
hand. This goes also fo1· the othe1· members up here who help
ed work out the prog1·am and decided on the facilities for us. 
Walte1· Van Vloten, I know, spent quite a bit of time on this. 
He decided on the recommendation of the Vancouver Ai1·port 
Inn as having the most suitable facilities for our meeting; I 
think he made a ve1·y good choice. All the other members 
from this area that helped develop this program also deserve 
conside1·able credit. 

I have known the moderator of ou1· first session for l!Uite 
a few years. We were graduate students togethe1· at Michi
gan State University. We are certainly happy to have him 
ot1t here with us. He is Canadian ; actually he is sort of· a ren
egade member in that our boundary line goes to the other side 
of his province, but he claims that his conditions the1·e in 
Saskatchewan a1·e more simila1· to those of the East. So he 
went to the East and he conquered the Eastern Region and has 
become President. But he still is, I think, a Weste1·n mem
be1· despite his conquering the East. So, Stu Nelson, we'd like 
to have you go ahead and get the program started. 

MODERATOR NELSON: Thank you, Bob. Ladies and gen
tlemen., it is a real pleasure to meet \\'i th the Western Region. 
This is my first time to meet with your group; it is a partic
ular pleasu1·e for me that you have chosen to meet in Canada 
this yea1·. 

At this time we will call on the fi1·st speaker, a chap from 
B1·itish Columbia who has been a nurse1·yman, and propagator, 
as well as an orchardist, I believe; he certainly has a ''grass
roots'' approach to the fruit tree rootstock situation. I'd like 
now to int1·oduce John Traas. 

TYPES OF ROOTSTOCKS USED IN FRUIT TREE PRODUCTION 
JOHN TRAAS 

• 

Tr·aas Nur·ser·y 
Langley, B1·itisli Colu't}ibia 

My earliest 1·ecollections of fruitg1·owing date back fifty 
years. That was when Antwerp was bombed in 1918 and I 
was shelte1·ed under 011e of the big f1·uit trees in my father's 
orchard. They were old and, of course, on seedling rootstocks. 
Ten years later, another remarkable feat happened when my 
fathe1· bought his first pea1·s on quince. They were the most 
miserable looking trees I have eve1· seen but that was the be
ginning of a period when nurserymen began to grow trees on 
cont1·olled unde\·stock. Some people called them dwarf, but 
that does not mean that they had to be below quality, as hap
pened when my fathe1· bought his fi1·st shipment. 

Many things have changed since then-the time when peo
ple planted trees thirty to fo1·ty per acre has long passed, and 
nowadays three to four hund1·ed per acre is not uncommon! 
This is the time of wide variation of types, with many specific 
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cha1·acteristics on different soils, under different climates and 
in different countries. It is with this in mind that we will at
tempt to look at this subject from three different points of 
view. First, what it means to the fruitgrower; second, what 
it me·ans to the nurse1·yman; and thi1·d, what it means to the 
plant propagator. 

Today, the modern fruitgrower has access to a nu·mber of 
magazines, periodicals, and books; if he belongs to a fruit
grower's association, he can exchange his practical experiences 
with those of other members. Fifty years ago he had to rely 
mostly on his own skill and intuition. Today he is more de
manding, more informed, and certainly more choosey when he 
buys trees from the nurse1·yman. 

]f the grower plants 400 or more apple trees per acre, he 
wants trees on 'E.M. IX' roots. This gives him full produc
tion by the fifth yea1·. Of course, he must pay a price for this 
quick production, either by staking every tree or by growing 
them in a hedgerow on a wire. People who prefer fewer trees 
per acre, but still want to retain high density planting, look 
for trees with a bit more vigour., which we find in 'M. 26', 'E.M. 
VII', 'E.M. IV', or 'lvI.M. 106'. We are not going to elaborate 
on all details of these stocks, presenting only a general out
line. 

In the more vigorous g1·ot1p, the apple-grower can do two 
things: he can plant very close on ''spur'' types, or ''non
spurs'' at a rate of 225 trees per acre. The modern fruitgrow
er looks in this vigour range for 'E.M. II', 'M.M. 104', 'M.M. 
111', or 'Alnarp 2'. Rarely will people plant clonal rootstocks 
which compare in vigour with se•edling 1·ootstocks. Some mod
ern growers have ten-year old spur types on seedling roots 
which are not at top capacity yet. This could be an indication 
that fruiting on a seedling rootstock takes longer than fruit
ing on a cont1·olled growth unde1·stock. There are countless 
instances of trees in full bloom on seedling rootstocl<.s,-which 
have not yet passed the juvenile stage-,vith the result of a 
total fruit drop in June. Several old-country varieties are 
known for this bad characteristics; on dwarfing understock 
they give far earlier production. It is, therefore, no surprise 
that the modern fruitgrower has something specific in mind 
when he 01·ders trees from the nurseryman. This results in a 
more diversified plant plan for different customer·s.-differ
ent customers on diff e1·ent soils-different customers under 
diffe1·ent climatic conditions. There was a time that the 
fruitgrower was satisfied with any tree as long as there was 
a root under it-this time has long passed, and all for the bet
ter. 

Let us now see how the nurse1·yman, hemmed in be
tween the demands of the fruitgrower, and the sometimes re
stricted supply from the plant propagator, makes a living. 
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VERY DWARF 
When the nurseryma11 contemplates his plans for a 

new growing season, he considers, of cou1·se, the possi
bilities of selling the plants he will grow. Therefore, he 
certainly does not want to bank too heavily on 'E.M. IX', 
the true dwarf. The root system is b1·ittle, the trees fall 
over very easily in the nu1·sery 1·ow, and the size of the 
tree is smalle1· than the other rootstocks. On top of this, 
the demand from the fruit growe1· is not heavy enough to 
go overboard on 'E.M. IX'. 

DWARF (MEDIUM WEAK) 
The next one in the vigour· range a relatively new 

rootstock, is 'M. 26', a cross between 'E.M. IX' and 'E.M. 
XVI'. The large, shiny leaves show some similarities 
with the very vigorous growth of 'E.M. XVI', although 
the vigou1· is considerably less than that of 'E.M. VII'. 
Material is not plentift1l yet and, therefore, 'E.M. VII' 
becomes his next choice. 

SEMI-DWARF (MEDIUM) 
This olcle1· rootstock type is still in demand, but not 

as heavy as ten years ago, despite some limiting factors. 
It perfo1·ms very well with grafts of 'Golden Delicious', 
and, according to Dr. R. F. Carlson, also on spur types of 
'Red Delicious'. It is, however, susceptible to collar rot. 
'E.M. VII' is the first one in this range of semi-dwarf 
understocks. 

In the same vigou1· range is 'M.M. 106', one of the 
promising types of the Malling Merton series, having 
superb growth, good ancho1·age, and early production. In 
some locations the susceptibility to colla1· 1·ot is one of 
its limiting facto1·s. Another factor which decides the 
choice of rootstocks for the nurseryman to offer is that 
some fruitgrowe1·s prefer the compact trees-the so
called spur types, many of which are available as sports 
of 'Red' and 'Golden Delicious'. 

SEMI-VIGOROUS (MEDIUM-VIGOROlJS) 
When the frt1itgrower demands more vigorous t1·ees, 

there is a choice of understock between 'E.M. IV' and 
'M.M. 111'. 'E.M. IV' (or 'Holstein Doucin') is an old 
timer with several characteristics which wa1·rant con
demnation, but several superior aspects which make a 
reassessment desirable in this e1·a <Jf high density plant
ing. The poor characteristics are a tendency toward lean
ing, great susceptibility to foliar deficiency, s.uscepti
bility to woolly aphid in the stoolbed, sucke1·ing, and virus 
infection of the plants. When clean material is available 
and if the fruitgrower should decide to grow trees in a 
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hedge row, eithe1· on wire 01· stakes, the e-normous p1·0-
ductivity of trees on this stock will most certainly be a 
factor in giving 'E.M. IV' a place in trials. The moreso 
because it is one of the ve1·y few stocks which seem to be 
1·esistant to collar 1·ot. 

Automatically the nurseryman tu1·ns to 'M.M. 111' as 
his only othe1· choice in this vigour range. It is rathe1· 
strange that this new type from East Malling was hardly 
known or grown eight years ago. The absence of virus, 
combined with great d1·ought 1·esista11ce and, as an extra 
bonus, the early and dependable productivity makes this 
the most wanted type at the moment. According to the 
statistics, production is .i ust under the top producers,
'M.M. 106' and 'M.M. 104'. So far, it also claims the hon
our of being less susceptible to colla1· 1·ot tha11 the othe1· 
stocks. 

VIGOROUS 
Following the classification of Prof. H. B. Tukey, the 

next group f1·om which the nurseryman can choose is the 
vigorous group, including three worthy of consideration 

'E.M. 11'. 'Alnarp 2' and 'M.M. 104'. To begin with 
'E.M. II', this is a very good understock, but it takes quite 
a time to develop good anchorage, due to the asymetrical 
root system which makes leaning of young trees not un
common. I,t is a ''dry'' rootstock (which is not easy to 
bud). The1·e are many satisfied fruitgrowers who had 
good results with this stock and are pleased with its per
formance, production-wise. 

We spoke of a dry rootstock; 'Alnarp 2' from the Ag
ricultural Research Station at Alnarp, Sweden, is the 
easiest to bud. It is relatively unknown, but fairly win
ter-hardy, and is available only in limited quantities. 

During the last ten years, nurse1·ymen have turned 
to 'M.M. 104' in increasing numbers. The best cropper, 
providing the best anchorage, and at the same time an 
early cropper, it is no wonde1· that many people have 
bought this unde1·stock as a finished tree. The suscepti
bility to collar 1·ot is one of its limiting factors, aJthough 
many satisfied fruitgrowers praise this unde1·stock very 
highly. It is not certain if collar rot is a primary or a 
secondary disease. Some claim that f1·ost damage, coming 
first, makes invasion of the collar rot fungus easier. In
cidentally in Europe collar rot in rootstocks is no problem, 
and when the plants were introduced from East Malling 
Research Station, immunity to collar rot was claimed. 

VERY VIGOROUS 
The very vigorous g1·oup, consisting of 'M.M. 109', 

'M. XXV', 'Robusta #5, and seedlings, have decreased in 
importance because high density planting, t1sing i-uch 
stocks, is ha1·dly feasible. 
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It has been the fruitgrower who has changed the pattern 
of the nurseryman by insisting on a specific variety grown on 
a specific rootstock. How much the clonal rootstocks have in
fluenced the industry is shown by 'che fact that one of the la1·
gest nurserymen in the U.S.A. offers over twenty apple varie
ties in nine types, giving close to 200 combinations. 

Time prevents me from elaborating on the clonal plum 
rootstocks which a1·e a refined improvement over seedlings, 
especially for high de·nsity peach plantings. We also mention 
quince as dwarfing unde1·stock for pea1·, which could make 
high density pla11ting fo1· pears a distinct possibility. It would 
be good if a winte1· ha1·dy quince could )Je found to give this 
point more impact. Close contact between fruitgrowers, nur
serymen, and scientists can prevent a lot of mistakes; the more 
so because no one has found all the ans,vers yet. 

Finally, in what positio11 does the plant p1·opagator find 
himself? As a new Canadian f1·om Eu1·ope, it took some adap
tation for me to d1·op a c11ltu1·al practice which was so con
trary to the one we found he1·e. The• western countries of Eu
rope, especially, g1·ow high density trees on 'E.M. IX'. More 
than 90 % of all trees sold in Holland a1·e grown on this root
stock. A prominent Belgian plant propagator, who grows two 
and a half millio11 plants a year, has two million plants of 'E.M. 
IX'. England has large ac1·eage on 'E.M. II', 'IV' ancl 'VII', 
but has changed conside1·ably over the last ten years to the 
new Malling Merton series. especially 'M.M. 106', '104', and 
'111', while this continent uses Malling Merton understocks to 
a far greate1· extent than does Europe. 

It is the correlation between the demand of the fruitgrow
er and the willi11gness of the nurseryman to adapt to this 
new demand which is the guideline for· the propagator. A 
more desi1·able thing would be that through close contact be
tween the plant p1·opagator, the scientists, and the plant breed
ers, a more reliable and, if possible, a more restricted choice 
of types would be feasible. One of the limiting factors so fa1· 
has been the constant changing of types adaptable to different 
climates; anothe1· limitation has been the dist1·ibution of clean
er foundation stock but with undesirable characteristics or 
with the appearance of new latent viruses. 

How much the plant breeder and propagator are subject 
to the changes of mode·rn environment is clearly illustrated 
by the plant breeding of black cur1·ants at 'che Wageningen 
University, Holland. Twenty years ago, the most important 
characteristic was a long vine which was ea.sy to pick; sever
al promising varieties we1·e discarded because of a lack of this 
feature. Now, with the mechanical sh~iking devices, empha
sis is still placed on production but, .iust as important, on uni
form ripening and on easy mechanical ha1·vesting. Several 
older varieties retu1·ned to prominence lately because of this 
situation. 

The same aJJplies to the plant propagato1·. While fifty 



years ago all trees were sold on seedling rootstocks, the1·e has 
been a gradual changeover in the last ten years to size-con
trolling rootstocks, with a sudden upswing in the more dwarf
ing understocks. The switch to high density plantings and 
to growing trees in hedge1·ows made this changeover neces
sary. 

The demand fo1· the smaller trees on a large scale is rela
tively new and the industry is still in a transition period. Dur
ing our 12 years in Canada, the demand has switched f1·om 
'E.M. VII' to 'E.M. II' to 'M.M. 104' and '106', and now to 
'M.M. 111'. The changes are not always gradual but sudden 
and this brings tension to the nu1·seryman who cannot supply 
trees on a recommended rootstock overnight. It also brings 
disappointment to the f1·uitgrower who cannot get what he 
wants. Several modern f1·uitgrowers, especially those with 
capacity to raise their own trees successfully, buy the latest 
recommendatio11s di1·ectly from the plant propagato1·s. 

Summarizing, we can say that the transition is as confus
ing to the orchardists as it is to the nurseryman and as com
plex for the plant propagator as it is for the plant breede1· who 
introduces new, promising additions to our already large 
range of rootstock types. We feel that a very sound policy is 
to stick to a rootstock which has given good results for the in
dividual fruitgrower. The more material that is 1·eleased, the 
more we ne•ed close cooperation between orchardists, nursery
men, and plant propagators. In closing, we exp1·ess the hope 
that we, as plant propagators, may play our part in this im
portant facet of the fruit industry. 

MODERATOR NELSON: Thank you, John. I would like at 
this time to call on M1·. Herbert Frost, who is going to speak 
on ''Growing Trees on Malling Stocks''. Mr. Frost is from 
FroRt NurReries, Granite FallR, Washington. Mr. FroRt: 

GROWING APPLE TREES ON MALLING ROOTSTOCKS 
HERBERT H. FROST 

Frost Nurse1·y 
Gra11,ite Fall.<;, Washington 

Our nursery is located 40 miles northeast of Seattle, 
Washington, in the western foothills of the Cascade Moun
tains, where the soil and climate conditions are excellent for 
growing hardy trees. The soil is upland sandy loam with a 
pH of 5.5 to 6 and is rich in organic matter. The ground is 
prepared two years in advance of planting, with two green 
cover crops deeply plowed under. We add 400 lbs. of 10-20-20 
commercial fertilizer per acre. 

At this time we are growing apples on 'E.M. IX' and 'E.M. 
VII' understocks. The reason we have confined our growing 
to these two iR that we sell primarily to retail sto1·es; 'E.l\'I. IX', 
a dwarf of 8 to 10 feet, and 'E.M. VII', a semi-dwarf.-12 to 15 
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feet:-a1·e the most acceptable. We discontinued 'E.M. IV' 
because of its b1·ittle roots. Ou1· finished trees a1·e never sold 
as whips, but a1·e headed back at approximately 40 inches and 
are grown on as well-branched 2-and 3-year-olds. 

We propagtite ou1· stocks as both mound and contint1ous 
layers. Ou1· 01·iginal stock came from Canada. We plant ou1· 
tree understock in ea1·ly spring with a mechanical planter 
spacing them 16 inches apa1·t in rows 42 inches wide. All our 
budding is done i11 August. We do not irrigate; the trees de
velop an excellent root system and heavy caliper in one yea1· 
through the deep plowing and constant cultivation. For weed 
control, we cultivate and hoe. However, we have used pre
en1erge herbicides succssfully. 

W€· follow a rigid sp1·ay program th1·oughout the yea1·. 
Part of this p1·ogram includes the t1se of a dormant spray, 
Cyprex 65W, fo1· scab and mildew, Rotl1ane 50 fo1· leaf 1·olle1·; 
Captan as a fungicide, and occasionally malathion. 

Fo1· the coming yea1· ,ve are includi11g some of the Malli11g
Me1·ton types; and if these p1·ove ::.atisfactory, we shall incl tide 
them in ou1· invento1·y. 

MODERATOR NELSON: You know, 15 years ago-maybe a 
little longer·-any researcher that coulcln't answer a q11estion 
would say it was ''physiological''. Well now I think the pen
dulum has turned e•nough that any time a researcher can't an
swer a question he sends the problem to a virologist. Dr. Mau-
1·ice Welch is one of our leading Canadian virologists. It gives 
me great pleasure to introduce Dr. Welch, Head of the Plant 
Pathology Section. Canada Depa1·tment of Ag1·icultu1·e, St1m
merland, B. C. D1·. Welch: 

VIRUS-FREE ROOTSTOCKS 
MAURICE WELSH 

Plant Patho!o_qy Sectio1i, Can,ada Dept. of A,qricitlt11,1·e 
Resea,1·ch Station 

Summe1·land, B1·itish Columbia 

The problems that viruses provide fo1· nurserymen are 
typical of the complexities that have been gradually overtak
ing propagat.ors of fruit trees since the early carefree days 
when Johnny Appleseed was scattering his seeds along trails 
in the American ,vilderness. The complications began, of 
course, as growers recognized the supe1·iority of certain seed
lings and the need to g1·ow them as va1·ieties grafted on root
stocks. Even thiE ,vas relatively simple fo1· a time, when there 
seemed a nee·d only fo1· germination of randomly-collected 
seeds, and their topworking to the desired varieties. Now b)' 
contrast, the fruit b1·eeder and the nurseryman must concern 
the•mselves with vegetatively-propagated as well as seedling 
rootstocks, which endow the t1·ees witl1 varying degrees of 
dwarfing, and provide other useful characteris'cics. Often a 
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3- or 4-pai·t tree is requi1·ed to attain satisfacto1·y tree shape, 
dise•ase resistance and ha1·diness. To this must be added all 
the other precautions necessary to cope with soilborne insects, 
nematodes, crown gall, root rots and viruses. Not least among 
these accumt1lating problems are the proliferating quarantine 
1·egt1lations designed to guard against these pests and diseases; 
regulations that are restricting the movement of nursery 
stock from country to country and from region to region. 

It seems almost ruthless to select one of these many vex
ations and stress its complexity and importance. Nevertheless. 
I have a specific as~.ignment to discuss the significance of 
virtises in tree-fruit roo'cstocks and in relation to thei1· propaga
tion. 

Most of you by now a1·e familia1· with viruses and their 
characteristics, to the extent that these are now known. It is 
only in the last 30 years that scientists have been able to 
study viruses in the laborato1·y, and by 1967 only a small pro
portion of the viruses that cause plant diseases can be isolat
ed, purified and characte1·ized. Those that have been so stu
died are complex nucleoproteins, not unlike some of the native 
proteins that occur in healthy plant tissues, except that the 
virus proteins have the ability, when introduced into living 
host tissues. of multiplying rapidly, upsetting the normal func
tioning of t.hese tissues, and tht1s causing diseases. These char
acte1·istics of virt1ses have made them t1niquely difficult to 
deal with. In particular, they are so intimately associated 
with the plant tissues that they cannot be killed or controlled 
without killing the tissues in which they occur. As they can
not be controlled by the means we use fo1· insects, fungi or 
bacteria we must rely almost solely on preventive measures. 

The seriousness of viruses in fruit tree•s can be illustrat
ed by the records of diseases such as peach mosaic, phony 
peach and little cher1·y. Peach mosaic has required the eradi
cation of hundre•ds of tho11sands of bearing peach trees in the 
southweste1·n United States. Phony peach has demanded 
equally extensive eradication programs in the sot1theast. The 
little cherry disease eliminated cherry growing in the Koo
tenay region of British Columbia, and is now known to occur 
commonly in several European countries, as well as in Aus
tralia and in Japan. We may be less familiar with other, 
even mo1·e se•rious diseases that occur on other continents. 
Plu1n pox has spread through millions of plum, prune and ap
ricot trees in most European cot1ntries, rendering plum fr11its un
fit to eat. App7e p1·olife1·a,tio1i, 01· iuitch's broo1n, spreads ac
tively in 01·chards, occt11·s in most European apple-growing re
gions, affects tree growth, and causes fruit and foliage symp
toms. The Pfeffi1igerk1·anli·hei~ disease of cherry debilitates or 
kills affected trees and is soil-transmitted, so that re-planting 
with healthy trees is not possible. These are only a few of the 
viruses that cause obviot1s diseases, and that spread rapidly 
in orchar·ds, transmitted by inse·cts, pollen, or nematodes. 
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In addition to these viruses that cause spectacular dis
eases in certain regions of the world, there are a number of 
viruses that are dist1·ibuted in fruit trees almost wherever 
they are grown, and are more insidious because they cause no 
symptoms on most commercial varieties of tree fruits. Usually 
these viruses do cause serious disease- conditions on certain 
sensitive varieties, and almost all of them have significant, 
thot1gh less apparent effects, in reducing graft and bud union 
''take'' in nu1·series, and in reducing production of stoolbeds 
and seedling plantings. Many of them also 1·educe the vigo1· 
and productiveness of the infected trees. 

The plant propagator must be· especially concerned with 
this second group; the so-called ''latent viruses''. They obvi
ously reduce the efficiency of his nursery operations. Per
haps more important, he is in a st1·ategic position to assist in 
reducing the incidence of these vi1·uses in orchard plantings. In
deed, unwittingly in the past he has been the most effective 
disseminator of latent vi1·uses, because the use of infected pro
pagating materials has accounted for most of their spread. 

The first responsibility of the propagator is to obtain vi
rus-indexed sources for rootstocks, bodystocks and variety 
clones. His second responsibility is to adhere to practices 
that will prevent virus infections occurring in his plantings. 

Virus-free clo11es of most comme1·cial tree fruit varieties 
a1·e now available, or rapidly becoming available, through 
State or Provincial nu1·sery improvement and certification 
programs. In the West there are such programs in Califor
nia, Washington, and British Columbia. These schemes, de
signed to provide materials for the nurseryman, are support
ed by a Repository of vi1·us-free materials, established with 
U. S. Congressional funds at Prosser, Washington. Virus-test
ed clones of all useful stone fruit varieties are held there in 
very strict isolation, and nuclear stocks are provided to Re
search Stations and Nursery Improvement Schemes in the 
United States and Canada. Virus-tested apple and pear clones 
are being added as rapidly as they become available. 

Sources for clean understocks a1·e more diverse and 
scattered. The problems differ for clonal rootstocks and seed
ling roots tocks. The clonal roots tocks most used are those for 
apple, which originated at the East Malling Research Station 
in England. The original Malling stocks were developed in 
a period when virt1ses were not known to exist in apple, and 
most of the more useful Malling stocks have subsequently 
proved to be virus-infected. When the East Malling plant path
ologists became aware of the apple 1nosaic, chat f1·u1'.t and 
1·ubbe1·y ivood viruses they indexed all their rootstock clones 
and found it necessary to re·-clone a number of them. These 
were released as 'Malling IIA', 'M .IVA', 'M. VIIA'. and 'M. 
IXA', certified as free from apple mosaic, chat fritit and rub
lJery wood virues. More recently, since means have been found 
to detect additional apple viru8es, it has been demonstrated 
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that 'M. JI' and 'M. IIA' carry chlor·otic leaf sJJOt virus, and 
that the other stocks carry chlorotic leaf spot, stem pitting and 
Spy epi1iasty viruses. Most of the clonal rootstocks more re
cently released in England have a cleaner bill of health. 'Mall
ing-Merton 104', 'M.M. 111' and 'M. 26' are characteristically 
free from known viruses, and 'M.M. 106' is frequently free. 
However 'M.M. 109' and 'M. XXV' contain chlo1·otic leaf spot, 
stem JJitting and Spy epi1iasty viruses. Among clonal rootstocks 
for othe1· tree fruits the original releases of 'Quince A', My
robalan B', 'St. Julien A', 'Brompton' and 'Mazzarcl Fl2/l' 
have p1·oved to be f1·ee from detectable viruses. 

I11 recent years. a ne,v technique has been developed, by 
which viruses can be eliminated from plant tissues without 
killing the plant. Infected trees can be exposed to dry heat 
continuously for periods of seve~al weeks. The buds that sur
vive can be removed and applied to virus-free rootstocks. With 
luck, a fe,v of the buds are then found to have been freed from 
vi1·us infection. Such treatment has been given to the infected 
rootstock clones at va1·ious Stations in England and North 
America. It is a slow busi11ess but is p1·oving rewarding. At 
one or more of these Stations there are now clean clones of all 
the Malling and l\falling Merton series except 'M. IV' and pos
sibly 'M. XXV'. 'M. I1V' is now being sub.iected to treatment at 
the Plant Qt1arantine Station at Saanichton, B. C. Unfortu
nately. for various reasons, there is likely to be an interval of 
several years before any of these clean clones can be made 
available in quantity to the trade. 

For seedling rootstocks there must be a clear distinction 
between apple on the one hand, and pear and most of the stone 
fruits on 1,he other. The difference is in the occurence of virus 
transmission through seeds and pollen. So far, such trans
mission has not been demonstrat.ed for viruses infecting apple, 
except one that seems to have little importance. Therefore vi
ruses can be essentially ignored in selection of seed sources 
for apple roostocks. By contrast, in stone fruits, viruses of 
the 1·ingsJJOt and sour clie1·ry yellows group are commonly 
transmitted through seed and pollen. In pear, at least one 
virus ( vei1i yelloivs) is t1·ansmitted through the seed. This 
means that the only assurance of virus freedom in stone fruit 
and pear nursery trees lies in establishing special seed source 
orcha.rds, planted with trees that are free from viruses, and in
dexed periodically to ensure that they remain healthy. A few 
such seed source orchards have been established in eastern, 
mid-western and western states. In British Columbia, seeds 
from virus-indexed 'Van' cherry trees are being propagated 
unde1· the Budwood Certification Scheme, for use of commer
cial nurseries. 

After the nurse1·yman has secured suitable sources of vi
rus-free propagating materials there are several precautions 
that he must adopt to prevent infection of his plantings. One 
is to avoid doing any topwo1·king in stoolbeds, and thus risk 
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contaminating them. Another is to avoid 1·e-budding of root
stocks on which buds have failed. Bud-failure is often a sign 
of virus infection in bud or 1·ootstock, and in any case the 
second budding doubles the chance of introducing viruses. 
Stoolbeds and other nu1·sery plantings should be kept far 
enough from older fruit trees to avoid the risk of root graft
ing, and thus of transmission of viruses through the grafts. 
He should avoid interplanting tree fruit materials with orna
mental stock. especially ornamental P1·unus, Pyrus and Malus, 
because these can serve as hosts for many of the same viruses, 
and usually have 1·eceived less careful indexing. Final!)' the 
recent demonstrations that stone fruit viruses are transmitted 
in pollen make's it necessary that all blossom buds be removed 
each year from seed sotirce and scion source trees. 

A talk on viruses in tree fruit clones must include men
tion of regulatory measures, and the complications that they 
are providing for U. S. and Canadian nurserymen. Quaran
tine regulations and restrictions, of course, are designed to 
prevent the entry of new and serious diseases to a count1·y 01· 
region. Many of our most destructive diseases and pests have 
entered North America in shipments of plants or trees from 
other continents. \Ve have to be prepared to pay a price to 
ensure that we do not introdtice additional virus diseases such 
as plu1n pox, apple p1·oliferation, Pfef finger k1·anklie1·t of 
cherry) chlorotic leafroll of peach and apricot, and other equal
ly devastating virus diseases that, so far, have not gained en
try to the United States or Canada. For this reason the quaran
tine authorities in both countries have been tightening thei1· im
port regulations during the last several years. During 1966 
and 1967, U. S. authorities have been adding to their precau
tions still further by placing restrictions on the movement of 
tree fruit nursery stock from Canada to the United States. 
They have specified that the Canadian materials entering the 
United States must be certified by Canadian Plant Protection 
Division officials to be free from all the serious virus diseases 
occurring on other continents, and that apple stocks must al
so be free from the mo1·e commonly dis'cributed 1·ulJber11 1vood 
virus. Some of the other commonly distributed latent viruses 
are not specified in the quarantine 1·egulations. Apple stocks 
infected with chlorotic leaf spot, stem pitting and SJJY epinasty 
viruses can still enter the United States from Canada. In ad
dition, the Canadian nurseryman must practice all the va1·ious 
precautions I have mentioned in the operation of his nursery 
before his stock can be approved for entry into the United 
States. We must assume that if these precautionary meas
sures a1·e required for nursery stock being imported to the 
United States from Canada. there will be increasing pressure 
for the adoption of all the same precautions by U. S. nursery
men producing stock for domestic and expo1·t sale. 

In Canada we are now taking an additional precat1tion 
to ensure that the ntirseryman receives clean varieties and 
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1·ootstocks. 1'he 1'ree Fruit and Grape Quarantine Station 
that was set up primarily to screen materials imported to Can
ada from other continents, also provides a service to Canadi
an plant breede1·s. All new proven varieties derived from 
their breeding programs can be E,ubmitted to the Quarantine 
Station for indexing to ensure that they are free from viruses 
at the time of their 1·elease to the trade. 

Viruses provide one other serious haza1·d for the p1·opa
gator. This lies in the susceptibility of certain kinds of root
stock to ,,iruses that are commonly distributed1-but symp
tomless,-in commercial va1·ieties. This has been especially true 
of c1·ab seedlings used as 1·ootstocks, and crab varieties used 
as ha1·dy body stocks. Recently we discovered at Summerland 
that the r·isk extends to seedlings of some commercial apple 
va1·ieties, when we e11cou11tered stem pitting symptoms in a 
high proportion of 'Delicious' apple seedlings that were top
worked with infected apple va1·ietal mate1·ial. The Ottawa Re
search Station has 1·esponded to this danger by co-operating 
with us at Summerland in screening to ensure that its new 
hardy siz«~-controlling rootstocks are resistant to the common 
latent vi1·uses occurring in apple. 

The ob.iective of plant b1·eede1·s and plant pathologists is 
to eventually make available to nurserymen and orchardists 
a range of rootstocks that are not only virus-tested but also 
virus-1·esistant. Until this goal is attained there is urgent 
need fo1· nurserymen to take all reasonable precautions for 
p1·oduction of clean nursery stock. Obviously this is necessary, 
not only ti) protect the 11urse1·yman and the fruitgrower from vi
rus hazards, but to keep nursery stock moving freely between 
our two countries and the 1·egions within them. 

MODERATOR NELSON: Thank you, Dr. Welsh for a most in
teresting talk. We will move on with our program to the 
next speaker, who I met for the first time this morning, but 
I've read his writings and who, I am sure, does not need an 
introduction to the Western Region members. He is one of 
the workhorses in the 01·ganization, because anybody who is 
the Edito1· just has to be a real worke1·. I am sure the Editor 
puts long hours into preparing the wonderful Proceedings 
that comes out of our organization. So with that, I'd like to 
introduce D1·. Hudson Hartmann, Department of Pomology, 
University of California, at Davis who is going to speak on 
root initiation in hardwood pear cuttings. Dr. Hartmann: 
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ENDOGENOUS ROOT-PROMOTING AND ROOT-INHIBITING 
FACTORS IN PEAR CUTTINGS IN RELATION TO BUD ACTIVITY 

M. S. FADL1 AND H. T. HARTMANN 
Departmerit of Pomology 
University of Califo1·nia 

Davis, Califo1·nia 

In studies of methods of propagating rootstocks known to 
be resistant to ''pear decline'', it was noted that hardwood 
cuttings of 'Old Home' pear rooted readily whereas such cut
tings of 'Ba1·tlett' were very difficult to root (3). It was de
termined in these tests that nursery trees of own-rooted 'Old 
Home' could be propagated easily by taking hardwood cuttings 
in the fall, treating them with indolebutyric acid (IBA), then 
storing them for about 3 weeks in damp peat moss at 70°F. 
for roots to become just visible befo1·e planting in the nursery. 
'Bartlett' pear cuttings, however, if handled in this manner 
formed no roots. But if 'Bartlett' cuttings, after receiving 
the I;BA treatment, were placed out-of-doors (in late fall or 
early winter) upright in damp peat moss over bottom heat 
(80°F.) but with the top buds exposed to the natural winter
chilling ( 40 to 50°F), roots would form in about 3 weeks. Cut
tings with such incipient rooting, if transferred to the nur
sery row, would then develop into vigorous nursery trees by 
the end of the summer. 

In the present study it was planned to determine, if pos
sible, what differences existed between 'Bartlett' and 'Old 
Home' enabling hardwood cuttings of the latter to root so 
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much mo1·e 1·eadily, why chilling the buds of 'Bartlett' seemed 
to stimulate roo'cing, and why fall or early winter was an op
timum time fo1· taking the cuttings. 

Figure 1 shows the changes in rooting obtained with 'Old 
Home' hardwood cuttings dui·ing the period from mid-July to 
the end of February and compares 1·ooting of disbudded cut
tings with those having 4-buds each. Also shown is the rela
tionship between rooting and the potential physiological activ
ity of the buds; that is, their ability to sp1·out when placed 
tinder optimum envi1·onmental conditions (2). Figure 2 
(above) shows the effect of bud number on each cutting on the 
percent of cuttings rooting at diffei·ent times of the year from 
Octobe1· 1 )co Januai·y 10 (2). It is apparent from these 
figu1·eE, that with 'Old Home', the presence of buds stimulates 
1·ooting in mid-Septembe1· when the buds a1·e physiologically 
active btit as the buds become deepe1· i11 the ''rest'' in mid
winter, their pi·esence inhibits rooting. 

With 'Ba1·tlett' cuttings, 011 the other hand, (Fig. 2 - cen
ter) , rooting is consistently low and the p1·esence of any buds 
completely inhibits 1·ooting. However, if 'Ba1·tlett' cuttings 
are placed vertically ove1· bottom heat with the top buds ex
posed to chilling ( 45°F), the picture is completely changed. 
Rooting is inc1·eased considerably and, except for the January 
and February collection dates, the presence of buds is not as
sociated with poo1· rooting (Fig. 2 - below). 

To study possible changes in the levels of natu1·ally-occur-
1·ing rooting promote1·s and inhibito1·s, or both, in the bases of 
the cuttings du1·ing the periods of active a11d inactive rooting, 
the mung bean bioassay as developed by Hess ( 4) was used 
after separation of the growth-active substances by pape1· 
chi·omatography. 

'Old Home' and 'Ba1·tlett' hardwood cuttings, about 20 cm 
long, were taken on September 10, 1965, from shoots produc
ed that growing season. Samples, each consisting of ten 2.5 
cm basal segments, we1·e prepared f1·om cuttings of both var
ieties as follows: ( 1) Cuttings taken immediately after col
lection from the t1·ees (zero time). (2) Cuttings which had 
been stored in the rooting medium (moist peat moss) at 76°F 
for 24 hrs following t1·eatment with 2000 ppm indolebutyric 
acid ( IBA) in 50 % ( v /v) ethanol by the concentrated solu
tion-dip method. (3) Cuttings which had been disbudded, 
(without IBA t1·eatment) then stored in the rooting medium 
for 10 days. ( 4) Same as 3, but cuttings treated with 2000 
ppm IBA. ( 5) and ( 6) Same as 3 a11d 4, respectively, except 
cuttings were stored in the rooting medium for 20 days. 

Treatments 7, 8, 9 and 10 correspond to treatments 3, 4 
5 and 6, respectively, except that all cuttings had 4 buds each'. 

The excised basal segments of the cuttings were ext1·acted 
with ethanol. For analysis, the extracts we1·e concentrated to 
a final volume of 4 ml. Growth-active substances were separ
ated by paper chromatog1·aphy. 
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Pape1· Ch,;·omatogr·aphy. A volume representing 250 mg 
dry weight of the extracted basal tissues was strip-loaded on 
46.3 x 19.0 cm Whatman No. 3 MM chromatography paper. All 
chromatography was of the descending type, using is.opropan
ol-water (10 :1, v/v) as the solvent system. The chromato
grams were developed uni-directionally for 14 hours until the 
solvent front was about 30 cm f1·om the origin. The dried chro
matograms were cut into 15 transverse strips of equal width; 
each strip was subsequently bioassayed by the mung bean 
1·ooting test. The paper strips above the origin served as con
trols. The chromatogram st1·ips were transferred to 6.8 x 2.0 
cm shell vials into which 10 ml of distilled water was added. 
An equilibration pe1·iod of approximately 6 hours was allowed 
before mung bean cuttings were added. 

Miirig Beari Bioassciy: Mung bean seeds were immersed for 
5 minutes in a solution of 1 part Clorox (commercial hypoch
lorite) to 10 parts water, rinsed, and soaked in running tap 
water for 24 hours. Seeds were then planted and germinated. 
Five mung bean cuttings were placed in each vial, which also 
contained the chromatogram section. Distilled water was add
ed daily to maintain the original water level throughot1t the 
rooting period. The number of roots on each cutting was 
counted after 6 days and the ave1·age number of roots per cut
ting was determined. 

The results from the mung bean bioassays are shown in 
Figu1·es 3, 4, 5, 6 and 7. In the histograms each column rep-
1·esents a chromatogram section, the origin being on the left. 
Those columns above the horizontal line (control) indicate 
promotion of rooting; columns below the line indicate inhibi
tion of 1·ooting. The promotion 01· inhibition obtained from 
each chromatogram st1·ip was due entirely to material (s) pres
ent on that strip, since the1·e were no external additives in the 
vials other than distilled water. 

Mung bean bioassay of 'Old Home' pear ext1·acts obtained 
at zero time (p1·io1· to IBA treatments) showed a zone of pro
motion at ch1·on1atogram strips 12, 13, and 14. 'Ba.rtlett' ex
t1·acts showed considerably less p1·omotion in the same zones 
(Fig. 3, a and b). 'Old Home' extract obtained from the cut
tings 24 hours after they had been treated with an IBA solu
tion (2000 ppm), howeve1·, showed conside1·ably increased 
promotion at the same zone (st1·ips 12 to 14) while 'Bartlett' 
extract did not show as much inc1·ease (Fig. 3, c and d). 

The rooting activity of ext1·acts obtained from basal seg
ments of clisbudclecl cuttings, both treated and untreated with 
IBA, followed by storage in 'che rooting medium for 10 days, 
is given in Figure 4. Extracts of cuttings not treated with 
IBA (Fig. 4, a and b) showed much less promotion activity 
than did those obtained f1·om IBA-'created cuttings (Fig. 4, c 
and d). Fu1·the1·mo1·e, extracts of budless 'Old Home' cuttings 
had less inhibitory and more promotion activity at strips 12 
to 14 than did those of 'Ba1·tlett' but, in both cases, the amot1nt 
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of promotion was relatively low. 'Old Home' cuttings prepar
ed with such treatments (no buds and no IBA) root very poor
ly. On the other hand, 'Old Home' cuttings with 4 buds each, 
if treated with IBA, show very high rooting percentages, es
pecially when taken in September (Fig. 1). 

The activity of extracts obtained from similar disbitdded 
cuttings, either treated or not treated with I1BA, then stored 
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in the 1·ooting medium for a longer period (20 days) is shown 
in Figure 6. Extracts' of disbudded cuttings, not treated with 
IBA, showed no inhibitory activity and, in the case of 'Bart
lett' extracts, showed a considerable zone of promotion at 
strips 6, 7, and 8; a similar promotion effect is almost absent 
from 'Old Home' extract. It was noted previously that dis
budded 'Bartlett' cuttings when placed to root, callus very 
heavily, and give about 6 % rooting. Disbudded 'Old Home' 
cuttings, on the other hand, show a very low rooting percent
age, if they root at all, and the basal tissues of most cuttings 
die during a period of about 25 days; this is the same behav-
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ior shown by 'Bartlett' cuttings which have buds and are treat
ed with IBA. 

In the mung bean bioassay only slight root promotion ac
tivity, but considerable inhibition activity, appeared in basal 
extracts from disbudded and IBA-treated 'Old Home' cuttings 
(Fig. 6, c). Root promoting activity in the bioassay with 
extracts of disbudded 'Bartlett' cuttings, at strips 12 to 14, was 
also low, whethe1· 01· not the cuttings were treated with IBA 
(Fig. 6, b and d). 
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The biological activity in the mung bean test of basal 
extracts obtained from 4-budded cuttings and stored in the 
rooting medium for 10 days is shown in Figure 5. If the cut
tings were not treated with IBA a considerable amount of in
hibitory activity was obtained from 'Bartlett' extracts (Fig. 5, 
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b) but 'Old Home' extracts (Fig. 5, a), showed less inhibition. 
Basal extracts obtained from 'Old Home' cuttings which 

had buds and were treated with IBA were expected to show a 
large amount of promotion, especially at strips 12 to 14, since 
cuttings treated this way and placed for rooting at this time 
of the year ga.ve the highest rooting pe1·centage obtained. The 
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results shown in Figure 3, c support this prediction. However, 
rather than getting strong promotion where it was expected 
(strips 12-14), very definite inhitory activity appeared 
(Fig. 5, c). It was further noted that the mung bean cuttings 
used in the bioassay V.'ith these chromatogram strips not only 
did not root but showed a definite dark purple coloration in 
the veins of the 2 leaves. Since this was a rather difficult 
phenomenon to explain, it was decided to run a mung bean 
bioassay on a series of dilutions of the eluate obtained at these 
particular chromatogram strips, as well as on the remaining 
strips. As shown by the dotted bar in Figure 5, c, when an 
eluate from strip 13) where the inhibitory effect was most ob
vious, was diluted to 1/60 of its original concentration and ap
plied to mung bean cuttings, considerable root promotion was 
obtained. The average numbe1· of 1·oots was 54.4 per cutting 
in comparison with 10.4 for the control (Fig. 5, c). When the 
other strips (1-9) were tested with mung bean cuttings, how
ever, a gradual decrease i11 1·oot promotion took place as a re
sult of the dilution. 

The activity in the mung bean bioassay of extracts obtain
ed from the bases of 4-budded 'Old Home' and 'Bartlett' cut
tings held in the 1·ooting medium for 20 days (rather than 10 
days), both treated and untreated with IBA, is shown in Fig
ure 7. The activity of 'Old Home' extracts, especially those 
obtained from IBA-treated cuttings, at strips 12 to 14, showed 
about the same behavior as did the diluted eluates shown in 
Figure 5, c. There was a large zone of promotion at these 
strips, but the intense purple coloration noted earlier (after 
10 days storage) did not appear in the mung bean leaf veins. 

As Figure 7, d shov.,s, considerable inhibitory activity ap
peared in basal xtracts of 'BartJett' cuttings having 4 buds 
each and treated with IBA. This behavior was similar to that 
shown in Figure 6J c for extracts obtained from disbudded 'Old 
Home' cuttings treated with IJBA. In tests where root forma
tion was measured, both types of such cuttings showed simi
lar poor rooting. 

The naturally-occurring, highly-active root-promoting sub
stance which appeared in mid-September in the bases of IBA
treated 'Old Home' cuttings having buds has been studied fur
ther ( 1) and is believed to be· an indole-phenol complex aris
ing from the applied auxin combining with a phenolic sub
stance coming from the buds on 'Old Home' cuttings at this 
time of year. Buds on the difficult-to-root 'Bartlett' cuttings, 
apparently not only do not produce this rooting factor, but 
produce strong rooting inhibitors. 
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bases a11d tl1c 1·oot111g of l1a1 d,v,,od c11tt111gs 1'1 <Jc A 111,11· ,'irJc HrJ1·t Sci 91 
96-112. 

3 Hartma1111, H T, "\V 1-1 Gt 1ggs, ;111d C J Ha11scn 1963 Propagation of 
own-rootccl Old Home ,111d Bat tlctt peats to procl11cc t1cc~ resi~tant to peat 
decline Proc A 111e1 .'ioc f/rJ1 t .~, 1 82 CJ2-I 02 

4 Hes~, C E 1962 1\ J)hys1olog1c,1I co1npar1~c,11 <>f 1oot111g 111 easy att<I cl1ff1-
c11!t-to-1·oot c11tti11gs J>1,Jr J>/,111/ Piaf, .'ior 12 2C,!'i-26') 

MODERATOR MAIRE: l am Dick Maire, f1·om the Agricul
tural Extension Service, Los· Angeles County, California, and 
am working with nursery p1·oduction p1·oblems. I am very 
happy to be he1·e to mode1·ate the second session this morning. 
We are going to consider the sub.1ect of containe1· p1·oduction 
of nu1·se1·y stock and we have a ve1·y fine group of speake1·s. 
To open, we have D1·. James Kelley. He is from the Unive1·
sity of Kentucky where he has been doing work in ornamen
tal 1·esearch, as well as teaching, fo1· the last ten years 01· so. 
He has done quite a bit of work with containe1· productio11 
problems and is going to bring us tip to date on some of his 
new ideas in contai11e1· p1·oduction of 11ursery mate1·ial. The 
more we can learn about tech11iques in this field the better. 
D1·. Kelley: 

CONTAINER PRODUCTION OF NURSERY STOCK 
JAMES D. KELLEY 

De7Jartmer1t of Ho1·ticult1l1·e, Iowci State U1iiversit11 
A 1nes, I oiva 

The expanding use of containers for the production of 
nursery stock has created a need for more information 1·e
garding the production of woody plants by this method. Twen
ty years ago the growing of a plant in a restricted volume of 
soil was foreign to many nurserymen and many questions were 
unanswered concerning the ct1ltural practices involved. Today 
we have a number of answers but still many questions remain 
to be answered. 

Some of the biggest problems have been concerned with 
fertilization, growing medium, and winter protection. These 
are some of the items I would like to comment on today and 
hope that the results. of our studies over the past few years 
may be of value 'co you in solving some of your production 
problems associated with growing nurse1·y stock in containers. 

Fer·tilization - Fertilization appea1·s to be one of the least un
derstood factors in growing plants in containers. The purpose 
of fertilization is to provide an optimttm supply of nutrients 
in orde1· for pla11ts of that particular species. to make maximum 
gro,vth. Many times the desire for maximum growth leads to 
application of excessive amounts of fe1·tilizer which can be as 
detrimental to growth as is a lack of fertilization. 

Water soluble fertilizers are most commonly used for con
taine1·-grown f',tock. Howeve1· 1;he development of • various 
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sources of slow-release nitrogen have been of great value, par
ticularly to the nu1·se1·yman with a limited number of contain-
er-grown plants. ' 

Urea-formaldehyde was the fi1·st synthetic slow-release 
source of nitrogen. Since then several slow-1·elease nitroge11 
sou1·ces have been developed, among them being ferrous-am
monium-phosphate, magnesium-ammonium-phosphate, and res
in-coated fe1·tilizers. 

Among the plants we have used to evaluate the various 
sources and fo1·ms of nit1·ogen a1·e: Euony11ius alata 'Compac
ta', Euo11,y,1n,us f 01·t1,1,nei 'Vegeta', Azalea 'Hino-Crimson', Py-
1·acantlia coccinea 'T_,alandei', !lex c1·enata 'Latifolia', I.e. 'Hel
leri', and P1"Unus lau1·oce1·asus 'Schipkaensis'. Generally one 
application of a slow-release nitrogen sot1rce will supply ni
trogen fo1· 3 01· 4 mo11ths. Othe1·wise maximum growth 
ca11 be obtained by freqt1ent applicatio11s of \-vater soluble fe1·
tilize1·s. 

Soil 111,ixes - We have tried soil mixes co11taining one-thi1·d 
each of soil, sand and peat; one-half each of sand and peat, and 
one-half each of peat and perlite. All mixes must receive ap
plications of phosphorus, calcium and magnesium as well a,i 
nit1·ogen and potassium. 

Good plants can be gro\-vn in all these materials. The fac
tors to be considered in selecting a mix a1·e: cost of materials, 
ease of handling, ,veight of finished plants (if shipped), and 
willingness of the operato1· to adapt to the requirements of a 
given mix, such as changes in watering, fe1·tilizing and over
wintering practices. 

Wi11,te1· p1·otectio1i - Gene1·ally speaking some winter protec
tion must be given container-grown nursery stock in areas 
where sub-freezing temperatures occur. The minimum 
protection is to place the containers can to can. This, how
ever, is not satisfactory in most cases except for the hardiest 
of plants. We have found, as have others, that some type of 
plastic-covered st1·ucture gives the best protection fo1· most 
plants. 

We have used quonset-hut type plastic structures for a 
number of winters. These are supported by steel rods covered 
with fence wire, with a 4-mil layer of plastic o,,er this. Early 
in our work, we felt that during warm winter days, ventila
tion was advantageous in 01·der to reduce temperatures, since 
some days the temperature would run as high as 90°F with
in the structure. However, after a few years, it was easily 
seen that ventilation was detrimental to plant hardiness. This 
was attributed to 'che d1·op in relative humidity in the house. 
For example, once the strt1cture is ventilated, moistt1re moves 
out of the house and th2n plants start to transpire rather rap
idly even though the soil mix in the can is frozen and the roots 
are unal)le to absorb mois.ture. The 1·esult is l)t11·ning and leaf 
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damage to broad-leaved evergreens. We have found that the 
best method, under our conditions, is to keep the house as 
completely sealed as possible and-regardless of the tempera
ture during the winter months not to ventilate. In work with 
Japanese holly in regard to winter protection, it was found 
that plants on the outside rows 01· the perimeter rows in a bed 
are most sub.iect to winter in.iury and were al,vays the first 
to be in.iured or killed by low temperatures. It is particularly 
important that plants be placed can to can for maximum pro
tection. Recent work in Virginia and Pennsylvania have shown 
the advantage of placing water within the overwintering 
structure. In Pennsylvania1 after the houses were construct
ed for the winter, a plastic ditch was made in the aisle and 
filled with wate1·. In Virginia, a much simpler method of us
ing wate1· to reduce in.iu1·y i11 overwintering was to place two 
55-gallon drums of water in each house. When temperatures 
within the structure reached 32°F the wate1· freezes and heat 
is released. When ice thaws, considerable heat is requi1·ed 
thus tending to produce a moderation of temperature in the 
house during the winter. In Virginia, houses were found to be 
between 5° and 10°F warmer when water was in the house. 

Japanese yew in houses containing 100 gallons of wate1· 
made approximately twice the shoot growth the following 
spring as plants that were overwintered in houses not contain
ing water. Other plants produced a similar response when 
stored in houses containing water in 55-gallon barrels. Ap
proximately 100 gallons of water /200 sq. ft. was found to be 
satisfactory in most cases. 

In conclusion, I would like to say that our findings show 
that slow-release sources of nitrogen will supply nitrogen fo1· 
a three to four month period and result in growth equal to 
that of plants receiving water soluble materials. Soil mixes 
should be considered from the standpoint of economy, since 
cultural practices can be modified in orde1· to grow a good 
plant in most mixes. Winter protection should be in an air
tight structure in order to maintain a high relative humidity 
and, in the case of broad-leaved evergreens, some shading is de
sirable in order to reduce temperature fluctuations and trans
piration. 

MODERATOR MAIRE: Our next speaker, Mr. John Massot, 
is going to talk about quality in container production. He has 
been a nurseryman most of his life and was raised in the nur
sery business in France. He has been in Canada quite a num
ber of years, doing a good .iob of liner and general prod11ction 
in 1, 2, and 5-gallon cans. His nursery is in Richmond, B.C., 
only a couple of miles from here. John, will you come up now 
and tell us about quality in container production. 
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QUALITY IN CONTAINER-GROWN NURSERY STOCK 
JOHN MASSOT 

Massot Nurseries 
Richmond (Va1icouver), British Columbia 

Containe1· nursery stock is grown in an artificial manner 
in comparison with field-grown nursery stock and does, there
fore, require more attention at specific times in order to pro
duce a quality product, which will both sell and give satisfac
tion to the buyer. 

What 1 have to say on quality is more or less the fruit of 
our own experiences over the last 8 or 9 years. I will indicate 
what we are doing and why we are doing it. Climatic condi
tions have to be taken into consideration; therefore, keep in 
mind that our waJrs of doing thinks have been geared to the 
climatic conditions in Vancouver, B. C., which may not be cor
rect in a warmer, colder, or drier climate. 

We started growing nursery stock in containers 8 years 
ago with only a few thousand 1-gallon cans to our present 
volume of over 100,000. In addition, we also grow a fai1· vol
t1me in 21/4'', 3'', 4'' pots, 2 ga.llons and 5 gallons. We are not, 
by any means, a large producer of container-grown nursery 
stock, but we have always placed emphasis on quality and ,ve 
are constantly trying to improve our methods to produce a 
better product. 

I will divide my talk into two sections: (a) What you 
''must'' do and consider in order to produce a saleable product, 
and (b) What you ''may'' do or ''may not'' do, or consider. 
This second section will often mean the difference between a 

· .<Jaleable product and a quality product. 

(A) 

(B) 

What you must do 
1. Soil ... potting 

• mixes 
2. Container 
3. Liner 

an,d consider : 
4. Watering 
5. Fertilization 
6. Control of insects and 

diseases 

What you ma11 or· m,a11 not do, or con,<Jider: 
7. Pruning and 10. Winter protection 

pinching 
8. Spacing 
9. Weeding 

11. 
12. 

Supe1·vision 
Timing 

We have now a dozen points to consider; giving them all 
your best attention you must end up with a top quality prod
uct. On the other hand, you need to neglect or diregard only 
one of them and the result will most likely be a second or poor 
quality plant. 

1. Soil: Soil is most important, as we all know, and 
more so in container growing where the plant's roots must 
develop in a very limited volume of growing media. We 
a1·e usi11g the U. C. Mix system and a1·e satisfied with it. 
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The main components (peat moss and fine sand) are read
ily available in our area at a reasonable price .... which 
makes it even more attractive. At first we used a mix
ture of 50 % sand and 50% peat. Mainly to reduce weight, 
we changed later to 75% peat and 25 % sand. Results 
were excellent in both mixtures. Weight is always a prob
lem and we are still looking for a lighter mixture. 

2. Container: We mainly use metal containers which 
we like for their rigidity and easy handling. Some nur
serymen prefer plastic. Cost is often a factor. Color is al
so important. We had more winter· injury in black colored 
containers, which do absorb heat, than in silver colored, 
which reflect it. The container size must be proportion
ate to the size of the plant. Avoid containers with drain
age holes at the bottom as the roots will grow through and 
stop dra.inage. Large side holes are better. 

3. Liner: Always plant a strong healthy liner if you 
want a good product. The saying ''a poor colt will neve1· 
make a good horse'' is quite applicable to nursery stock. A 
good, strong, healthy liner is the main key for eliminat
ing losses and culls a.nd for producing a uniform crop. 

4. Watering: Watering is very important. It should 
not be overdone yet the plants should never be allowed to 
get bone-dry at any time. We use overhead sprinklers on 
a 4' riser every 30 feet. The water is turned on early in 
the morning or late in the evening, when the air is calm, 
for even distribution of water. We turn the water on for 
about 1 to I 1/2 hours every two days during the summer 
months and only when necessary in spring and fall. 

5. Fe1·tilization: Proper feeding is one of the most 
important factors in the production of container nursery 
stock. We find it expensive mainly because we still do 
it by hand, going from pot to pot. We tried feeding 
through the irrigation line but did not find it satisfactory 
because the different varieties of plants we grow do not 
all require the same fertilizer. 
Our fertilizer program is in liquid form, using 20-20-20, 
27-18-9, also 12-25-25, according to the types of plants and 
the season at the rate of 3 lbs. per 100 gallons of water. 
We feed about every three weeks from spring until fall. 
We tried several formulas of dry fertilizers supposed to 
last 3 to 6 months, which would lower our cost consider
ably, but so far none of them could effectively replace our 
regt1lar liquid feeding. 

6. Control of insects and diseases: Control of insects 
and diseases in container-grown nursery stock is essenti
ally the same as for field-grown stock. Constant control 
must be exercised in order to keep damages to a minimum. 

The 6 points above are essential in order to produce any 
kind of good, saleable, container-grown nt11·sery stock. The 
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following 6 points a1·e not as impor·tant as the first fo1· produc
ing a saleable product but are, in my opinion, essential, when 
you are trying to produce a quality p1·oduct. 

7. Prunin,q a1id pirichin,g: Plant a rooted cutting or 
a liner in the ground, give it enough 1·oom, keep it clean 
and feed it well and you have a fai1· chance that this plant 
will g1·ow and develop more 01· less according to the nat
ur·al habit of that particula1· plant. But when you plant 
the same 1·ooted cutting, 01· the same line1·, in a one-gallon 
can placed in a block of 500 or 5,000 and set close to each 
other you will not, in a great many cases, obtain a bushy, 
well-branched plant unless you prune it and pinch it as 
often as 2 or 3 times du1·ing one g1·owing season. Pinch
ing is one of the necessa1·y things to do for quality, the 
difference between a plant g1·own in a containe1· and 
pinched one, two, 01· th1·ee times du1·ing the growing sea
son and a plant which had not been pinched is often the 
the diffe1·ence between day and night, particularly with 
plants such as .iunipe1·s, cotoneaste1·s, pe1·nettyas, etc. 

8. Spaci1,ig: Spacing is almost as important as pinch
ing for such plants as the .iunipe1·s. Without the minimum 
of space they require they will ve1·y 1·apidly lose their nat
ural shape, which makes them att1·active and bushy. It is 
not always possible 01· economical to space every plant as 
they should be spaced. One example in our climate is the 
flowering shrubs. Space them as they should be and they 
will be flat on the g1·ound afte1· every windy day. 

9. W eecli1,ig: Weedy nt11·se1·y stock is never attractive; 
weed-free containe1·s do add conside1·ably to the quality of 
the product. We had a \Veed p1·oblem f1·om seeds blown by 
the wind over ou1· block of co11tainers. The best solution 
we found was to cove1· the surface of the potting mix in 
the container with a layer of app1·oximately 1/2'' to 1'' of 
fresh sawdust. The weed seeds do not germinate in this 
fresh sawdust, \Vhich eventually will decompose and serve 
also as a mulch. 

10. Wi1'ite1· p1·otectio1i: Depending on where the nur
sery stock is grown, winter p1·otection may or may not 
be necessary fo1· va1·ious species and varieties. We usually 
move back close togethe1· any nu1·sery stock which has 
been spaced du1·ing the g1·owing season and we cover the 
outside 1·ows with sawdust up to the top of the container 
to protect them from heaving and f1·eezing. We protect 
the mo1·e tende1· mate1·ial such as Jap. azaleas, camellias, 
aucubas, abelias, etc., by moving them inside shade houses 
covered with plastic. 

11. Supe1·visio1'l: Supervision is an important factor 
in the p1·oduction of quality nursery stock in containers. 
Too much supe1·vision may become expensive, but too lit
tle or no supervision can also prove to be very costly. In 
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many of the points mentioned before, supervision is al
most synonymous with quality in finding out quickly, and 
at the right time, what has to be done, and how it has to 
be done. 

12. Ti1ning : If timing is going to play a la1·ge part in 
the production of quality in container stock-as it really 
does,-it is also the big key to larger profits. If what has 
to be done in the production of container-grown nursery 
stock is not timed properly, you can be assured that qual
ity will be reduced as well as profits. On the contrary, if 
everything can be done at the proper time,- whether it is 
planting, watering, feeding, spraying or dusting, pinch
ing, spacing, weeding, and winter protection, you can be 
certain to harvest both quality and profits. 

MODERATOR MAIRE: Our next speaker comes to us from 
Washington State Unive1·sity at Pullman. He has been there 
for a couple of yea1·s in research and teaching and has been 
doing considerable work in the ornamental field. He has been 
in the nursery business all his life, most of the time in Minne
sota. He is going to talk to us this morning on soil tempera
tu1·e in container-growing. Dr. Charles Pfeiffer: 

SOIL TEMPERATURE CONDITIONS IN CONTAINER-GROWN PLANTS
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many of the points mentioned before, supervision is al
most synonymous with quality in finding out quickly, and 
at the right time, what has to be done, and how it has to 
be done. 

12. Ti1ning : If timing is going to play a la1·ge part in 
the production of quality in container stock-as it really 
does,-it is also the big key to larger profits. If what has 
to be done in the production of container-grown nursery 
stock is not timed properly, you can be assured that qual
ity will be reduced as well as profits. On the contrary, if 
everything can be done at the proper time,- whether it is 
planting, watering, feeding, spraying or dusting, pinch
ing, spacing, weeding, and winter protection, you can be 
certain to harvest both quality and profits. 
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'l'his paper defines prevailing soil temperature conditions 
of container-grown plants in Western Washington. 

MATERIALS AND METHODS 
The experiment was established at Briggs Nu1·sery, Olym

pia, Washington, on September 20 1966. The original design 
(Figu1·e 1) consisted of 2 plots of 100 containers of 1-year-old 
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16 recording air tempera.tu1·e at 16 inches above ground. 'l'her
mocouples were placed in each monitored container two inches 
in from the south side and five inches below the top edge of 
the container (Figure 2). Temperatures were recorded hour
ly. Plot 1 was covered with a polyethylene cover during the 
winter season to obtain 'che information regarding the varia
tion of soil temperature between covered and uncovered plots 
of cans. 

The first two-weeks data indicated the need for one addi
tional plot which was established on October 13, 1966. This 
plot was established as the others with the exception that a 
single layer of reflective foil (asphalt coated Kraft paper 
covered on both sides with aluminum foil), the height of the 
cans, was wrapped around the periphery of this group of cans. 

Thus a total of three plots were established. Plot 1 was 
covered with polyethylene, Plot 2 was left as an uncovered con
trol and Plot 3 was left uncovered but had a foil barrier 
around the periphery. 

RESULTS 
Temperature data for thermocouples (TC) located in the 

middle of each plot (TC 13, 14, and 15) we1·e no different than 
that recorded for the thi1·d row of cans (TC 9, 10, 11, and 12) 
in each respective plot. This observation held true through
out the investigation. Therefore, these data can be obtained 
by refe1·ring to plot temperatu1·es recorded for the third row 
of containe1·s. 

The data for November 2, 1966 (Figu1·e 3), a typical sun
ny fall day, illustrates the influence of solar radiation on soil 
tempe1·ature in the containe1·s. The greatest temperature 
fluctuations occur1·ed in the otite1· row of containers which had 
a southern exposu1·e (Figure 3 Control TC 3, 4, 7, 8, 11, and 
12). The magnitude of the temperatu1·e fluctuation was great
est in the outer row of cans but also carried over to the second 
1·ow. 

Early obse1·vation of this fact lead to the introduction of 
a third treatment with protective barrier around the periphery 
of Plot 3. The data (Figur·e 3 Barrier) illust1·ates how ef
fectively this ba1·1·ier reduced the magnitude of the tempera
tu1·e fluctuation on Novembe1· 2. It also tended to stabilize the 
temperature throughout the plot. As a consequence, all the 
containe1·s had a lowe1· soil temperature than the control plot. 

This winte1· was exceptionally mild. Seldom did the tem
peratures drop below freezing, but fou1· 1·ep1·esentative days 
we1·e selected to illust1·ate soil temperature observations (Fig
u1·es 4 and 5). Delineation of data for all TC locations was 
not done since temperature patte1·ns obse1·ved were similar to 
those previously desc1·ibed. Consequently, the remaining data 
compare container tempe1·atu1·es by 1·ows (TC 4, row 1; TC 8, 
row 2; TC 12, 1·ow 3). 

January 14, 1967 and Feb1·ua1·y 17, 1967 (Figu1·e 4) were 
cool, cloudy days, while February 15, 1967 and March 18, 1967 
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(Figure 5 ). w·e1"e 1'"e,pr:esentative of bright, sunny days. As 
shown i11 Figt1re 4, soil te·n1·pe1'".atu1"·e·s wer·e more unif 01w 
throt1gbot1t the p.Iots during co·ol, cloudy weather·. The c·ontrol 
plot was simi]a,:r to ai1" tempei,.ature·, but b•oth the covered and 
b:arrier plots were somewhat coole·r. 

Soil temp:erat.ure mea:surements showed a different p,at
te•r·n ·during bright -sunny weathe·r. The barrier t:reat1nent 
(Figure 5) wa.s not only e·ffective· in r·educing diurnal soil 
temperatiure fluctu·a.tio·n in the outer row,s .of ca.ns,, but it al.s·o 
r·esulted in a more uniform temp,erature acr·o,ss the: plot .. Tern-
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p,e1ratu1·e.s tende·d to be Iowe1t t h a n ir1 the othe1· t1··ea tments, ar1(i 
t he t emperature diff·erentia] vvit.hin the plo·t was. le,s1s. 

T.emp·e·r·atu r:e f luct lLlation in the control p l·ot on bri.gh.t 
da07s wa:s most ma,1"ke:d in the out.er· row o,f conta.ine1'"s. Alt.hough 
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t he containers in the in11e1· 1--ow were somewhat war·n1e1· than 
tho.se of the bar1·ier t1·eatn1ent, the difference.s were not great 
( 3-5 ° F. ) . 
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ed treatment exhibited a mo1·e uniform temperature across the 
plot (Figure 5). The heat trapping effect of the polyethylene 
may have caused the greater temperature fluctuations which 
were observed across the entire t1·eatment. Although diurnal 
temperature fluctuations we1·e great, there was less variation 
due to position of cans in the plot. The rate of temperature rise 
was somewhat slower in the covered plot compared to the con
trol plot (Figure 5), but the rate of rise and fall were similar. 
Thus both the bar1·ie1· and the covering tended to even out 
tempe1·atures across the plot. 

DISCUSSI10N 
Plants have the capacity to withstand very low tempera

tur·es when properly hardened (3, 5, and 6). However, it has 
also been shown that ha1·diness can be lost by even brief expo
sure to mild or high temperatu1·es (8). One of the most criti
cal effects of low tempe1·atu1·e on plants is the 1·ate of temper
atu1·e fall (10). Rapid changes in temperatu1·e can cat1se 
more in.jury than slower rates (1, 2, 3, 5, 6, 9, a11d 11). As a 
1·esult, tempe1·ature fluctuations may be a more c1·itical factor 
in plant survival than the frequency or degree of low tempera
ture. 

Roots (5, 11) a1·e more sub.iect to inJu1·y from low tem
peratu1·e tha11 eithe1· stems ( 1, 5) 01· leaves ( 5, 9). They are 
also more subject to inju1·y from 1·apid changes in tempera
ture (2,5). This suggests that inju1·y to containe1·-g1·own stock 
from temperatu1·e fluctuations may be greater to the root than 
to the rest of the plant. In this study, fluctuations in soil 
tempe1·atu1·e we1·e as great as, or greate1·, than ai1· temperature, 
particularly in the outside rows. 

The g1·eatest diurnal fluctuation in te1nperature occurred 
in the oute1·most rows, particula1·ly in those on the south side, 
,vhen the containe1·s were exposed to di1·ect sunlight. This is 
also where the greatest amount of winter in.iury or loss of 
plants occurs. When containers are p1·otected with a plastic 
cover, loss is found to be negligible. 

It is of inte1·est to note that the foil barrier resulted in as 
uniform a temperature th1·oughout the plot as a plastic cover. 
If tempe1·ature fluctuation was the primary cause of injury 
and plant loss, then less injury would be expected from a bar
rier than a plastic cove1·. Results of this study showed that 
the differences in tempe1·ature between containers at any 
given hour was 1·educed by a plastic cover even though diurnal 
fluctuations were greater than eithe1· the unprotected control 
plot or the plot p1·otected by the foil-barrie1·. 

These results as well as the 1·esults f1·om other studies on 
hardiness and inju1·y (2, 5, 6, 8, 9, and 11) question the prac
tice of covering plants with plastic to reduce injury. While a 
plastic cover may have other effects than those noted here, 
such as influencing evapo-transpiration 1·ates and/or recovery 
from low temperature inju1·y, an exterior foil-barrier such as 
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• used in this study appears to be 
ture fluctuations. 

superior at reducing tempera-

SUMMARY 
) 

Soil temperature conditions occu1·ring during the critical 
period for winter in.iury were studied. It was found that 
diurnal soil temperatures in the outer row of containers fluc
tuated greatly which would agree with injury observed to con
tainer-grown plants. While soil temperatures under poly
ethylene protection were as uniform as those with a foil barri
er, the diurnal fluctuation was as great as the control plot. 

A foil barrie1· showed less temperature variation within 
the plot and between plots than did other treatments. Therefore, 
if fluctuation of temperature is a critical factor, plants pro
tected by a foil ba1·rier should show less in.i ury. 
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MODERATOR MAIRE: I don't think I really need to intro
duce our next speaker. Everybody here knows him. He is in 
the nursery business 1·ight outside Vancouver, B. C., and has 
been for a long time. So, Walte1·, come up he1·e and tell us 
abot1t line1· production. Walte1· Van Vloten: 



FIELD PRODUCTION OF LINERS FOR CONTAINERS 

WALTER VAN VLOTEN 
Walte1· Van Vloten Nurseries 

Ha1iey, B,r,itish ColumlJia 

Our cuttings are rooted in a 100 x 15 ft. glass greenhouse. 
There are benches on both sides, leaving a wide center path 
so that a little carrier can go through for quicker handling of 
the flats. Unde1· the bench are 4 two-inch pipes for hot water 
heat. On top are plastic heating cables six inches apart; 
these are protected by l/4-inch strips, four inches apart. These 
strips also permit the heat to be more evenly distributed; 
they also contribute to better drainage. 

Our entire p1·oduction of cuttings is rooted in what we call 
''deep flats''; they are 12'' by 18'' and 31/:i inches deep. The 
bottom of the flat consists of four pieces so we have five 
openings where water can drain through. 

Our rooting mix is a light one, 50 o/o coarse sand, 30% 
yellow bulk peat and 20% coa1·se perlite. When the flats are 
filled with this mix, we then soak them in Panod1·ench, a me1·
cury-base material (2 teaspoons per 3 gallons of water). In 
addition, all the cuttings a1·e dipped in a Captan solution (6 
tablespoons per gallon). For the large cuttings we insert 120 
per flat. Junipers are wounded, but not the Thu,ias. Both 
kinds are dipped into Seradix No. 3, which is an IBA pow
der, 0.8 % . It takes 4 to 6 weeks to root these cuttings using 
bottom heat at approximately 70° F, with a good water soak 
every four to six days, depending on weather conditions. We 
try to keep the tops as dry as possible and, therefore, do not 
use our mist systems in winter. Summer cuttings are treated 
in the same way generally except we use more peat in the mix 
and use our intermittent mist system. Our mist installation is 
somewhat different from those I have seen in other green
houses. The main pipe, l/4 inch copper, runs on the back of 
the bench and the feede1· pipes, 1/2 inch copper, are gradually 
bent up so that the mist nozzles are in the middle of the bench 
about one foot above the cuttings. vVith this system we have 
no continual dripping on the plant which occurs if the main 
line is right above the cuttings; we also eliminate stand-up 
riser pipes which are always in the wa:')' when the flats are 
mo\'ed. 

After the cuttings sta1·t to root (that is, when we see the 
first root through the flat bottom) we move them to a finish
ing-off house. Here they start receiving mild feeding with 
a fish oil fertilizer (2-5-5) and a little Epsom salt (magne
sium sulfate) to keep them growing. 

In the meantime the growing fields are prepared as fol
lows: They are plowed twice, disced once, then three tons of 
lime, in the form calcium carbonate, pe1· acre are spread over 
the fields; this is rototilled in about six inches, the,n we add 
200 lbs. of magnesit1m sulfate, 100 lbs. of potassium st1lfate and 
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400 lbs. of 11-4-8 fertilizer per acre. This again is rototilled. 
After 14 days we harrow the land, so it is a little packed; 
otherwise it is too soft for the planting machine. As soon as we 
are ready to plant, a long (850 ft.) line is set out over the 
field. We use a double prism to make sure that we work at 
right angles. Under the tractor is a bar, which sticks out on 
the side and attached to this bar is a steel bar, which points 
down. This last one is movable and is put right above the 
line. The tractor, plus planting machine, is set precisely in 
line with this plant line and while the machine moves, this 
little bar is kept exactly above the line. This system works 
so well, that when we checked, after having planted 8 beds, we 
were not even one tenth of an inch off on a field 850 ft. long. 
The planting machine has handles on each corner to control 
the right depth of the planting wheel. We made side plat
forms to ca1·ry enough flats of stock to plant 850 ft. One man 
walks with the machine to determine if the wheels are giving 
the prope1· depth; he also supplies the gi1·ls with planting 
stock so we do not have to stop all the time. Empty flats a1·e 
put on the roof of the machine. The planting machine is cov
ered on all sides for protection against sun and wind. It takes 
us 1/2 hour to plant 3300 rooted cuttings and it takes another 
1/2 hour to bring the machine back, straighten up plants, fill 
in an odd plant which "''as missed and switch ove1· the plant 
line. So in 8 hours we plant approximately 25,000 plants. At 
the end of the day we put sp1·inklers over the new beds and 
give them six hours of water so they really get a good soak
ing. We irrigate these liners every 8 days, depending upon 
weather conditions. 

After about 14 days we start cultivating with a steering 
control cultivator. One man sits on the back, right above the 
plants and by steering a little both ways, keeps the cultivator 
blades from pulling out the plants. Providing this is done regular
ly, so the weeds are kept small, this machine does a perfect 
weeding job on our high organic soil. Three weeks after 
planting, we treat the planting with Casoron at 6 pounds of 
actual material per acre. Except for certain weeds as sour 
grass and clover, we have good to excellent weed control. The 
advantage of Casoron above Simazine iR that with Casoron 
we can keep on cultivating lightly. 

During irrigation we apply about 5 pounds of Epsom 
salt through the line as we have a magnesium deficiency in 
our soils. We do not side-dress the first season. In late fall 
we spray Simazine over all our evergreens to keep any weed 
seeds from germinating durinf the winter. In April and May 
of the second year the beds are side-dressed with a fertilizer 
attachment on the cultivator. We use 400 pounds per acre of 
12-4-8 with trace elements added. In May the fields are spray
ed with copper sulfate to control twig blight and other fungi. 
Our sprayer is a simple pump on the tractor power take-off 
with two 45-gallon drums on a platform attached to the three-
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point hitch. On the platform a boom is attached which covers 
three beds. We spray a Diazanon-Tedion mixture if we sus
pect aphids and red spide1· are present. In June we start 
pruning the _junipers heavily for the fi1·st time. In August we 
go through the beds again fo1· a light pinching to secure good, 
dense, two-year liners of the 10 to 18 inch sizes. In winter we 
do our digging with a heavy, unde1·cut, type digger, the sort 
which is extenE,ively used in forestry nurseries. It is a blade 
which is moved by the powe1· take-off and the plants are lifted 
out of the soil by bent-up steel bars. 

Plants so propagated are excellent fo1· putting in large 
containers for g1·owing as specimen trees. 

MODERATOR MAIRE: Thank you' Walter. 
Smith of Pitt Meadows, B. C. will speak to 
prodtiction of la1·ge t1·ees. M1·. Smith: 

Now Mr. Lloyd 
us on container 

CONTAINER PRODUCTION OF LARGE TREES 
LLOYD SMITH 

Pit Meadows, B1·itish Columbia 

In this discussion of large trees, we shall be refe1·ring to 
trees of two-inch calipe1· and la1·ger. Smalle1· ti·ees are easily 
handled bare-root in the dormant season and we are all famil
iar with container-grown tre,e·s in sizes from 5 to 15 gallon. 
The successful moving of very large trees, either bare-root 01· 
balled and bt1rlaped, during the dormant season, has been done 
for many years, so that we are not entering a new field. The 
increasing demand for large trees available for landscape de
velopment at all seasons of the year, prompted me to include 
large container-g1·own trees in my operation. 

Perhaps, ''Establishing Large Trees In Containers,'' 
would be a bette1· title, as most of our large trees are field
grown first. Howeve1·, as nursery stock planted in contain
ers and g1·own fo1· one or more seasons qualifies as ''contain
er-grown'', ou1· title may still be applicable. 

Our containers are constructed from one-inch rough cedar 
lumbe1·, metal-banded collapsible boxes. Loose bottoms drop 
in and are supported by cleats fastened to the bottom of the 
side pieces, and by the tape1· of the box. We find one-inch 
lumbe1· adequate for boxes up to 36 inches in diameter. For 
larger boxes we use two-inch lumber. For a few very large 
trees we have used four-inch decking. Collapsible boxes are 
easily stored and quickly assembled as used. Special tools for 
tightening the bands are readily available. 

Containers must be la1·ge enough for good root develop
ment. The 1·ule-of-thumb we have been using is a one-foot 
diameter container for each inch diameter of t1·ee. 

2'' - 2½'' ca.I. tree 24'' box 
21/2'' - 3'' cal. tree 30'' box 
3'' - 31/2'' cal. tree 36'' box 
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The planting medium we use is a U. C. type soil mix; 50 % 
sand and 50% peat. The fertilize1· incorporated in this mix 
is formula I (C), which supplies phosphate and potash with 
a moderate amount of nitrogen. This has given us excellent 
1·oot development but does 1·equi1·e supplemental feeding. 

T1·ees planted in containers during the winter months-
01· early spring-are fed afte1· good 1·oot action has commenc
ed, or about the time new leaves are forming. We feed a bal
anced dry fertilize1· and water it in. Soil mixes and fertili
ze1· fo1·mulas are taken from the University of Califo1·nia 
Manual 23, ''U. C. System Fo1· 'Producing Healthy Containe1· 
Grown Plants''. (Available for $1.00 from Agricultural Pub
lications, Univ. of California, Berkeley). 

A lighter mix would have some advantages. We have 
been thinking of using bark, and intend to wo1·k with it next 

• sp1·1ng. 
Insect pests on container trees 'have been easily controll

ed with the UE',e of g1·anula1· Di-Syston applied in the early 
spring. Due to the limited root area, less material need be 
used than would no1·mally be required fo1· the same sized t1·ee 
in the field. 

W ate1·ing la1·ge t1·ees in containe1·s is one of the greatest 
problems. We found sprinklers unsatisfactory and have done 
it all by hand. Large, boxed trees use a lot of water on a hot, 
windy day. Our schedule is to water heavily by hand every 
day during hot weat.her, skip a day on some material duri11g 
cooler weather, then twice a week later in the fall when the 
t1·ees a1·e becoming do1·mant. then occasionally, dt1ring the 
winter as the weathe1· indicates. An automatic system of 
tubes with individual spray heads for every box, calibrated to 
the size of the box would ce1·tainly reduce the cost of hand 
labour, but I doubt would do as good a job as a skilled ''wate1· 

• • 
g1 rl''. 

Containers up to 24-,inch in diameter are moved and 
loaded by two men; large1· ones, up to 36-inch diameter, we 
lift with the front-end loader of an ordinary farm tracto1·. 
Larger boxes require heavy equipment for moving and load-
• 1ng. 

The successful p1·oduction of good container trees 1·equi1·es 
careful attention to a numbe1· of factors. 

(a) Use 011ly healthy trees with a good root system
trees that have been carefully grown and 1·oot prun
ed during their development - or - container-grown 
trees that have been regularly moved upward in con
tainer sizes to avoid cramped or girdled roots. 

(b) Always use adequate container size fo1· proper roo1: 
development. 

( c) Provide careful wate1·ing at all times so that the t1·ee 
11eve1· dries otit 01· even suffer·s from lack of wate1·. 
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(d) Grow the tree in the container for one growing sea
son, or a minimum of three months, before moving 
it onto a job. 

(e) Never grow a tree more than two years, or two grow
ing seasons, before moving it to a larger container. 

There is no limit to the size of a tree that can be boxed 
and moved; limitations are with equipment, restrictions with 
overhead wires, or the willingness for someone to pay the cost. 
Trees up to five- and six-inch caliper present no great prob
lem in boxing and delivering on the site. 
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THURSDAY AFTERN010 1N SESSION 

September 7, 1967 

VICE-PRESIDENT TICKNOR: Our first session this after
noon will be on seed production of plants and will deal pri
marily with forest tree species. Our first moderator will be 
Mr. Ralph Jack of the Sierra Falls Nursery and Christmas 
Tree Farm, Silverton, Oregon. Mr. Jack, will you start this 
afternoon's program? 

MODERATOR JACK: Our first speaker is Professo1· of For
estry, University of British Columbia, Vancouver, B. C. I 
would 110w like to prese11t Dr. Philip Haddock: 

THE IMPORTANCE OF PROVENANCE IN FORESTRY 

PHILIP G. HADDOCK 
Faculty of Fo1·est1·y, U11,iversity of B1·itisli Colu1nbia 

V a1icouve1·, British ColumlJia 

In order to be mo1·e certain of not being misunderstood, it 
is necessary to risk boring you by defining ''provenance'', at 
least as ] intend to use the word. In forestry, it refers to the 
geographic origin of seed, or according to Callaham (1964) 
''the population of trees growing at a particular place of ori
gin, and Wright ( 1962) ''the 01·iginal geographic source of a 
lot of seed ( 01· pollen)." The term p1·ovenance should be re
stricted to the more or less precise origin of the naturally de
veloped ( ''in situ'') population from which the seed is di1·ect
ly derived. We need to recall that the phenotype, in contrast 
to the genotype, is what we have to deal with as our product. 
It is always the result of the reaction between the genotype 
and the environment. Failure to understand and appreciate 
this fact has been the cause of great misunderstanding, many 
erro1·s in p1·actice and much financial loss. It is probably un
necessary to stress these elementary matters to a group such 
as this, but perhaps the special nature of forest crops war
rants some risk of repetition since some of you may not be 
familiar with the history of forestry and some of its special 
problems. 

Callaham ( 1964), Lang let ( 1963), Lines ( 1965) and 
others have traced the historical background to the problems 
and nature of research in geographic variation in forest trees. 
These studies date back for almost two hundred years (Duf
field, 1962). Pe1·haps educators and others not principally 
involved in this specialized research field may be as much at 
fault as any in the failure to recognize sufficiently the signif
icance of within-species ge·netic variation. It would seem that 
practitioners have relied too greatly on the relative uniformi
ty of mo1·phological featt1res used by taxonomists to distin-
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guish between species and varieties. and too little upon the 
demonstrably different but less conspicuous or less easily 
measured characteristics such as general physiology, phen
ology; particularly dates of bud setting and flushing; cold, 
heat, and drought resistance; susceptibility to insects aJ?-d dis
ease, growth form and wood quality. In fact, it may be true, 
as Langlet ( 1959) suggested, that ''taxonomic subgroupings 
are then not only valueless (Langlet, 1934), but downright 
harmful ( Huxley, 1939), since they suggest a non-existent 
homogeneity within conventional units which are in reality 
mere abstractions." 

A related view is expressed and called to the attention of 
foresters by Duffield (1965) in his quotation from Ernst 
Mayr's work, ''Animal Species and Evolution'', to the follow
ing effect: 

'' ... All organisms and 01·ganic phenomena are compos
ed of unique featu1·es and can be described collectively on
ly in statistical terms. . . Averages are merely statisti
cal abstractions; only the individuals of which the popu
lations are composed have reality ... For the typologist, 
the type is real and the variation an illusion, while for the 
populationist the type is an abstraction and only the va1·
iation is real. No two ways of looking at nature could be 
more different. . . The replacement of typological by 
population thinking is perhaps the greatest conceptual 
revaluation that has taken place in biology." 

In the clear-vision of hind-sight, we may recognize that 
some of our mistakes have probably been due to this outdated 
typological thinking. Doubtless, we may conclude that, espe
cially in species of such great geographic range as Scots pine 
(Pi11.us sylvest1·is L.) and Douglas fir (Pseiiclotsuga menziesii 
[Mirb.J Franco), taxonomy has notably failed to serve silvi
culture effectively (Haddock and Sziklai, 1966). When sci
entists have disagreed or failed to perceive certain principles 
clearly, it may not be quite fair to blame now obvious mistakes 
on practicing foresters who should have known better. The 
1·easons for our mistakes in the past have been many and var
ied and there is little. poi11t in dwelling on them at length, but 
in recollection they may serve as horrible examples to be a
voided in the future at all costs. 

The long rotations in forestry, common especially in the 
past, have prevented prompt evaluation and recognition of 
both the serious and less serious errors. The time factor has 
also been partly responsible for certain inadequacies in rec
ords and commt1nications caused by changes in personnel, the 
inter1·uptions of wars, fi1·es, and all the other disasters that 
can befall hopefully long-lived plantations. It should also be 
recalled that foreste1·s first observed some of the effects of 
p1·ovenance before the time of Darwin and Mendel (I,anglet, 
1963), and that European forestry practice was well develop
ed befo1·e the 1·ediscove1·y of Mendel's La,vs by geneticists 
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around the tu1·n of the centu1·y. However, limited knowledge 
of forest tree physiology and the environmental sciences, as 
well as of genetics, combined with poor communiciatio11s be
tween botanist a11d fo1·este1·, scientist and field man, have 
compounded the p1·oblem-ancl of course still hampe1· ou1· prog
ress. 

One example may ::uffice to illust1·at.e the magnitude of 
some of the losses rep1·esented by classic failures to consider 
p1·ovenance seriously. Fa1·nswo1·th (1967) quotes a statement 
made in a pape1· p1·esented by P. Bouvarel at the Sixth World 
Forestry Cong1·ess in Spain in 1966 as follows: 

'' ... it is evident that the failure 01· low productivity 
of certain reforestation prog1·ams are due to errors in the 
choice of seed. To quote one example among many, be
tween 1870 and 1910 in F1·ance more than 50,000 hecta1·es 
were planted with Scotch pine of poo1· 1·ace. The saving 
achieved on the cost of the seed, expressed in p1·esentday 
values and capitalized up to 1960, 1·epresents 350,000 
francs, against a loss in income, as compa1·ed with what 
would have been obtained with pine of good 1·ace (a great
er quantity of better grade timber) of more than 300 
million francs." 

It is clear then that provenance is an economically im
po1·tant question in forest1·y, and has been for a long time. 

An illustration of its immediate p1·actical impo1·tance is 
found in the prog1·am repo1·ted by Schmidt ( 1967) in
volving a comprehensive p1·ovenance study in Douglas fir by 
the British Columbia Forest Service. We must know more 
about how far seed can be moved. since due to frequent cone
crop failu1·es, especially at the· highe1· elevations now being 
logged, "'e cannot al"'a.}'S tise local seed in 1·efo1·estation. Othe1· 
1·ecent references involving questions of p1·ove11ance in this 
region include those of Ching (1965), Chi11g and Bever (1960), 
Silen (1966) and Douglas.s (1965). 

P1·ovenance questions are a part of the growing research 
effo1·ts in fo1·est genetics and tree imp1·ovement now gaining 
Jong-needed 1·ecognition. Duffield ( 1962) stated: 

''The 1·apid extension of t1·ee improvement activities a11d 
fo1·est genetics 1·esearch marks a maJor tu1·ning point in 
the development of forestry. It marks, even more clearly 
than the increased inte1·est in reforestation, the t1·ansi
tion from the exploitative to the productive phase in for
estry. It is a development as significant in the history of 
forest1·y as the change from hunting and gathering to 
fa1·ming and herding in the histo1·y of our species.'' 

Some time ago Wakeley (1954) 1·ecognized the crucial 11a-
tu1·e of provenance research when he wrote: 

'' ... The inescapable conclusion is that selections and hy
brids must be made separately, 1·egion by region, ,vithin the 
f1·amework of geographic races. To the extent that this 
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is true, provenance studies designed to identify such r·aces 
and define their territorial boundaries are fundamental 
to other phases of tree improvement." 
The use of the term ''1·ace'' raises problems such as wheth

er or not certain recognized va1·iation in populations is con
tinuous or discontinuous. To explore this question is beyond 
the scope of my paper. Pet·haps it is sufficient to n<>te that as 
Burley (1965) concluded, concepts of clinal and ecotypic var
iation are not mutually exclusive. 

In British Columbia, in matters of tree improvement re
search, early interest centered on the most valuable and tra
ditionally useful tree in our trade, the Douglas fir (Pseudot
suga menziesii [Mirb.J Franco). Although questions of pro
venance are still many and we need much more knowledge, 
(Schmidt, 1967), tree improvement work has been well start
ed in some regions of the province through intensive selec
tion of individual supe1·ior phenotypes, progeny testing, con
trolled pollination, vegetative propagation, individual and 
species hybridization, and seed orchard development (Orr
Ewing, 1966), Sziklai ( 1964). Doubtless, provenance limita
tions will affect the usefulness of many of the improved forms 
we can expect to come from this research. 

Lines ( 1965) has recently p1·epa1·ed an excellent general 
summary of the provenance topic to which I can refer you for 
mo1·e information of an historical nature. He notes that many 
countries have passed legislation aimed at controlling the im
portation of tree seed so as to assure good quality and accurate 
knowledge of origin (i.e. p1·ovenance). Lines concluded that 
it pays to spend up to fifty per cent more for better seed. 

We are only just now getting around to facing the issue 
of' seed certification in western North America. Undoubted
ly, we need better seed regulation, and perhaps some legisla
tion, but it is also t1·ue that wise legislation has been hinder
ed or made impossible by insufficient knowledge of the pro
venance field in many if not all of our important forest tree 
species. Recent developments in this important aspect of the 
provenance question have been reported by Farnsworth 
(1967) and Rudolf (1966). 

I will outline some of the things we do and don't know 
about provenance in relation to some of our local species. 
Much of this is the outgrowth of the use of our species as 
exotics in various parts of the world, but especially in west
e1·n Europe. 

As a consequence of experience, foresters have evolved 
the rule of thumb, ''local seed is best'' (Duffield, 1962). In 
many situations we are still following this esse11tially very 
conservative rule, but in the light of more recent studies, es
pecially in Europe, we have felt it necessary to test the validi
ty of this rule and of course the use of exotics implies that it 
is not necessarily valid in a great many cases. For many 
years now, the value of North America11 species and the im-
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po1·ta11ce of provenance in thei1· use have been increasingly 
recognized by European foresters. lin fact, very recently, 
members of research organizations have made expeditions to 
the Pacific Coast fo1· the purpose of making their own accur
ately-cont1·olled collections of forest tree seed, sometimes even 
going to individual seed tree collections for purposes of re
sea1·ch. The ice age left Europe without a rich coniferous 
tree flora, so that exotics from western North America are 
now much sought-after. Because of their wide distribution, 
climatic adaptation, growth habits, excellent wood properties 
and freedom from serious diseases, some of the most desired 
species are: Sitka spruce (Picea sitcherisis [Bong.] Carr.), 
Douglas fir (Pseudotsuga menziesii [Mirb.J Franco), and 
lodgepole pine (Pinus conto1·ta Doug!.). 

Some others, such as western hemlock (T,<5itga hete1·op}iylla 
[Rafn.J Sarg.), western red cedar (Thuja plicata Donn ex D. 
Don.) , and grand fir ( A bies g1·a1idis [Doug 1.] Lindi.) are also 
of interest, but are imported as yet largely on an experimental 
scale. 

Sitka spruce is one of the most valued species and is used 
extensively by the I<'orestry Commission in Great Britain. It 
is also planted to a lesser extent in Ireland, Scandinavia, and 
Ge1·many. It has been established that cold injury in the 
species is p1·incipally a problem of provenance (Haddock, 1966 
citing Robak). Other evidence supports the importance of 
seed 01·igin in Sitka spruce, and for some years the Queen 
Charlotte Island seed source has been sought for plantations 
in the colder areas of northe1·n Eu1·ope to which the species 
is adapted. However, such broadly designated regions are no 
longe.r considered adequate. Increased attention is being di
rected to more precise pro,,enance designations, because of 
the great topographic and associated climatic and edaphic 
variation in the environment. These factors are believed to 
have shaped the evolution and development of locally, geneti
cally different populations over long pe1·iods of time (Burley 
1965, Haddock 1966, and Haddock and Sziklai 1966). 

Douglas fir was introduced more than a century ago to 
Europe by David Douglas. It is more demanding of soil than 
Sitka spruce and is also not so resistant to wind, so has found 
less general usefulness in Great Britain, but it is in great de
mand on the continent. Observers have long recognized that 
Douglas fir can be broadly divided into two major popula
tions, sometimes given taxonomic status. These are variously 
known as the coast, ''vi1·idis'', or ''green'' Douglas fir, and the 
interior, ''glauca'' or ''blue'', Douglas fir. Intermediate forms 
from the so-called ''wet belt'' of the Columbia Forest Region 
of interior British Columbia a1·e of special interest to fores
ters in eastern Eu1·ope, whereas the coastal populations are 
those best suited to western Europe in general. The slow
growing, disease-p1·one continental, interior origins, especi
ally those from the most arid sections, are of little interest 
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and utility as exotics anywhe1·e. In pa1·ts of Great B1·itain, 
The Netherlands, France, and Denmark, provenances of Doug
las fir from western Washington have long been preferred. 

Recent studies in No1·th America are now recording in 
mo1·e detail the g1·eat variation which exists in Douglas fir 
both within small geog1·aphic a1·eas and over the 1·ange as a 
whole. 

Mo1·e recently, inte1·est i11 lodgepole pine has inc1·eased 
and the c1·itical importance of p1·ovenance in this species 
is being recognized. -The coastal populations, known gen
e1·ally as shore pines, have been given varietal status by tax
onomists, but the va1·iation in populations within this form 
has been proved to be of much silvicultural significance, 
(Roche 1962, 1963, Lines 1966, Feilberg 1964, Haddock 1966). 
The species has been widely planted in Ireland and in Great 
Britain, as well as less extensively elsewhere in Europe, and 
the so-called ''green'' 01· coastal form (shore pine) has also 
been planted in New Zealand (Duff, 1966), whe1·e it is super
ior to the interior populations. In Great B1·itain and Ireland, 
shore pine represents the prefer1·ed group of provenances, 
whereas further east and north more continental provenances 
p1·ove superior. In Great Britain and Ireland, an extensively 
imported provenance of the coastal population has been prov
ed to be inferior to other coastal provenances, at least on some 
sites (Aldhous, quoted in Haddock, 1966). However, mt1ch 
more research is needed before the full possibilities for this 
species can be realized (Hagner, 1967). 

I must mention ~l sub.iect p1·obably of greate1· interest to 
some of you than ,vhat has been covered so far. Christmas tree 
culture is a bit of a no-man's land between the horticultu1·ist 
and the fo1·ester. Fo1· many yea1·s the concept in this pa1·t of 
the world was that Christmas t1·ees were to be g1·own on the 
poorest sites whe1·e t1·ees, mainly Douglas fi1·s, would be suit
ably bushy due to slow height growth with short internodes. 
Recently, this concept, long out-of-date elsewhe1·e, has been 
challenged here. At the same time, an even more deeply-root
ed prejudice against exotics is being questioned. Plantations 
of Scots pine (Pi1·ius sylvestris L.) have been established for 
many years on an extensive scale in eastern North America, 
particularly in the Lake States and Ontario, where it is in
creasingly grown for Christmas trees. In fact, it is probably 
no news to those of you here that this species has replaced 
Douglas fir in many areas and is now the single most widely
used Christmas tree species in the United States! Explana
tions for this may vary, but in other species as well as in this 
one, the aim now seems to be to use good sites and the best 
seed from properly chosen provenances or even particular 
genotypes suitably adapted to the proposed growing site, with 
high quality trees assured by additional appropriate cultural 
practices. 

As indicated by the studies of Douglass ( 1966, 1967) 
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Douglas firs and Scots pines are being grown rapidly on good 
sites with cultural practices such as pruning and shearing and 
when the appropriate provenances have been selected, valu
able t1·ees may be grown quickly (Douglass 1965, 1966, 1967). 

The variation between and within Scots pine provenances 
has long been studied in Europe and documented there and in 
the United States by a numbe1· of worke1·s (Langlet 1959, 
1963, Wright and Baldwin 1957, Dot1glass 1965). Douglass, 
as many of you know, has evaluated Scots pine provenances 
grown in Olympia and has also p1·ovided 1·ecommendations for 
Douglas fi1·, Scots pine, and sho1·e pine seed origins, and has 
provided instructions for cultural practices applicable in the 
Pacific Northwest. He concluded that ftiture provenance 
testing in this 1·egion for Ch1·istmas trees should concentrate 
on the seed origins of Scots pine from southern Germany, 
France, and Spain. These appear to be the most promising 
here in respect to color, growth rate and form, and in adapta
bility to shearing. 

In conclusion, the role of provenance and its importance 
in forestry are certain to increase in keeping with the growth 
of artificial regeneration in forestry practice and as an ac
companiment to accelerating and more intensive research prog
rams in forest genetics and forest tree breeding. 
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MODERATOR JACK: Our next speaker is Dr. Geo1·ge S. Al
len, Forest Research Laboratory, Victoria, B. C. He will speak 
to us on the important topic of stratification of tree seeds. 
Dr. Allen. 
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STRATIFICATION OF TREE SEED 
G. S. ALLEN 

1''1·ee Biology Section, Canada Dept. of Fo1·est1·y 
Victo1·ia, Br·itish Columbia 

Str·atification of seed that is otherwise difficult to ger·
minate is a very old practice, probably pre-dating most of our 
agriculture and fo1·estry texts and handbooks. It is an art de
veloped from observation, experiment, and experience. To 
date it is not strongly science-based although its effects \\'ill 
undoubtedly be explained in due course in terms of removal of 
specific blocks to ge1·mination-the ultimate goal of the seed. 

Stratification is one of a number of t1·eatments common
ly used to ove1·come seed do1·mancy. Such include the use of 
light or othe1· radiation'. the use of va1·ious chemicals such as 
thiourea, nitrates, ethylene gas, citric acid, and gibberellin, 
soaking in hot water and acids and many others. Some of 
these appear to be interchangeable. In partic11lar, stratifica
tion can substitute for the others in many instances. 

The suggestion has been made and generally accepted 
that the course of germination may follow one of several path
ways, that blocks may be present in one or more, and these 
may respond to different kinds of treatment or be by-passed 
(E. H. Toole, 1961). Stratification-usually cold, sometimes 
warm, and sometimes a combination-1·esults in a by-passing 
of other 1·equirements and presumably of the 1·elated blocks. 

It may be fortuitously, 01· more likely through long and 
1·igorous selection, that many woody plants have acquired a 
system of alternative pathways from dormancy to germina
tion. Whatever the cause, the process probably favors survi
val of the wild species. It takes care of some of the vagaries 
of seasons and environments to permit eventual germination 
and initial establishment under a variety of adverse or unusu
al conditions. Such conditions would probably often be un
suitable for seed provided ,vith only one 1·oad to germination 
and one block that hacl to be broken down for germination to 
take place. 

What is st1·atificatio1i? 
Usually stratification implies a cold, moist treatment of 

seed for periods of a few days to as long as several months. 
The term is also used, however, to include a moist treatment 
at any temperature that will not normally cause germination. 
Thus, Mahlstede and Habe1· (1957) include both cold and 
wa1·m treatments as well as the combination of cold and 
warmth used to overcome so-called ''double dormancy''. In 
the Woody Plant Seed Manual (U. S. Forest Service, 1948) 
also, the terms ''cold stratification'' and ''warm stratifica
tion'' are both used. 

Va1·iations in actual p1·actice a1·e several. What may be 
the original system of placing seeds between layers of moist 
sand 01· othe1· medium in a pit in the ground, is still used, 
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probably fai1·ly commonly. Instead of being buried outdoo1·s, 
the seed may be layered in a container placed in refrigerator, 
cold room, or root cellar. Often the seed is mixed with a moist 
medium, rather than layered, and placed in a rigid container 
or polyethylene bag and ref1·igerated. 

Another modification is to pre-soak the seed, then dry 
its surface and place it in vials, .iars, or plastic sacks. Mahl
stede and Haber (1957) suggest that small lots of seed can be 
mixed with moist, sh1·edded sphagnum moss and placed in a 
polyethylene bag at 41 °F. Large lots of conife1· seed can be 
st1·atified in cotton sacks separated by wet medium into layers, 
in barrels p1·ovided with good drainage (U. S. Forest Service, 
1948). Any la1·ge-scale ope1·ation requi1·es frequent checking 
of tempe1·ature and moisture conditions around the seed. Fine 
seeds have been placed between app1·opriate cloth material 
which is alte1·nated with layers of stratification medium such 
as sand, peat, or vermiculite (Mahlstede and Haber, 1957). 

What cloes st1·atif·ication do? 
Cold stratification is thought to break at least some forms 

of internal dormancy; that is, to 1·emove or circumvent physi
ological blocks to necessa1·y processes 01· events leading to ger
mination. Little is known as to the natt11·e of the blocks 01· 
even the processes, although some of the changes that take 
place have been determined (see, for example, Baldwin, 
1942; Barton and B1·ay, 1967). Such changes must be pre
ceded by activation of approp1·iate enzyme systems that direct 
metabolism along a successful pathway. Such changes may 
involve modification of substrates 01· removal or change of 
toxic or inhibitory materials, as well as acti,,ation of an 
enzyme system (E. H. Toole, 1961). 

On the other hand, warm stratific~ition, usually in com
bination with a cold pe1·iod, is used to make the seed coat per
meable for effective cold st1·atification to follow. Othe1· treat
ments commonly used as alte1·natives to warm stratification 
include soaking in hot water 01· st1·ong acid, and sca1·ification 
of the seed coat. Stratification is often favorecl as the more 
natural method, p1·obably Jess hazardous to both seed and user 
and adaptable to both small- and large-scale operations. 

An interesting application of stratification by Hagner and 
Simak (1958) resulted in the further development of imma
ture embryos of Pi1·ius cemb1·a. The best treatments involved 
the use of moist vermiculite at about 5°C. with the seed placed 
on its s.urface, embedded in it, or mixed with the medium. 
Ove1· a 5-month period, some embryos grew from less than 
half to almost full seed length. Such a technique may have 
considerable value for fa1·-no1·th or high-elevation species or 
races whose seed often does not develop fully. Incidentally, 
Hagner and Simak used x-1·adiog1·aphy to follow embryo de
velopment in individual seeds du1·ing t1·eatment. They advo
cate use of the x-1·ay technique to diagnose immaturity of the 
kind reported. 
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Natu1·al basis /01· stratification 
H. I. Baldwin (1942), in his near-classic Forest Tree 

Seed, stated ''Knowledge of the prope1· pretreatment to induce 
prompt and complete germination can best be gained by a 
study of the ecological facto1·s affecting the seed in its nat
ural habitat between the time of maturity and germination. 
With rare exceptions this has not been done. . . . . . . many 
things can be learned from a careful study of the life history 
of a seed''. Baldwin's statement still holds after 25 years 
even though we have added to the species and varieties we 
can successfL1lly treat to make them germinate. Many seeds 
still pose problems; such include sweet fern, the euonymuses, 
some hollies and honeysuckles, yews, Califo1·nia nutmeg and 
others (Mahlstede and Haber, 1957; U. S. Forest Se1·vice, 
1948). 

Very often, observations of seed behavior in field or nu1·
sery suggest whethe1· stratificatio11 is desirable 01· necessary. 
Black cottonwood seed, fo1· example, matu1·es and is dissemin
ated in early summer and germinates almost immediately 01· 
perishes. Willows are simila1· and so is suga1· maple. Seeds 
having these cha1·acteristics are not likely to benefit from 
·st1·atification 01· othe1· t1·ea1:ment, but should be sown as soon 
as collected. 

Western b1·oadleaf maple. on the other hand, matu1·es and 
drops its seed in late autumn; germination occurs the next 
spring. Seed with such characte1·istics usually responds to 
stratification if sown in sp1·ing, 01· to fall sowing if not treat
ed. 

A fairly la1·ge nL1mbe1· of species, particula1· trees and 
shrubs, produce seeds that ge1·minate irregularly over a per
iod of two, th1·ee, or even fou1· years. If sown in the late fall 
they may germinate mainly in the second year; if sown in 
summer they may germinate well the next spring. If we know 
this from experience or observation, we can be fai1·ly certain 
that such seed requires compound stratification, that is, 
warm followed by cold. Temperatures commonly used during 
the warm treatment are 68-86°F. alte1·nating ( 16 and 8 hou1·s, 
respectively). Some, but not all, of this group drop thei1· 
mature seed in summer when it is exposed naturally to a pe1·
iod of ''warm stratification'', then to one of cold. Examples 
of species whose seeds generally 1·espond to double or com
pound stratification include (U. S. Forest Service, 1948) : 
basswood or linden ( Tilia americans), the ashes (F1·axi1ius 
excelsio1·, F. nigra, and others), Eastern red cedar (Junipe1·
us virginiana), hawthorns (C1·ataegus spp.), American 
mountain ash (S01·bus a1nerica1ia), dogwoods (Cornus spp. 
except C. 1·iuttalli), cotoneasters. Western white pine is re
ported to 1·espond to compound t1·eatme11t: 30 days at 24 °C. 
followed by 30 days at 2-5°C. was most effective (Anderson 
and Wilso11, 1966). 

Many kinds of seeds a1·e clissemi11ated in the fall 01· ea1·ly 
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winter, lie exposed for seve1·al months, and germinate more 
or less completely the following spring. Such seeds respond 
well to simple cold stratification if spring sown; if fall sown 
they rarely require treatment.. Many north temperate coni
fers are in this group. Although deep dormancy causing one 
or more full years' delay in germination is not characteristic 
of them, spring sowing wi·thout pretreatment usually leads to 
prolonged germination over the first season and a consequent 
lack of uniformity and often a high cull factor in the case of 
nursery stock. For this reason, most fo-rest tree nurserymen 
practice st1·atification for some, if not all, of their species. 

It is interesting to note that of some 80 groups of trees, 
mostly genera representing several species, cited by Mahl
stede and Haber ( 1957), over 50 require cold stratification 
if spring so,vn, but 39 of those 1·equire no treatment if fall 
sown. Nine requi1·e double stratification and two respond 
to warm stratification alone. 

Ecological sig·1iificance of a st1·atification ·1·equire11ient 
A numbe1· of authors have noted that geographicall)' dif

ferent sources of a species tend to have different germination 
requirements. Thus, Fowle1· and Dwight (1964) and Merge11 
(1963) found that seeds of Pinus st1·obus from southern 

sources required longer st1·atification than did seeds from 
northern sources. A generally compa1·able behavior seems to 
be true also for Douglas fir (Allen, 1960, 1961). 

Noted many times is the fact that outdoor overwi11ter
ing (''natural stratification''), or cold stratification, lowers 
the temperature required fo1· germination by as much as 20° 
C, perhaps more. Such a mechanism serves to prevent ger
mination during mild weather in fall 01· winter and to favo1· 
germination in the spring as soon as soil temperatures rise 
somewhat above freezing. This kind of response prot.ects 
effectively against p1·emature germination at a time when 
killing temperatures can still occur. Although it has no di
rect value as a protection against a severe drought follo"1ing 
hard on germination, it favors early ge1·mination and estab
lishment while soil moisture is still adequate; thus it probab
ly has indirect protective value against d1·ought most years. 

Because naturally ''strat.ified'' seed has a n1uch lower 
temperature requi1·ement for germination, ecological studies 
that use spring-sown seed, unt1·eated after dry storage, a1·e 
likely to produce results that are difficult 01· impossible to 
interpret and apply to situations tha'c actuallJ' occur in na
ture. 

Technique 
Most of the following 1·ema1·ks a1·e based on experience 

with seed of western conifers, particularly Douglas fir. They 
are probably applicable in principle to many seeds that re
spond to cold stratification. 
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Various media have been used, as well as no medit1m, 
that is, so-called ''naked stratification'' (Allen and Bient.ies, 
1954). The latter consists of soaking the seed in water for 
a st1itable time, removal of surface moisture by towelling 01· 

air-drying, and storage in loosely closed vials, bottles, or poly
ethylene bags. 

Use of a n1edium provides a rese1·voir of moistu1·e and 
probably helps to prevent heating. The disadvantage is that 
the medium and seed will likely have to be separated prior to 
sowing by mechanical means. With no medium, the seed is 
usually surface-dry at the end of stratification; sowing is 
easier. With or without a medium, periodic examination is 

. desirable to ensure that moistu1·e and ae1·ation are a<lequte. 
With Douglas fir, presoaking of the seed for 24-30 hours at 
room temperatu1·e b1·ings its moistu1·e content up to 60-70 pe1· 
cent (o.d.w. basis). Ove1· a period of two or three months 
this will drop to 30-40 per cent. Within this range, stratifica
tion has proven fully effective, but not at lowe1· moisture 
contents. Ln a study of loblolly pine, MacKinney and McQuil
kin ( 1938) found that peat 01· sand wetted to 25, 50, 75, and 
100 per cent of thei1· moisture-holding capacities, were all 
equally effective in hastening ger•mination. Such suggests 
that moisture limits may be quite broad and non-critical. par
ticularly when a medium is used. 

Some other characteristics of stratified seeds 
Duration of the cold stratification treatment used depends 

partly on the ob.iective of treating the seed. For testing at an 
optimal temperature, a relatively short period may be quite 
satisfactory. But the longer the t1·eatment, the lower ,vill 
be the temperature at which a give.n fraction of the seed will 
germinate. Hence, for field or nursery use, longer treat
ments more closely simulating natural overwintering may be 
selected. 

In the case of Douglas Fir and the true firs (Abies spp.), 
for example, after extended stratification, many of the seeds 
will germinate near the freezing point and the radicles will 
continue to grow at that temperature (0-2°C.). Such behavio1· 
has been reported for a number of plants including grasses. 
After natural ove1·wintering .iust below the soil surface, 
Douglas fir seed germinates in February or early March in 
this climate (Vancouver, B. C.) when near-surface soil tem
perature is about 10°C. or less. But no shoots appear above 
ground until daytime soil temperatu1·e is about 15°C. -a rel
atively ''safe'' temperature. Hence, the ea1·ly germination or 
establishment resulting fro•m fall sowing ( or stratification if 
seed is sown early enough) n1ight go unnoticed or be under
estimated. It is doubtful that the alternatives to cold strati
fication have such marked effect upon the temperature re
quirement for ge1·mination. 

Experiments with Douglas fir suggest that some 80-120 
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days cf cold stratification fairly closely simulates 5-7 months 
of overwintering on the ground; the latte1·, of course, involves 
fluctuating moistu1·e and temperature whe1·eas the former is 
usually accomplished at co11stant temperature and eithe1· a 
constant or a slowly decreasing moistu1·e content. 

Anothe1· feature is that the longer the period of strati
fication (up to some limit, possibly 80-120 days), the more 
uniformly will the seed behave. Whereas untreated seed of 
individual Douglas fir trees may have median germination 
times of 5 and 30 days at 25°C. in son1ewhat extreme cases, 
such times can be brot1ght to a low and similar level by cold 
stratification, usually of 80 days 01· longer. Extreme diffe1·
ences of this kind do occur within single lots of seed derived 
from a number of parents. Unifo1·mity, often a most desirable 
feature in la1·ge-scale ope1·ations, ca11 be p1·omoted by long, 
cold stratification. 

Although stratification does not harm high quality seed 
of species known to benefit, it may lower production from 
poor seed. In such cases, the longer the treatment, the great
er the drop. Seed that reacts in this way is st1spect and 
shot1ld be used as soon as possible and stratified for a mini
mum period. 

Spec1:az applications 
St1·atification has some advantages for seed tes.ting. Re

sponse will indicate the degree of dormancy and the treatment 
likely to be effective; but differences between laboratory and 
field conditions for germination should l)e kept in mind in in
terpreting the laboratory results. In many cases, cold strati
fication makes unnecessary othe1· treatments for dormant or 
slow-to-germinate seeds and, in many seed-testing laborator
ies, is therefore used as a matter of routine. 

Fo1· resea1·ch, stratification has specific values: 
a) For stt1dies of the ecological 1·equirements for germin

ation, it provides seed that is similar physiologically 
to seed that was shed in the fall and overwintered on 
the g1·ound; the artificial t1·eatment., however, is re
prodt1cible. 

b) For studies of the physiology of dormancy, it pro
vides seeds whose dormancy has been broken, for 
comparison with untreated, dormant seeds. 

c) For seedling studies of such things as growth, 
photosynthetic efficiency, and nutrition, it provides a 
way of producing relatively uniform experimental ma
terial. 

Reve1·sing tlie st1·atificatio11, JJ1·ocess 
The most effective stratification treatment for a given 

set of conditions can be worked out by laborato1·y experiment. 
Unfortunately, the predictecl and planned-for conditions may 
not come abot1t and l:ll)ility ·ro modify plans is highly desir-
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able. For example, we might have a perfectly good 60-day 
treatment based on careful studies, only to find the 11t1rsery 
flooded on the planned sowing date. The question is: what 
ca11 we do with the seed if we can't sow? - and what if any
thing can we do with leftover t1·eated seed? The following 
comments apply to Dot1glas fi1· seed, both Coast and Interio1· 
sources; they p1·obably apply to seeds of a number of othe1· 
conifers that react favorably to cold stratification. 

Good seed is dt1rable if ca1·efully handled; care is essen
tial when the seed is moist and ready to germinate. It can be 
continued in stratification fo1· months with little or no loss 
and will retain its 1·eadiness to germinate. Some seed may ge1·
mi11ate at the low tempe1·ature but ,vill remain viable if 
handled with care. Instead of being continued in stratifica
tion the seed can be d1·ied do,vn to 10 per cent moisture co11-
tent 01· less (at room temperature and moderate relative hu
midity) and returned to cold sto1·age. Anothe1· method is to 
expose the seed to the atmosphere in cold storage and allow 
it to lose mois'cu1·e slowly. As the seed dries by either meth
od it slowly loses its 1·eadiness to germinate and will go back 
into full dormancy in time. Field observations of seed pre
vented from germinating by sudden cold or drought generally 
support the above conclusions derived from laboratory studies. 

Before concluding, I should like to stress the fact of bio
logical variation among the seed of wild species. Prescrip
tions for seed testing or treatment may differ because the ex
pe1·imenters used material that differed in some important 
way (s). The history of the fruits or cones, and seeds, may 
be a factor; thus, the parentage the season's weather, the 
seed's matu1·ity, the way it was handled from collection 
through extraction and cleaning, to storage may all have their 
effects. The need fo1· replication is obvious. To give just one 
example, I once had a Douglas fir tree that prodticed seeds 
that were ve1·y slow to ge1·minate when untreated. Dormancy 
in this tree's seeds lay largely in the endosperm membrane. 
If the membrane was punctured or cut anywhere on its sur
face, that seed germinated very rapidly, as if stratified. I 
thought I had a real discove1·y but seed f1·om other trees near
by showed ve1·y little 1·esponse to membrane treatment. The 
interesting finding was that all of the seed referred to re
sponded equally well to cold st1·atification. 

A final example taken from some nurse1·y studies made 
in the early 1940's illustrates again the unifo1·mity-promoting 
feature of cold stratification for Douglas fir. With spring 
sowing, seedlings from stratified seed began to appear above 
ground 2-4 weeks earlier than those from untreated seed; the 
treated seed completed its ge1·mination two months earlier, 
producing much more uniform and larger stock. 
Co1iciusion. I have discussed some aspects of the practice of 
stratification and ve1·y little of the scientific base 01· interpre
tation. The reason is simple. Too little is known abo11t do1·-

105 



mancy as such or the action of various agents that remove 01· 

destroy the blocks to germination to overcome dormancy. 
Knowledge about these two aspects will almost certainly in
crease at about the same rate since they are so closely inter
dependent. Stratification is probably the most universal of 
t.he treatments used and, as such. is likely to figure import
antly in future studies designed to shed light on dormancy 
and the processes that overcome it. 
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MODERATOR JACK: Thank you, Dr. Allen, for a most in
teresting discussio11. Mr. Jack Doty of Viewcrest Nt1rsery, 
Vancouver, Washington 1 (not British Columbia) will now 
talk to us on field p1·oduction of t1·ee seedlings in Washington. 
Mr. Jack Doty: 
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FIELD PRODUCTION OF TREE SEEDLINGS IN WASHINGTON 
JACK DOTY 
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Va11,couver, Washi11,gton 

I,n growing seedlings we try to duplicate the processes 
which would come about naturally. Seeds have an inherent 
ability to hold back germination in the fall to avoid winter
killing. By stratification we gain a c1uick germination at 
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planting time. However, with some varieties we find that it 
is more advantageous to plant in the fall and germinate the 
seeds naturally. 

Source of seed is a never-ending problem. Local seed 
c1·ops are always the best, as they will have a higher moistt11·e 
content and require less processing for germination. Import
ed seeds have to be fumigated; if moisture and temperature are 
high the methyl bromide will stop germination. In general, 
we have, found that it pays to keep the seeds in transit the 
least possible time. Air shipment may seem rather costly, 
but it usually pays back dividends with bette1· germination. 

Seeds in the berry fo1·n1 will germinate better if the oute1· 
pulp is left in close contact with the seed during stratifica
tion. Probably the acid of the pulp helps to b1·eak down the 
oute1· lajrer of the seed fo1· better water penetration. At seed
ing time it is essential to have the best possible conditions for 
germination. Soil temperatu1·e is very important especially if 
the seed is ready to sprout. Certain seeds bcome mo1·e able to 
germinate at a lower temperatu1·e the longer they are held in 
st1·atification. Many times it becomes necessary to move 
seeds f1·om the stratification room in which they are being 
held at 36-41 °F., to a lowe1· temperature-Just above freezing 
-until weather and other conditions favor field seeding. 
Therefore, it is important to time the stratification process 
so as to be ready at planting time. 

To obtain the best seedlings, p1·oper planting density is 
an important factor. Seeding density is determined b)' a cut 
test of the seed. The cut test is not always reliable, but is the 
best method we have so far. There are just too many varie
ties of seeds going in at this time to rely on a germination 
test fo1· each one. Once the seed is in the ground, the pres
sure is on to obtain the best possible germination. 

Conifer seed beds are p1·epared much like a new lawn. All 
beds are rolled prior to seedi11g. We fumigate our land with 
methyl bromide periodically. Conifer beds are fumigated im
mediately prior to seeding i11 the sp1·ing. This is a particula1· 
advantage as most all the germinating weeds are killed and 
there is no competition to the seeds. 

Broadcast seeding is done with a 24'' Lawn Beauty Seed
e1·. As our beds are 4 ft. wide, we make two passes per bed. 
Row seeding is still done by hand. Sometimes it is necessary 
to mix seed with sand, peat or sawdust to obtain a lighter 
density. We vary the pressure on the wheel ma1·ker to change 
the depth of the trench for different seeds. As yet, we have 
not developed a better method of cove1·ing than by hand. 

When seed is in the p1·ocess of germination, moisture 
content around the seed is ve1·y important. As most of ou1· 
conifer seed is planted almost on top of the ground with only 
¼~'' sawdust mt1lch covering, it may be necessary to water fo1· 
a few hou1·s eve1·y day. As the roots grow down, less fre
lltlent watering of more llUantity will do. Also we found that 
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it helps to stabilize the sawdust mulch from wind blowing if 
it is not allowed to dry out. 

Certain conifer seedlings, such as spruce, do better unde1· 
partial shade the first year. Snow fencing was first used 
for shade, but plastic screening has replaced it due to less 
labor and storage problems involved. We use 2 x 2 stakes 
driven at 10 ft. intervals; a nylon cord is stretched between 
them with a staple to anchor the cord. The plastic is clipped 
to the cord with clothes pins every few feet. 

Weeding has been greatly eliminated this season, especi
ally with deciduous stock, by use of chemicals. The fact that 
seedlings usually take a few weeks to emerge above the grot1nd 
is put to good advantage. By using a pre-emergence spray, 
such as Paraquat or mineral spirits, on the beds during this 
period we can eliminate most of ou1· weeds. After germina
tion is complete and the "'eeds are showing, the weeding crew 
moves in for a very thorough .i ob. This is necessary as we 
immediately follow with a post-emergence spray such as 
Dacthol 01· Dymid, and water it in good. On fall-planted 
seeds, a post-emergence spray is a necessity. Mineral spirits 
is also used on conifers as a post-emergence spray when the 
seedlings are well established. In the fall of the year, when 
our one-year-old conifer seedlings are going into dormancy, 
we apply a 1 to 2 pound application of 80 o/o wettable Sima
zine. This usually carries us through until well into the 
spring. At this time there are indications of the Simazine no 
longe1· being present in the soil, thus necessitating a through 
weeding. During this period of lesser rainfall, we 'apply 
Atrazine at approximately the same rate. Some clover seeds 
usually manage to get through the methyl bromide fumigation 
and we have been successful in eliminating them by this sys
tem. As most conifers are lifted the following fall and spring, 
further weed control may not be necessary. 

After transplanting conifers, we immediately follow with 
an application of 2 pounds wettable 80 o/,; A trazine. If stock 
is not being dug that fall, an application of Simazine may be 
necessa1·y. I might add we only apply Atrazine and Simazine 
when we see that the prior application has lost its effective
ness. In our case it usually is about 6 to 9 months. As Sima
zine is more insoluble, we use it during the periods of heavy 
rainfall, Atrazine during the lesser 1·ainfall periods. 

I would like to give caution in weed spraying, especially 
with Simazine and Atrazine. It is very important that these 
chemicals be applied accurately. Calibration of equipment is 
a must. which we do pe1·iodically. It is necessary for one to 
find out what his limitations are by experimentation. Vary
ing factor·s, such as soils and rainfall, will have an effect on 
the application rates. Constant agitation of the solution is es
sential for even distribution. 

Insecticide and fungicide spraying is a necessa1·y evil in 
our operation. We do not like to do it anymo1·e than we have 

108 



to. If ,ve still had the p1·edato1·s around that we had 20 yea1·s 
ago, maybe insects would not be the problem that they are 
now. 

At temperatu1·es above 90°F, all forms of spraying 
should be cu1·tailed. What some of us might call ''spray in
jury'' may be leaf tisst1e damage caused by rapid intake of 
moisture at these highe1· temperatures, especially if the mois
tu1·e content in the leaf is low. 

Ou1· soil fertility needs a1·e usually dete1·mined prior to 
seeding and taken ca1·e of in a pre-application. During the 
peak gro,ving season ammonium nit1·ate is applied through 
the sprinkle1· lines at an app1·oximate 1·ate of 3 lbs. per 1000 
gallons of ,vater. Late summe1· application of a potash foliar 
spray for ha1·dening-off seems to be advantageous. 

In co11ifer seed beds it is necessa1·y to get optimum gr·owth 
to lessen the chances of ''heaving'' the first winter. The 
amount of food stored in the plant prior to ha1·vesting has a 
direct bearing on mortality when it is transplanted. A good 
stored food supply will give it an added ''boost'' for quick 
spring growth. 

Root-pruning 'chis season was done in June with no ad
ve1·se effects. Whe1·e possible, all conifer seedlings are 1·oot 
pruned yearly. In some cases stock is p1·uned as shallow as 2 
inches. Limited 1·oot-pruning is done on deciduous stock 
whe1·e it is necessa1·y to consolidate 1·oot g1·owth. 

Fall ha1·vesting of conife1· seedlings usually sta1'ts some
time in Octobe1·, \\'ith harvesting of deciduous stock following 
around mid-N ovember-afte1· leaves have dropped. Stock is 
lifted with a crawler tractor equipped with lifting blade and 
fingers. Field transportation of stock is done in boxes or 
crates. Recently we eliminated field trailers by mounting 
semi-permanent pallets behind ou1· tracto1·s for better maneu
verability. If possible we like to ship as we dig. Storage of 
seedlings can be a problem, especially with conifers. Decidu
ous stock holds well in cold sto1·age. F1·om the time the seed
lings leave the field, until they a1·e in the custome1·s ca1·e, we 
t1·y not to allow roots to dry out. By use of fogging nozzles 
connected to hoses, we are able to keep the roots moderately 
moist. Nozzles a1·e mounted over each grading table and 
throughout all shipping and storing areas. Stock is kept cool 
as much as possible and 1·emains in the grading room only a 
short time. Operations are speeded up by the use of roller 
conveyors and small pallets. 

Standardization is important. Our seed beds are four 
feet wide, transplant beds, and row seeding beds are made up 
of 5 one-foot rows to make a fou1·-foot bed. All but one of 
ou1· eight t1·actors have their wheels set six foot on cente1·s 
so as to st1·addle the beds. We use th1·ee types of i1·1·igation 
which a1·e all standardized to 50 ft. cente1·s. 

Mechanization has been the g1·eatest asset in our business. 
However, one must also consider cost facto1·s against hand 
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ope1·ation. In developing ou1· 5-r·ow t:1·ansplante1·, we had to 
wait until our quantities we1·e la1·ge enough to offset the ini
tial investment in the machine. We hope, to develop a t1niver
sal seeder for next spring capable of handling all types of 
seed. Our present thought is to develop an endless belt for 
each of the five rows. 

MODERATOR JACK: Mr. Eugene Baciu, Mistletoe Sales, 
Santa Barbara, California, has been collecting_, testing and 
selling seeds for the past 18 yea1·s. He will talk to us now on 
the interesting sub.iect of, ''Hydro-seeding''. Mr. Baciu: 

HYDRO-SEEDING 
EUGENE BACIU 
Mist/,etoe Sales 

Sarlta Ba1·bar·a, Calif or"rlia 

Hydro-seeding, in essence, is the application of seed by 
high pressu1·e water spraying. This is quite a simple and effi
cient method of getting a _job done in a hurry. 

Most of the wo1·k up to date has been done with sowing 
grass seed. This is done with hydro-seeding machines which 
have been built on seve1·al different ca1·1·iers. Some small 
ones are built on two-axle truck chassis \Vhile othe1·s are built 
on t1·ailers and semi-trailers. The tanks i11 which the slurry 
is mixed a1·e of different sizes, as are the high pressure pumps. 
The tanks will hold enough mix to cover a given number of 
acres with so many seeds per acre. 

The slurry is made of seed, water, fertilizer and mulch. 
The mulch may be made of different materials, such as 
grounded straw or hay, held together with oil or thin asphalt. 
However, the fact that straw is flamable makes it a distinct 
hazard. Some companies make a wood fiber mulch that holds 
together very well and its moisture retaining power is quite 
satisfactory. A relatively new mulch is fiber·glass plus a light 
1·esin. Expe1·iments are still being carried on with the fiber
glass mix. 

Many new highway areas a1·e being seeded by this rela
tively new method, mostly because of the ease, speed, and effi
ciency with which the Job can be done. As an example, a 
stretch of highway near Seattle was seeded in less than 22 
hours and the area covered would be equivalent to more than 
1,887 lawns. This is about one lawn per minute. Actual time 
per acre is about ten minutes, plus the time it takes to mix a 
new batch of slurry, plus the time for cleaning the equipment 
at the end of the day. 

Planting of lawns, large and small, can be done with hy
dro-seeding. A 13 ac1·e lawn was installed in four days t1sing 
a total of 5,600 pounds of grass seed. 

Now many landscaping Jobs are having tree and shrub 
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ope1·ation. In developing ou1· 5-r·ow t:1·ansplante1·, we had to 
wait until our quantities we1·e la1·ge enough to offset the ini
tial investment in the machine. We hope, to develop a t1niver
sal seeder for next spring capable of handling all types of 
seed. Our present thought is to develop an endless belt for 
each of the five rows. 

MODERATOR JACK: Mr. Eugene Baciu, Mistletoe Sales, 
Santa Barbara, California, has been collecting_, testing and 
selling seeds for the past 18 yea1·s. He will talk to us now on 
the interesting sub.iect of, ''Hydro-seeding''. Mr. Baciu: 

HYDRO-SEEDING 
EUGENE BACIU 
Mist/,etoe Sales 

Sarlta Ba1·bar·a, Calif or"rlia 
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seeds added to the mix. The a1·ea along the new Oak Flat 
Road to Yosemite National Pa1·k was seeded with 14 differ
ent kinds of g1·ound covers, plus many tree seeds such as 
pine, ceda1·, dogwood and bitter cherry. The ge1·mination of 
the tree and shrub seed was ve1·y satisfactory. The search 
for desirable sh1·ub and pe1·manent g1·ound covers continues. 
For the East and Mid-West, a g1·ound cove1· called crown 
vetch has been utilized which gives a quick cove1· plus pur
ple, blue and white flowers. 

In California some of the native plants that show great 
promise are California buckwheat (E1·iogonum), (which does 
very well on deep soil cuts), salt-bush (A triplex sp.), which 
is being planted in the d1·ier regions (the right species of this 
wo11ld be ve1·y good in most of the states), 1·abbit brush, 
( C1·ysotha1n1zu.<;) grows in most soils .i ust as does the At1·ip
lex. Also Penstemori gives a very good splash of color when 
mixed in with other ground cover plants. 

About the first plants with good flowers to make a show
ing on the steep rocky cuts that man makes in construction 
pro.Jects are the monkey flowe1·s, (Mimulits) and the golden 
yarrow, (Er·ioplzyllum laJ'ttum). They seem to do best under 
virgin soil conditions. 

Landscape engineers and a1·chitects a1·e looking fo1· plants 
whose seeds will ge1·minate readily and send down long 1·oots 
in a ve1·y short time. It is also impo1·tant that the plants live 
a long time, reseed themselves, and be fire-resistant. 

Beautiful flowe1·s 01· foliage with growth so thick that 
they crowd out all of the weeds and stabalize the soil would be 
cha1·acteristic of the pe1·fect plant. I wonder if the Rock 
Rose ( Cistus villosus) is such a plant? This is a young, grow
ing business and much ,vo1·k and research has to be done to 
find the right plants fo1· the right environment. 

VICE-PRESIDENT TICKNOR: For ou1· second session this 
afternoon we will have a very able moderator in Mr. Bruce 
Briggs. He is well known to our Western group. Bruce, will 
you proceed now ,vith you1· pa1·t of the program? 

MODERATOR BRIGGS: We have fou1· speakers talking on 
the same sub.iect-rooting and gr·afting·-but in relation to 
differe•nt kinds of plant materials. Mr. John Eichelser, Olym
pia, Washington, will be ou1· first speaker, talki11g on rhodo
dendrons. 
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SIMULTANEOUS GRAFTING AND ROOTING 
TECHNIQUES AS APPLIED TO RHODODENDRONS 

JOHN EICHELSER 
M el1·ose Nu1·sery 

Oly,;npia, W a.shingtori 

The many 1·hododend1·on g1·owers that a1·e he1·e today 
p1·obably wonde1· why I have come to talk on grafting 1·hodo
dendrons at a time when g1·afting has been almost complete
ly abandoned in favo1· of 1·ooting cuttings. Although the lat
ter method is much faste1· and easier and takes less space 
then grafting on unrooted understock, I do not advocate such 
g1·afting as a p1·imary means of propagating rhododendrons. 
Rathe1·, it may be useful as a method of rooting those few 
varieties which we are always trying to root, but never with 
much success; or for propagating the few cuttings of a new 
and very choice variety 1·eceived late in the year, with very 
hard wood, when the percentage of rooting might be low. 

We use 'Cunningham White' for the understock because 
it roots very easily and, unlike R. ponticum, it has a high re
sistance to 1·oot rot, it does not sucker from the base, and it 
has been compatible with all varieties that we have tried 
grafted on it. 

I would like to illust1·ate the actual p1·ocess now with a 
few slides. 

A cutting of 'Cunningham White' is selected which is, as 
nearly as possible, the same size as the cutti11g to be grafted. 

A f1·esh cut is made at the base of the understock leaving 
a ct1tting about four inches long. A o/~ inch slice is removed 
from two sides of the cutting. 

A downward slanting cut is made into the unde1·stock 
ending .iust above the wound, fo1· inserting the scion. 

The scion is cut in a long wedge shape to match the cut 
in the understock, leaving a scion about three inches long; 
it is inserted in the unde1·stock, matching the cambium lay
ers on both sides. 

The graft is wrapped in the usual manner with a rubber 
budding strip, the base dipped into Jiffy-Grow, and then in
serted into the rooting medium-under mist and with bottom 
heat. It is desirable, but not absolutely necessary, to insert the 
cutting deep enough to cove1· the graft. 

Plants raised by this method develop rapidly and, be
cause of the very low graft, usually develop roots above the 
graft and become own-rooted plants. We have used this 
method success.fully f1·om November through March. 

MODERATOR BRIGGS: Thank you John. Now 
ner, whom you all know, will talk to us on his 
with hard-to-root conifers. Rudy: 
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SPEEDING PRODUCTION OF HARD-TO-ROOT CONIFERS 
GOTTLOB (RUDY) WAGNER 

C & 0 Nur·ser·y Co. 
W ena,tchee, Washington 

As eve1·y pr·opagator of conifers knows, ther·e ar·e many 
species and varieties of Junipe1·us which are slow a11d hard to 
1·oot, and even if we succeed we likely have a plant with a 
poor root system. Ju1,iipe1·us vi1·gi1·iiaria is well known for 
this; even with all the root-inducing materials it is often im
possible to get the needed fibrous 1·oot system. 

The usual procedu1·e in propagating such slow-rooting 
varieties is to g1·aft them, onto potted stock in late winter, but 
for this pu1·pose the stock must first be grown from seeds or 
cuttings and at best this causes a delay of a year or two. Be
sides, the potted stock or the pre-1·ooting of the cuttings takes 
considerable greenhouse space, which increases the expense 
of the whole operation. 

Much quicker 1·esults at n1uch less expense can be obtain
ed by taking cuttings of certain easy-to-root ,,a1·ieties, which 
have the tendency to develop a good 1·oot system, and graft
ing scions onto them immediately before they a1·e placed in the 
rooting medium. 

Easy-to-1·oot varieties a1·e Junipe1·us chiner1.sis 'Hetzii', or 
J. communis 'Sueciea'. Both root quicl{ly; cuttings up to 12 
to 15 inches long, if taken at the most favo1·able time (which 
we find is du1·ing the winte1· months), root in five to six weeks. 

Scions up to 15 inches long of various slow-rooting varie
ties of J. virginia1ia, J. scopulo1·um, or J. commu1iis are side
grafted onto these above-mentioned cuttings. 

The g1·aft union should be about two inches above the 
base of the unde1·stock cuttings and the cuttings should be 
inserted in the rooting medium about four inches deep, or in 
such a manner that the graft union is completely, though 
loosely, cove1·ed by the medium; 01· in other words, the medium 
should extend slightly above the union. 

The boxes containing the g1·afted cuttings are then plac
ed on the greenhouse bench under· intermittent mist with 
spray applied approximately 5 seconds every 5 minutes. It is 
important to make sure that the boxes drain well so that the 
bases of the cuttings do not remain wet for any length of 
time. No mist is applied during the night or in the daytime 
du1·ing very dull weather: 

We find the month of January and the beginning of Feb-
1·ua1·y to be the best time to propagate our junipers through 
grafting. By April the understock cuttings a1·e usually well-
1·ooted and the scions are firmly united with the stock. By 
this time the tops of 'che 1·ootstocks can be removed and the 
new plant can then be potted and planted out in a cold frame, 
again deep enough that the entire graft union is completely 
covered. Some of the varieties which a1·e slow to root from 
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cuttings readily produce r·oots of their· own just above the 
graft union afte1· the top of the understock has been removed. 

For propagators in northern regions it is not easy to fol
low this method of p1·opagation. It is often impossible to 
gather conifer cuttings during the most favo1·able time because 
of deep snow and low temperatu1·es. ,vhe1·e such conditions 
exist, one can make la1·ge cuttings of the easy-to-root va1·ieties 
before the onset of bad weather· and place them unde1· mist 
and at low tempe1·atu1·es until the scio11s can be gathe1·ed. In 
the meantime, the cuttings will have produced callus 01· even 
be rooted to some extent. The scions can then be grafted on 
them. Such cuttings. even when kept all winter, need little 
greenhouse space-much less than potted stock. 

In conclusion we 1·ecommend the following : 
1. Timing. Taking the cuttings at the most favo1·able 

time (winter) to assure quick 1·ooting. 
2. Select an easy-to-1·oot va1·iety v-1hich also has the ten

dency to develop a good 1·oot system. 
3. If large, long scions are used i11 g1·afting, we prefer 

the side-tongue graft because it makes a ve1·y solid 
• union. 

4. Good d1·ainage of the g1·afting ])oxes and the use of a 
medium that d1·ains easily is most impo1·tant. 

5. Bottom heat (70°F) is esse-ntial. 

MODERATOR BRIGGS: Ou1· next speaker is from F1·emont, 
California, near San Francisco. Don Dillon, of Four· Winds 
Growers, will talk to tis on his citrus J)ropagation procedures, 
Don: 

SIMULTANEOUS GRAFTING AND ROOTING 
OF CITRUS UNDER MIST 

DONALD DILLON 
Four Wincls G1·oiver·s 
F1·emont, Calif 01·n·ia 

In order· to simultaneously root and graft cit1·us success
fully it is necessa1·y to have the right climatic environment. 
All of our propagation is from mother-plant twigs; these 
mother plants a1·e grown in the open air, without shelter 
from the elements. Having the right type of wood is essen
tial. However, the simultaneous graft healing and under
stock rooting is done under controlled hot-house conditions. 

An ample supply of the 1·ight hardened-off shoots of new 
g1·owth are a ''must'' in successful twig grafting. Both scion
wood and rootstock wood must be available simulaneously at 
the p1·oper time. We g1·ow our o,vn original mother plants, . 
both for rootstocks and for scions. 

Our selections and methods are based on ''1·esea1·ch,'' if 
you will pardon ou1· usage of this word with this definition -
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''If one appropriates another man's idea, that is stealing; but 
if you combine the ideas of many experts along with your own, 
that is research." We should confess plagarism in ''twig
grafting." D1·. F. F. Halma and fellow member, Ted Frolich, 
both of UCLA, 1·eally taught us their methods. Ted not only 
grafts two twigs, he often sandwiches them 3 or 4 high in his 
researching. 

We hold to this belief - to secu1·e identical results and 
keep on producing ide-ntical results, we must use identicals -
both rootstock and scion. While the specific scion strains are 
generally well known and recognized, this does not hold true 
with rootstocks. Citrus seedling rootstocks are quite variable. 
That is why we use shoots of rootstock mother plants, not 
seedlings, in our p1·opagation. Most of our scion varieties 
are progeny of one mother tree of the variety. To a lesser de
gree, this is true of our rootstocks. Our objective is to have 
every twig-graft, both rootstock and scion, the progeny of a 
specific mother plant. Conditions change, however; the de
velopment of nucellar strains are causing the abandonment of 
old-line strains. The California citrus industry now is com
mitted to a long-range progran1 of producing indexed, dis
ease-free trees. 

In grafting and rooting citrus simultaneously, our propa
gators go into our mother blocks and cut twigs of scion wood 
and understock, using the last growth cycle. Leaves are re
tained on both scion and stock. When the twigs are grafted 
and ready to be flatted these plants are, on the average, 12 
inches long. Our propagators gathe1· their own wood each 
morning; never is the wood allowed to dry out. The twigs are 
always kept moist and when they are brought into our propa
gating room they are dipped into a fungicide solution contain
ing 1/2 cup P.C.N.B. and 21/2 cups of Captan (40% wettable 
powder) in 20 gallons of water. 

Afte1· the preceding preparations have been made, our 
p1·opagators start making 'chei1· grafts. The cut for the splice 
graft is 1/2 to 3/i inches long at about a 30° angle. After the 
graft has been made, it is tied with a rubbe1· band. The graft
ed twigs are put back under mist. After making the grafts,, 
our propagators dip the plants into the fungicide again before 
''stumping'' them. The cut on the base of the plant is made 
square, dipped into a ''hormone'' and flatted up. 

The ''hormone'' we use is from a formula given to us by 
Mr. 0. A. Matkin, head of the Soil and Plant Laboratory, Inc., 
Orange, California. At one time we used Hormodin No. 3, or 
indolebuty1·ic acid in a liquid formulation. The hormone we 
are now using consists of: 1.0 gram indolebutyric acid 

25.0 grams fermate 
99.0 grams talc 

We find this to be cheaper and it works just as well, if not 
better than, the hormone prepa1·ations previously used. 
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Du1·ing the course of the day, if any twig is dropped or 
has fallen to the floo1·, it is always put back through the fun
gicide before it is returned to the wo1·king bench. Flats used 
to carry or hold plants while flatting 01· when grafting, and 
containers used for the hormone are dipped in fungicide be
fore being put away fo1· the day. All excess hormone is 
thrown away every day. 

Our grafting room is maintained in a state of ''kitchen 
cleanliness." Access is limited to people who work there. At 
the end of each day's work. the grafting room is thoroughly 
cleaned. All prunings and left-over wood are discarded. The 
mist case in which twigs and completed twig-grafts are held 
during the day is scrubbed, using 16 ounces of 25% Clorox in 
21/2 gallons of water. The table and counter tops, which are 
covered wi'ch vinyl linoleum, are scrubbed with the same solu
tion. All tools are cleaned and stored in lined drawers. The 
floor is scrubbed, even the windows are washed daily. \Vhen 
all this is completed we can go home. 

Hot-House Pr·opagation Oper·atiori 
We have adopted the U. C. system for container-grown 

plants, as discussed in University of California Manual 23, as 
the foundation of ou1· growing operatio11. \Ve a1·e convinced 
that mother blocks of clean planting stock are essential for a 
sound g1·owing operation. This is the first principle to sup
port the production of quality nurse1·y stock. The second prin
ciple is proper soil t1·eatme-nt. We use a modified U. C. soil 
mix, in that we use redwood sawdust instead of peat moss. 
The soil mix is an essential part of our operation. The last 
principle is proper sanitary p1·actices. \Ve make a 1·eal effort 
here also. All of these practices are necessary. They are 
goals. We recognize that in some of our practices we are a 
little short and that constant improveme11t is necessary. In 
this work we are regularly assisted by Mr. Matkin, one of the 
autho1·s of Manual 23. 

Incoming water for the mist beds, either clear or fertil
ized, passes through Monarch, 100 mesh strainers. We use 
normally-open solenoid valves since we have found it is better 
to have continuous water on the twig-grafts than none at all 
in the event of a power failure. We use General Electric sili
cone cables for bottom heat. Each bench has it's own HSC-5 
thermostat, pilot light, and circuit breaker. 

Our time1· was inspi1·ed by discussions and papers we 
heard at the fi1·st Western Region, Plant Propaga.tors' meet
ing at Asilomar in 1960. We use a 24-hour clock to control 
two six-minute time1·s. The pins on the 24-hour clock can be 
set fo1· 15-minute intervals. and the 6-minute clocks at any 
5-second intervals. By proper placing of the pins, any com
bination of mist duration and interval can be programmed. 
Like other propaga.tors, our controls must allow great flexi
bility yet provide a high degree of 1·eliability. By the use of 
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relays, the 24-hour clock prevents the chance of continuous 
misting in the event that the 6-minute clocl< were to stop for 
the night in an ope,n (misting) position. 

We have recently added a 11).i. H.P. 3600 R.P.M. motor 
and pump to increase ou1· mist line pressure to 140 P.S.I. A 
120-gallon tank under air pressure maintains even press11re. 
This increases nozzle velocity and creates smaller droplets. 
These absorb more heat and tend to hang in the air longer. 
This allows us to 1·educe the mist duration and increase the 
mist intervals. We use a Monarch No. 3.0, 120°, oil-burner 
type nozzle. These would produce 3 gallons of water per hour 
if allowed to 1·un continuously. They are also fitted with 100 
mesh screens. Our lines are %-inch copper tubing. We use 
Imperial fittings. Our ten benches have individually controll
ed wate1· lines which are mounted on the ceiling rafters. The 
lines are located along the front edge of the bench with the 
nozzles pointing down. Any drip falls in the aisle. Benches 
are raised, 36 feet long, 3 feet ,vide. Heating cables are bu1·
ied in 3 inches of gravel, covered with hardware cloth. Afte1· 
treating the wire mesh and ,vood benches with copper naph
thenate, empty 18 x 18 inch flats a1·e placed on the bench and 
filled with rooting media. We 11se coarse grind vermiculite of 
the type used for i11sulation fill. The twig-grafts are dipped 
in hormone and stuck. 

When the mist is on it is impossible to see the other end 
of the greenhouse·-40 feet away. Small droplets will still 
be in the air when the next cycle begins. While this seems 
like an excessive amount of water, please keep in mind that un
til the graft has healed, the scion has 110 contact with the mois
ture in the rooting media. It is suspended in mid-air, sup
ported by the understock and has no other contact except the 
atmosphere around it. 

When the graft union has fully healed and the under
stock 1·ooted, the bottom heat and the mist line are turned off. 
Sometimes, though the plants are rooted, we must wait until 
the graft has healed. The flats are le•ft to harden off for a 
period of several days to two weeks, depending on variety. 
We do not use peat or other types of pots. The roots are 
straight and uncoiled. Trees are planted di1·ectly into one
gallon cans, bare-root. 

It is our aim to produce good-tasting, full-sized fruit on 
a dwarf tree whose ultimate size has been controlled by the 
interaction of rootstock and scion. These trees are produced 
from carefully selected twigs, grafted unde1· kitchen-clean 
sanitary conditions, then rooted and healed simultaneously 
under conditions of inte1·mittent mist. 

MODERATOR BRIGGS: Our next speaker has a li,ctle diffe1·
ent problem, 011e which may be a lot more difficult than the 
othe1·s. To tell you about this is Dr. Holge1· B1·ix, fo1·merly of 
Denma1·k. He acqui1·ecl his e~11·ly ecl11catio11 1:here !)11t can1e to 
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the United States whe1·e he got his doctorate at Texas A and 
M University. He is now with the Forest Research I,abora
tory Victoria, B. C. Dr. B1·ix. 

ROOTING OF DOUGLAS FIR CUTTINGS 
BY A PAIRED-CUTTING TECHNIQUE 

HOLGER BRIX 
De7Jar·tment of Forest1·y a1id Rural Developm.ent 

For·e.st Resear·ch La.borcitory, 
Victor·ia, Br·itish Colurnbia, 

A study of rooting of Douglas fir cuttings was under
taken two years ago because vegetative propagation of Dot1g
las fir by grafting had not been entirely satisfacto1-y. In 1·e
cent years much overgrowth of rootstock by the scion has 
become apparent resulting in poor growth and eventual death 
of the tree. A barrier to translocatio11 of assimilate from 
the plant top to the 1·oot seems to develop at the graft union 
and leads to starvation of the rootstock. 

Chemical treatments have not been consistently success
ful in rooting Douglas fir cuttings from mature trees. Other 
workers have found, as we have, that indolebutyric acid (IBA) 
will induce rooting in cuttings from old trees but the results 
can not consistently be replicated in other years and with 
other trees. Mechanical aids) such as wounding, have not im
proved the results. On the other hand, cuttings from seed
lings of Douglas fir 1·oot fairly 1·e8.dily even without chemical 
treatme,nts. It, therefore, seemed wo1·tl1 testing whether cut
tings f1·om old t1·ees could be induced to 1·oot by grafting cut
tings from young trees onto them. 

At the end of Ma1·ch, 1966, 60 cuttings from matu1·e t1·ees 
(80-100 years old) and 60 cuttings f1·om 5-year-old Dot1glas 
fir seedlings we1·e grafted together in pairs. Hereafte1·, for 
convenience, these a1·e 1·efer1·ed to as ''old'' and ''young'' cut
tings, respectively. Only the last annual shoots were t1sed 
and they were cut to a length of about 3 inches. The cut
tings were side-g1·afted fo1· a length of about 1 inch at the 
base of the stem and held together by elastic bands. The basal 
ends were cut flush after g1·afting. This is referred to as 
butt grafting. The pai1·ed cuttings were set with the base i11 
50 ppm IBA for 24 hours and thereafter placed in a rooting 
bench with perlite and kept under inte1·mittent misting. The 
graft union was completely buried i11 the rooting medium. 
After 17 days in the bench the union between the paired cut
tings was sufficiently st1·ong to permit removal of the elastic 
bands. Since the basal growth of the ct1ttings is consider
able, the bands a1·e removed as soon as possible to avoid con
striction. 

During the fi1·st 2 months in the bench 17 pairs 1·ooted; 
afte1· 3lf2 months 28 pai1·s had 1·oots and 54 pairs had roots 
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the United States whe1·e he got his doctorate at Texas A and 
M University. He is now with the Forest Research I,abora
tory Victoria, B. C. Dr. B1·ix. 

ROOTING OF DOUGLAS FIR CUTTINGS 
BY A PAIRED-CUTTING TECHNIQUE 

HOLGER BRIX 
De7Jar·tment of Forest1·y a1id Rural Developm.ent 

For·e.st Resear·ch La.borcitory, 
Victor·ia, Br·itish Colurnbia, 
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after 6 months. Out of the 54 pairs with roots, 50 had roots 
on the young cutting, 20 had roots on both the young and the 
old and 4 had roots on the old ones only. This gives a root
ing percentage of 40 for the old cuttings and 83 for the 
young. Cuttings from old trees did not root bette1· than 307,) 
when set alone and such a high percentage was an excep
tion. It would, therefo1·e, appea1· that the young cutting had 
a stimulating effect on rooting of the old cutting. 

To test this further, more experiments with paired cut
tings were performed in the spring of 1967. Three differ
ent types of grafts we1·e tried. One type was the butt graft 
used the p1·evious year having the basal ends of the paired 
cuttings cut flush. In a11other the young cutting was side
grafted to the old cutting leaving l/4 inch of the old cutting 
below the union. In a third type, the old cutting was grafted 
to the young leaving l/4 inch of the base of the young cut
ti11g below the union. All paired cuttings and the individual 
control cutti11gs we1·e t1·eated with a 24-hour soak of the 
basal end in 100 ppm IBA. One-half the cuttings were set in 
sand and the other half in an equal mixture of sand, perlite 
and peat moss. The success of 1·oo'cing for the different types 
of grafts could depend on whether the presence of an inhibi
tor, or the lack of a rooting promote1·, was responsible for 
poo1· rooting i11 the old cuttings since the rooting regulato1· 
might concentrate in the end of the cutting forming the base. 

The results with paired cuttings have not been as goocl 
this year as in 1966. It may still be too early (mid-August) 
to predict the final outcome but to date only 10% of the old 
cuttings have rooted when grafted to young cuttings (type 3 
above) and only one out of 50 have rooted when the old cut
ting formed the base of the pair ( type 2 above). The latte1· 
result was also obtained with the butt-grafted pair. The rest 
of the paired cuttings look he·althy and it is hoped that more 
will root. None of the single cuttings from old trees have 
rooted, so pairing ,vith yot1ng cuttings seems to have had 
some beneficial effect. Cuttings from young trees have· also 
rooted poorly this year with a percentage of 28 to date while 
a percentage of over 80 rooted last year. This may explain 
why the paired cuttings have not given betterv result althot1gh 
the cause of the generally poor rooting this year is not known. 
Cuttings collected in March have rooted better than those col
lected in February or in April. The rooting mixture has been 
superior to pure sand. 

Results obtained with paired cuttings of Douglas fir are 
promising enough to warrant further study of this approach 
to rooting of cuttings f1·om mature trees. The technique could 
be of value as a research tool and also for large- scale rooting 
until chemical treatment of single cuttings becomes more 
successful. Furthermore, there is the possibility that the 
roots formed on the young cutting in the grafted pair will 
adequately suppo1·t the old cutting without the diffic11lty of 
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overgrowth encounte1·ed with Douglas fir when the conven
tional type of grafting is used. 

MODERATOR BRIGGS: We will now open the session for 
questions. Who has the first one? 

BILL CUR1'IS: Don Dillon, what was the proportion of 
PCNB and Captan in your fungicidal cutting dip? 

DON DILLON: One-half cup PCNB and 21/2 CllPS Captan 
(40% wettable) in about 20 gallons of water. 

RALPH PINKUS: In dipping your cuttings, you said you 
use 1 gram of IBA crystals and 99 grams of talc. What othe1· 
ingredients were in the mix? 

DON DILLON: Fermate, 25 g1·ams. 
VOICE: Dr. Brix, what was the 1·ooting medium you used 

• 
in your tests with Douglas fir? 

DR. BRIX: Either pu1·e sand, or 1/: each of sand, peat moss, 
and perlite. 

JOE WHEAT: Working with Douglas fi1·, I have found 
that using very much peat moss in the mix will kill the 
young tissue. 

DR. BRIX: We have found the sa111e thing with Douglas 
fir; half sand and half peat moss is too much peat. 

BRUCE BRIGGS: We tried using Just a piece of stem, with
out leaves, fo1· the understock on un1·ooted 1·hododendron grafts 
but came up with a blank. 

DON DILLON: I might suggest you try keeping leaves on 
the understock. We found in citrus that this is the key to 
the whole thing. It requires full-sized leaves - we don't cut 
our leaves back at all - and we have to have the leaves on 
both pieces to really do the .iob. If leaves are present on the 
rhododendron understocks, yot1 might fi11d that there is enough 
stimulus f1·om them to get 1·ooting. 

HOWARD BROWN: A question for Rudy; do you cut your 
conifer understocks back comple'cely in 6 weeks? 

RUDY WAGNER: The unde,rstocks are cut back as soon as 
they come out of the rooting bench - just before potting. 

WALTER VAN VLOTEN: A question for Don. You say you 
use IBA, talc and fermate. Why do you use talc? Why don't 
you use just IBA and fermate? 

DON DILLON: The talc is .iust a filler. We buy IBA 
crystals from Eastman Kodak Co. and have them ground into 
a powder by ou1· local d1·uggiet and he mixes it with talc, but 
it's .i ust a filler. 

WALTER VAN VLOTEN: We do the same, except we only 
use Captan powde,· plus I,BA crystals. 
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BURIED•-INARCHING 
JOE WHEAT 

Tree J1npr·ovement Labo1·ator11 
Jn,dustr·ial Fo1·estr·11 Association 

Olympia, W ashingtori 

With the exception of easily-rooted species, st1ch as the 
poplars and cryptomeria, vegetative propagation of forest 
tree species is practical only where clonal material is advan
tageous in tree improvement and similar 1·esearch programs. 
Only in recent years have vegetative p1·opagation techniques
long familiar to horticulturalists-been applied to many of the 
coniferous forest trees. So far, grafting has been the most 
common method of propagation, since many conifers are very 
difficult to increase by cuttings. 

In the Pacific N ortl1west, Douglas fi1· is 1·eceiving the 
most attention from resea1·ch and t1·ee improvement wo1·kers. 
This species has p1·oven to be very easy to graft. Howeve1·, 
with the older grafted seed orcha1·ds (some now 10 years old), 
losses due to incompatibility between stock and scion have 
been of seriot1s magnitt1de. Recent studies by D1·. Copes gives 
us hope that grafting may become practical in the future. 

However, another way to beat a problem is to avoid it. A 
clone can also be maintained by cuttings. Repeated trials 
have shown that cuttings from Douglas fir trees of cone-bear
ing age are extremely difficult to root, though there are some 
exceptions. In contrast, ct1ttings from seedlings or very young 
trees may root relatively well. 

Without knowledge as to what the seedling possesses that 
enhances rooting, or what the mature tree may have as an in
hibitor, the bt1ried-inarch has been developed in an attempt to 
transfer root-initiating ability from the seedling to the ma
ture tree cutting by forming a temporary union between the 
two. Romberg in 1942 reported (3) success with a similar 
technique on pecan. Kemmer in 1958 was using the buried-in
arch with apples (2). Since then Jaynes has been success
ful with chestnuts (1), which have a rooting history very 
similar to that of Douglas fir. 

The buried-inarch might be described as a cutting with 
the upper portion grafted to a seedling stock and the lower 
portion in soil or a rooting medium. One or more buds must 
be present on the upper portion of the cutting. Buds may not 
be necessary for rooting, bt1t are essential for any future top 
growth. As a case for this point, one can cite the rooting of 
budless pine needle fascicles. Union with the stock is easily 
made by shaping the top of the cutting into a wedge and in
serting this into an upward cleft cut into the side of the stock 
at the desired height. Othe1· grafting techniques may work 
equally as well. The graft union is secured with conventional 
budding bands and sealed with g1·afting wax. 

My first attempt to root Douglas fir through bu1·ied-in
arching was in 1963 ( 4). Rooting success was about 30 pe1· 
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cent. In 1966, 328 buried-inarches were made using 16 clones. 
Overall 1·esponse again was about 30 per cent, though success 
within individual clones varied from O ( one clone) to 70 per 
cent. In both trials high mortality of cuttings during the root
ing period greatly affected the results. It is felt that with 
prope1· care these losses could be held to 10 per cent. This 
would increase rooting to about 40 per cent with no other im
provements in technique. 

The time of yea1· the bu1·ied-inarching is done may be as 
important as it is with conventional cuttings. Though not all 
pe1·iods have been investigated, greatest response has been 
from January through March. Little rooting takes place be
fo1·e five months, with the peak of rooting occurri11g between 
six and eight months. Lifting of one trial after nine months 
appeared 'fo be somewhat premature. 

Hormone treatments of cuttings with commercial dusts 
of 0.3 and 0.8 pe1· cent indolebuty1·ic acid have shown no effect 
on 1·oot fo1·mation. 

Several procedu1·es were tried fo1· making buried-in
arches. The most convenient and practical was the use of 2-0 
stock in gallon containe1·s. A month or more p1·io1· to graft
ing, the stock was potted with positioning of stock well to one 
side to make 1·oom for a 3-inch peat pot set flush with the soil 
surface. In applying the buried-ina1·ch the butt of the cut
ting is in the peat pot which is then covered with ho1·ticultur
al-grade vermiculite and wetted. Othe1· rooting media may 
be as good, though peat moss in any concentrated amount 
will kill a Douglas fir cutting. 

Size of cuttings was best between five and seven inches 
in length. With Douglas fi1· and some other species, care 
must be taken to make cuttings only from 01·thot1·opic growth. 
Success in rooting may be greater with cuttings from lowe1· 
and more pendulous b1·anches, but it may take many years for 
them to be freed from the b1·anching habit of growth. 

Greenhouse facilities a1·e very desirable for this work. 
At Nisquall)r, Washington, bu1·ied-ina1·ches made in mid-win
te1· are moved into a lath house by May. Extra precaution is 
necessary to guard against drying conditions and wind move
ment of the buried-inarch. 

In conclusion I feel that the technique described is econ
omically p1·actical for p1·oductio11 of Douglas fir clones in tree 
improvement a11d resea1·ch programs, though there is much 
room for improvement. Rooting percentages possibly can be 
increased through manipulation of heat, light, moisture, 
growth 1·egulato1·s, etc. The possibility exists of abbreviating 
the process by grafting scions from seedlings onto the ma
ture-tree cutting. 
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3 Romberg. L D 1942 Use of 11111sc sce(ll,ngs i11 propagating tl1c pecan 
f1on1 stem c111ting~ ]'roe A111e1· Soc I-fort Sc1 40 298-300 

4 ,vheat, J G 1964 Root111g of c111t111gs fto1n 1nat11re l),,ugl.,~ fir 1-·or .~c1 
IO 319-320 

VOICE: At what stage do you cut off the rootstock? 
JOE WHEAT: When I investigate the grafts in the fall -

October and November. If the inarch is rooted, then I remove 
it; I don't bother to cut it. I just take them and tear them 
apart. It is removed then because it will have its own foliage 
by then and will have an active root system started. I ,vould 
almost prefer to let the inarches go 12 months because I feel 
that there are some that were starting to root that I would not 
have lost if I had left them a little longer. I have to .iump 
ahead a little bit because I want to get them out of the lath
house before winter and back into the greenhouse. 

, 

VOICE: Could you tise two or three inarches on one root
stock? 

JOE WHEAT: You could on some of the huskier ones. 
Actually I use two. I find I have better results with ordinary 
cuttings, or with these inarches, by using a sterile medium, 
something like clea11 masonry sand or vermiculite, rathe1· than 
soil. They will root directly in soil but there is a large1· ini
tial loss, .iust as with ordinary cuttings, because of the path
ogen problem in unsterilized, normal soil. 

MODERATOR DOUGLASS: The 11ext speaker, t1nfo1·tunately, 
is absent today. D1·. Osca1· Sziklai is in Europe attending the 
International Union of Forestry Research Organization. How
ever, Dr. Phillip Haddock, University of British Columbia, 
has kindly ag1·eed to give Dr. Sziklai's presentation on graft
ing techniques in forestry. Dr. Sziklai is associate profes
sor at the Unive1·sity of British Columbia1 teaching foreRt 
genetics. 

GRAFTING TECHNIQUES IN FORESTRY 
0. SZIKLAI 

Facult?J of Fo1·est1·y, Unive1·sity of B1·itish Colitmbia 
Vancouver 8, B1·itish Columbia 

Apomixis is a general term used for all types of asexual 
reproduction that replace or substitute for sext1al methods. 
Agamospermy includes all types of apomictic reproduction in 
which embryos and :;:,eeds are formed by asexual means. In 
the case of vegetative reproduction, the propagules are not 
produced from seed but as a result of cell multiplication by 
mitotic division. Most plants have the capacity to reproduce 
vegetatively from roots, stems, branches and leaves; and even 
in a few cases, the p1·opagules occur within the inflorescence 
as is the case in vivipary. 

Layering, 1·ooting and grafting, as different means of 
vegetative propagatio11, have bee11 widely used i11 ho1·tict1lt111·e 
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from ancient times. Rooting is the most widely used method 
of asexual reproduction in forest1·y practice. Rooting by stem 
cuttings, mainly in the genera Populus, Salix and Platanus is 
a well developed practice in intensive forest management. I,ay
e1·ing is of a more limited application and is used mainly in 
expe1·imental studies when othe1· means of vegetative propa
gation are not successful. 

The importance of g1·afting in forest1·y practice originat
ed from a recent development of fo1·est genetics and forest im
provement. Selection of desi1·able phenotypes of certain spe
cies in the fo1·ests necessitated the p1·opagation of the ''plus 
trees'' into a mo1·e accessible e11vi1·onment than those in which 
the plus t1·ees we1·e standing. ''Clone banks'' and late1· ''seed 
01·cha1·ds'' were established. Homogeneous sites were select
ed to provide a basis for objective evaluation of phenology 
and g1·owth characte1·istics of clones. These ''clone banks'' 
and ''seed orcha1·ds'' were also more ideally suited for carry
ing out controlled pollinations than the ortets from which the 
scions we1·e collected. 

Dr. Syrach Larsen's pioneering wo1·k on grafting Scan
dinavian fo1·est trees in the middle 1930's was the beginning 
of the realization of the impo1·tance of grafting in forestry. 
This trend was further intensified by wo1·k in Sweden, in the 
Southeastern pine 1·egion and in the Douglas fir region of 
N 01·th America. G1·afting is now widely used in forestry prac
tices mainly for the following pu1·poses (Wright, 1962) : 
to facilitate controlled pollination, to hasten cone production 
in selected breeding programs, to produce species hybrids, to 
determine total genetic variance, to preserve supe1·ior germ 
plasm, and to provide genetically uniform material. 

The following three basic types of grafting are recog
nized (Mergen, 1954) depending on the genetical constitution 
of the scion and the 1·ootstock: 

(a) autoplastic grafting: scion and rootstock are of the 
same genotype. 

(b) homoplastic grafting: scion and 1·ootstock belong to 
the same species but differ genotypically. 

( c) heteroplastic grafting: scion and rootstock differ 
genetically and belong to a different species, genus, 
or even family. 

Of the above-mentioned three types, homopJastic grafti11g 
is the most widely p1·actised in forestry, while the other two 
types - autoplastic and heteroplastic - have a more limited 
application, mainly in research work. Inte1·estingly enough, 
Dr. Klaehn's su1·vey on grafting methods on forest trees con
ducted in 1962 (Stairs,, 1964) gave an amount of 800 inter
specific and approximately 160 intergeneric and interfamily 
heteroplastic graftings. 

''As to the success of g1-afting, the main skill is to 
join the inward part of the scion to the sappy part of the 
stock, closely but not too forcibly; that being the best 
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and most infallible way by which most of the quick and 
.iuicy parts are mutually united, especially towards the 
bottom." (Evelyn, 1663). 

This old, but not outdated statement, emphasized the import
ance of cambial union of scion and rootstock, as one of the 
car·dinal requirements for successful grafting. Fulfilling this 
requirement, numerous grafting methods have been developed. 

Garner ( 1958) listed 46 diffe1·ent methods ( Fig. 1, 2, 3). 
Nienstaedt et al. (1958) mentioned only 13 of them applied in 
fo1·estry practice. (Table 1). 

'l'ablc I ·111c 111,1111 d1v1:,1011s ul g1 Jlt111g 111ctl1otl:, ,111tl tl1c 1111111bc1 11:,cd 111 tu1c,t1 y 

Appr·oach grafting 
a) True approach grafting 
b) Inarching 
c) Bridging 

Detached Scion Gr·af ti'lig 
a) Bud grafting 
b) Inlay grafting 
c) Apical grafting 
d) Side grafting 
e) Bench grafting 

Total 

N 11 111 b e 1 

J"1sted 
uy G111 r1e1· 

5 
2 
1 

9 
4 

12 
8 
5 

46 

Used 
11, fore;try 

2 
1 
1 

2 
1 
2 
3 
1 

--· 
13 

The characteristic feature of appr·oach grafting is that 
the two plants brought together retain parts above and below 
the union. After union formation, the stem portion of the 
rootstock above the grafting point and the root part of the 
scion below the g1·afting are cut off. The spliced approach 
graft has limited application in forestry, on bi1·ches and other 
species difficult to graft. 

Seed production could be obtained on detached branches, 
as demonstrated by J ohnsson ( 1951) in Salicaceae, Betulaceae, 
and Ulmaceae families, using bottle grafting. Mirov ( 1940) 
successfully used inarching on white pines, southern and 
northe1·n hard pines and on spruces, while Graves ( 1948) 
1·ecommended it for hardwoods. Nienstaedt and Graves (1955) 
also used inarching to bypass diseased stem portions of chest
nut. Diller ( 1958) for the same reason, worked with bridg-
• 1ng. 

Bridge gra.fting is selected mainly for species such as 
white pines and southern ha1·d pines that are difficult to graft. 

Detached scion g1·afting is less cumbersome than ap
proach grafting, consequently a large number of different 
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techniques a1·e cur1·ently p1·actised. N ienstaedt e1t al. ( 1958) 
listed nine different methods of these used in forestry. 

Shield budding is practised mainly on hardwoods, but it 
is also used on white pines and northern ha1·d pines. In patch 
budding, pa1·t of the 1·ootstock is 1·eplaced by the same size of 
single bud, 1·emoved from the s.cion. Success is most likely if 
both scion and 1·ootstock are the same age. The technique is 
used in hardwood, northe1·n and southern hard pines. 

Among the diffe1·ent apical g1·afting methods, the spliced 
graft and the wedge 01· cleft graft a1·e techniques f1·equently 
employed in fo1·est1·y. The ease of making cut surfaces on the 
1·ootstock and on the scion, and the excellent knitting in splice 
g1·afting, would le11d the 111ethod to wider application than ex
ists at present, but because of the difficulty of tying, the weak 
union, and the equal diame'ce1·s needed of 1·ootstock and scion, 
this method is not applied £1·equently in fo1·estry. It is used 
mainly in the g1·afting of ha1·dwoods, but no1·thern hard pines, 
and 1·ecently Douglas fi1· in British Columbia, also have been 
grafted by this method. 

The wedge or cleft graft is a p1·efe1·red method of graft
ing in forestry. The ease of application and the good knitt
ing 1·esult in the ,vide use of this method among hardwoods, 
pines and Douglas fi1·. 01·r-Ewing and P1·ideaux ( 1959) rec
ommend using veneer crown g1·aft, a modified version of 
wedge g1·aft, fo1· Douglas fi1· when the rootstock and scion a1·e 
not equal in diameter. 

The side cleft g1·aft, veneer side g1·aft, and side tongue 
grafts are the three mainly used side grafting methods in for
estry (Nienstaedt et al. 1958). White pine is grafted by all 
th1·ee grafting methods. Only side cleft and venee1· side grafts 
are used in the case of southe1·n ha1·d pi11es. Northern hard 
pines are grafted with venee1· side and side tongue grafts, 
while veneer side graft is used in the case of sp1·uces. 

Bench grafting applies to any grafting processes per
formed on bare 1·ootstock and scion 1·egardless of the tech
nique used. Without proper· environmental conditions the 
bench graft, when it is completed on the stem portion of the 
rootstock, is seldom successful. On the other hand, if the 
grafting involves roots, the survival may be quite high. One 
method of x-cutting or root approach graft described by Jack
son and Zak ( 1949) was used success.fully in little-leaf dis
ease study of sho1·tleaf pine. 

Du1·ing the p1·evious part of my p1·esentation I b1·iefly de
scribed the different grafting methods practised in forestry. 
Unfortunately, it is difficult to attach to these g1·afting meth
ods a frequency number which should express how often they 
are used in practice. But as a 1·ough estimation on how fre
quently the diffe1·ent grafting methods a1·e used in forestry, 
I would like to 1·efer to Table 2, which is based on Klaehn's 
survey 011 inte1·specific hete1·oplastic g1·afting. 
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'l',tblc 2. l'rct111c11Lic, of Ll1c IJ,1sic LY(JC ,,1 g1;1lti11g 111ctl1,1,ls i11 tl1c c;1sc ,,f i11Lc1-
specific gralti11g; IJ;1scd 011 St;1irs (1!)64) 1cpurt 

G~11us 
H,ls1c type of g1 ,1ft1ng::. (after Kl,1cl111 1 ) 

Tut<1l 
t 2 • + 5 6 ., 

Gy111110s1Je1 ins 
A bies 53 25 3 5 
c:11J1re,,11, I 
J"111·i:,; 28 I ,1 I 3 
l'1cea 33 16 I ,1 
l'i II IL.\ 77 3(1 29 96 
]>,',e Lido {J ,, g,, ') 2 -
"l'otal I 93 93 34 109 

l'c1· CCII t 44 I 21.2 7.8 24.9 

,\11giospc1 lllS 

Acer 8 I ,1 2 
A /1111, I I ,1 
Bellliw I 
C{ll"(lg<tllll ,1 
Crat11cg11., 
C,1,ta11e1i I ') 4 I -
£11 c11ly j,t.11, ,1 

Fraxi1111s (j I 4 <) I -
J11gla11s I I 
Lir111id 11111/111 r 2 
Po/111/11s 6 I I 7 39 6 
/:lrllllU,',' 3 
Q11erc11., 5 7(j 
,\'11 Ii X ') -
Sorb11., 
1'ili,v ,[ 

l! l1n11.1 5 (j I I 

·1·01al 47 7 4 35 54 90 

l'cr Cc11t 13.0 1.9 1.1 9.7 14.9 24.9 

1Bc1s1c tyJ)C uf g1.-1.ft1ngs (,1ftc1 Klt1ch11). 

l - :,1dc g1,1ft 
2 - vcn.cer graft 
~ ~- T ~grdft 

4 - bt,ttlc 01 .1pp11),H:h g1,1lt 
5 ~ wl11p g1,1ft (::.pl1cc g1,1ft) 
6 - cleft gr,tft 

7 8 9 

86 
I 

46 
(j 60 
I ') 241 -

4 

7 2 438 

1.6 0.4 100.0 

r, :1 32 
5 20 
5 6 

4 
I I 

I I 19 
4 

I 2 17 
I I 4 

2 
3 63 
I 7 11 

I l> 91 ,, -,17 47 
21 2!'i 

I 14 

33 92 362 

9.1 25.4 I 00.0 

7 -- t11,111i;;lc gt,dt l111!.-1y g1,dt) 
~ - bllCCllicnt graft 
9 - bu<l<l111g 

Bridge (app1·oach) grafting (4) is used in 7.8o/o of the 
cases in Gymnosperms and 9.7 'Yi! in Angiosperms, playing 
only a limited role in both groups compared to the detached 
scion grafting methods. 

Bud grafting (9) was reported only in Angiosperms with 
a frequency of 25.4 '1o. Inlay grafting (7) is used more fre
quently in Angiosperms (9.1 '/,J) than in Gymnosperms 
(1.6 % ) . Apical grafting (5) and (6) is the most frequent
ly applied method in Angiosperms with 38.9 1/,J while in the 
Gymnosperms it is used with 24.9 '1o. Side graftings ( 1), 
(2) and (3) take up the largest percentage (66.3 'Yo) in Gym
nosperms but only 16 o/o in Angiosperms. 

The techniques listed above, as used in grafting of forest 
trees, form only one of the steps required to obtain successful 
grafts. Certainly, the impo1·tance of providing uniform con-
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tact between the cambia of 1·ootstock and scion is not dis
puted at all and the g1·afting methods listed here serve the 
pu1·pose effectively. But there are other aspects of grafting 
which are also impor'cant: - selection of rootstock, collection 
and storage of scionwood, time of grafting, rootstock-scion 
relationships at the time of contact layer and callus formation, 
and the time of callus diffe1·entiation. 

For successful g1·afting, besides the mo1·e desirable tech
ni(1ues, the last-mentioned points should be considered. Al
though information on them is sketchy at this time in relation 
to forest trees, we hope that research p1·oj ects currently under 
\Vay on this topic will soon provide the answe1·s. 

1)1\lcr, .I- U. l!J58. N.itt11:1l scleclio11 ,,[ blight-1·csi,l,t111 1\111e1ic.111 che,L1111L :11>· 
1,e.irs 1,r,,111i,i11g. /-'1///1 1\'r,·r//1,,11.1/. 1.~u1·e.1t ·1·-ree /111J,r. l'1oc. 11)58-69-70. 

l~vcly11, .I- 1663. Syl,•a. Martip11 & 1\llestry, L,,11,l,,11 
G,1111er, R . . J- 1958. 'J'l1c G1;1fle1··s H:111,lbook. 2nd c,I. F:1bc1· & l•abe1· Llcl., 

Lo11clo11. 260 IJP-
(;r,1,,es, A. H. 1948. l'orest 11·ee J,1·ee,li11g. Ec,,11. B<J/. 2:284-30:i. 
................................. 1950. A n1ctl1<id o[ co11trolli11g tl1e cl1est1111t l,ligl1t c,11 pat ti

;1lly 1esis1:111t species ;111d l1yl,ri,ls of Ca.1·1,1111:11. 111 J?ej,t. 41.,t A1111. Meeti11g 
N,,rl /1. Nut Gruwe,·o' A ,,oc. !I pp. 

,l,1,·ks,>11, L.\V.R., ;111d B. Z,tk. 1949. Grafti11g 111etl1<>tls ttscd i11 stt1dies of tl1e 
little lea[ ,lisease of sl101·tle,1f pi11e. fo111·. Forest 47:904-908. 
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ter11a: 583-606. 
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MODERATOR DOUGLASS: Ou1· next speaker is D1·. Donald 
L. Copes, Associate Plant Geneticist, Pacific Northwest For
est and Range Experiment Station, Corvallis, Oregon. Dr. 
Copes has worked du1·ing the past three years primarily on 
grafting incompatibility in Douglas fir. This mysterious and 
aggravating factor has been a ma_jor bottleneck to foresters 
and resea1·che1·s in establishing seed 01·chards, clone ''banks'', 
breeding archives, and othe1· forest1·y endeavors which in
volve grafting. Some of the finest Douglas fir clones thus 
far discove1·ed simply won't live with their 1·ootstocks. Dis
covering the 1·easons for the incompatibility, and hopefully 
finding some solutions, has been handed over to Dr. Copes. 
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GRAFTING INCOMPATIBILITY IN DOUGLAS FIR 
DONALD COPES 

Fo1·est1·y Sciences Labo1·ato1·y 
Pacific N or·thiuest Forest a·nd Ra1·1,ge Exper·i·me11,t Station 

Fo1·est Service, U.S. D. A. 
Co1·vallis, Or·egon 

Gr·afting of Douglas fir (Pseuclotsuga ·me·r1,z·ies·ii (Mirb.) 
F1·anco) started commercially on the West Coast in the late 
1950's with large-scale grafting in clonal seed orch~trds. Scions 
collected from supe1·ior tree selections were grafted upon wild
lings 01· nu1·sery-run seedling roo'cstocks. No attempt was 
made to identify pa1·entage of the stocks 01· to graft scions up
on clonal stocks. Graft mortality fro1n incompatibility be
came evident as early as the following spring. Each year since 
that time, mortality has continued with delayed symptoms of 
incompatibility. Continuing incompatibility losses in the first 
grafted clones and in later grafts have caused seed orchardists 
to become inc1·easingly aware of the seve1·ity of the problem. 

To point up the incompatibility problem, let me repeat 
graft survival data from three seed orchardists of Oregon 
and Washington. lVIortality from purely technique failu1·es.
that occur1·ing du1·ing the fi1·st 2 01· 3 months afte1· grafting
was excluded from da'ca. In one orchard, 1,622 grafts were 
made; 6 years later only 46 percent were still alive. In a 
second 01·cha1·d, only 57 pe1·cent of 766 g1·afts su1·vi,,ed 8 years 
after grafting. A third orchard was reported to have 78 per
cent of 671 grafts alive after 4 years. The values for 'chese 
th1·ee orchards do not 1·epresent all the losses that will occur; 
many surviving grafts have visible external symptoms of in
compatibility. For example, a 100-gi·aft sample from the sec
ond orchard revealed that 35 pe1·cent of all living grafts had 
scion overg1·owth symptoms. All ove1·grown grafts will prob
ably die soon. The graft incompatibility p1·oblem has become 
so severe that the practicability of establishing future clonal 
orchards is in question. 

Although pomological literatu1·e has numerous papers de
scribing many types of incompatible conditions, little infor
mation was available in 1964 about cause and development of 
symptoms of incompatibility in fo1·est t1·ees and about inte1·nal 
anatomy of Douglas fir graf·ts. N 01· ,vas it possible to cor
relate Douglas fir condition to that reported fo1· othe1· species 
in pomological lite1·atu1·e. This study was started in 1965 to 
dete1·mine what anatomical symptoms were cor1·elated with 
scion failure. P1·imary purposes of this paper are to describe 
symp'com development in g1·afts f1·om 2 days to 4 years old and 
to determine what possible cause 01· causes are responsible 
for symptom initiation and development. 

Materials and Methods 
A greenhouse study was designed in which periodic graft 

sacrifices were made at graft ages of 2 days to 2 years. At 
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date of collection, sample size ranged from 4 to 44 grafts. 
Graft union collections we1·e made the first year at 2, 4, 7, 10, 
14, 17, 21, 24, 28, 31, 35, 38, 42, 49, 56, 70, 84, 90-105, 170-180, 
220-230 days after grafting. Collections in the second year 
were made at 13, 15, 17, and 19 months after the date of graft
ing. Sacrificed graft unions were prepared for microscope 
observations by embedding in paraffin, 1·otary microtome 
sectioning, and staining with safranin and fast green. Both 
transverse and longitudinal sections were examined under a 
light microscope at 30-800 X. 

Scion material came from 20 clones selected from among 
the most and the least compatible clones known to 01·egon and 
Washington seed 01·cha1·dists. Grafts we1·e made in March of 
1965 and 1966. A standa1·d top-cleft 01· similar top graft was 
t1sed both years. All grafting was done by the author. A num
be1· of autoplastic grafts (g1·afts wi'ch scion and stock of iden
tical genotype) we1·e made so that graft unions without stock
scion interaction could also be examined. 

Grafting was done in a greenhouse on 2-0 Douglas fi1· 
seedling stocks. Seed sou1·ces of stocks were at 4,000-foot ele
vation on Mount Adan1s, Washington, in 1965 and at low and 
medium elevations in the Willamette Valley, Oregon, in 1966. 
Except for the inte1·val f1·om October to March, grafts were 
grown in a g1·eenhouse f1·om time of g1·afting until final sac1·i
fice. F1·om October to March, the g1·afts we1·e placed outdoors 
fo1· winter chilling. 

In addition, dead or dying incompatible grafts, ranging 
in age f1·om 1 to 4 yea1·s, we1·e collected f1·om seed orchards. 
Many of these grafts belonged to the same clones which were 
grafted for greenhouse study. 01·cha1·d graft unions were 
cut, unembedded, with a sliding microtome. The same safranin 
and fast green staining schedule was used fo1· both orchard 
and g1·eenhouse grafts. 

Results and Discussion 
Fi1·st-Yea1· Sy11ipto1n Development. Fi1·st detection of a 

graft incompatibility symptom was at 84 days. The symptom 
developed as deposits of sube1·in in intercellula1· spaces of the 
bark's cortex. Sube1·in is a fat or ~,axlike substance normally 
found in co1·k cells of Douglas fir's outer bark. The incom
patibility symptom occu1·red only in tissue areas where stock 
and scion cells merged. This symptom was present in only 
1.5 percent of grafts unde1· 106 days old (Table 1). 

Examination of grafts 170 to 180 and 220 to 230 days old 
revealed a higher percent of grafts with suberin zone initia
tion and a la1·ge1· suberized tissue area than was found in 
younger g1·aft unions. Although 1.5 percent of all grafts 
were suberized at 2 to 105 days, 62 and 33 percent of compati
ble and incompatible clones, respectively, in 170- to 180-day
old clones and 83 and 86 percent of compatible and incompat
ible clones, respectively, in 220- to 230-day-old clones were sub-
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'l'.tblc I, Dcvclop111c11L ol g1alt i11c,,111p,1tibiliLy sy1111,tl>I11s i11 co1111,,1tiblc a11d 
i11co1npatiblc clo11cs, by ,igc a11d elate of collcctio11, 

Graft 
age 

2-105 days 
(Mar.-June) 
170-180 days 
(August) 
220-230 days 
(October) 
13-14 months 
(Apr.-May) 

15 months 
(June) 
17 months 
(August) 

19 months 
(Octobe1·) 
1-4 years 

Scion 
clone 
type 

compatible and 
incompatible 
compatible 
incompatible 

compatible 
incompatible 

incompatible' 
compatible 
incompatible 
compatible 
incompatible 
compatible 
incompatible 
compatible and 
incompatible 

Graft 
"v1th subc11n 

zones 1111t1atcd 

1.5 
62 
33 
83 
86 

100 
33 

100 
75 
80 

86 
85 

100' 

Grafts with 
'.\.ylc1n wou11d 

areas 

Pe1·cent 

33 
50 

0 
40 
50 
31 

100' 

1011ly 111cun1pJt1blc clt>11e grJfts h,1d J1c<l 01 v.·c1c tl1·1ng ,it th1~ t1n1c. 
2S1g111f1cs grafts gro\v11 111: seed orcha1cls. 

St1bcr1n 
penetration 

111to phloen1 
or camb111m 

0 
0 
7 
8 

51 

91 

0 
0 
0 
0 

14 
15 

100' 

erized. In addition to having a higher pe1·centage of grafts 
which initiated the symptom, the 170- to 180-day collection had 
grafts with deeper penetrated bark a1·eas than earlier collec
tions. Fo1· example, 7 percent of incompatible clone grafts 
had suberin penetration to the phloem or cambium, whereas 
none of the ea1·lier collections had penetration beyond the cor
tex. The 220- to 230-day-old g1·afts showed deeper suberin 
penetration than the 170- to 180-day-old grafts,-51 percent 
of the incompatible clo11e grafts had been penetrated with 
suberin from co1·tex to phloem 01· cambial regions (Table 1). 
More than half the grafts from that collection date had sub
erin areas in cambial tissues. Tissue necrosis was found in 
both 170- to 180-- and 220- to 230-day collections. Necrotic 
cells were located near suberized tissues. 

Development of suberin zones seemed correlated with 
periods of cambial activity. Deeper penetration occurred dur
ing periods of slow cambial growth. Suberin zones were gen
erally restricted to cortex areas during times of high cambial 
activity, such as occurred through spring and ea1·ly summer 
months (2- to 105-day collections). When cambial activity 
ceased, or was very slow, sube1·in zone penetration progressed 
from the phloe,m-cortex boundary to phloem and cambial re-

• g1ons. 
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Little difference existed between percent of compatible 
and incompatible clone grafts which ultimately initiated sub
erin zones. Much of the fluctuation between clone types with
in collection periods could probably be explained by small sam
ple size variation. The chief difference between clone types 
was depth of suberin penetration during fall and winter months 
(220-20 days to 13 months). Usually, compatible clone grafts 
were not as deeply penetrated by suberin as were incompat
ible clone grafts. This could easily be seen in the 220- to 230-
day-old grafts (Table 1). Only 8 percent of compatible clone 
grafts had suberin penetration of phloem or cambium, yet 51 
percent of the incompatible clone grafts had penetrated that 
dee·ply. Unequal penetration between clone types is an im
portant fact to remember when the second symptom of incom
patibility is described later. 

Both compatible and incompatible clones developed some 
grafts with or without suberin zones, but no suberin zones 
were ever found in autoplastic grafts. This indicated that the 
physica.l act of grafting did not cause suberin zone initiation, 
but stock and scion tissues of different genotypes were neces
sary before the zones would appear. The incompatible clone 
group was found to be antagonistic to more stock genotypes, 
or more susceptible to the incompatibility factor, than was the 
compatible clone group. Since all scion clones were found at 
times to be incompatible, it was concluded that 011ly deg1·ee of 
compatibility varied between and within the two major clone 
groups. 

Formation of cambial unions was not necessary for suber
in zone i11itiation. G1·afts with both cambial and cortex 
unions and witl1 only cortex unions were found capable of 
suberin initiation. Some dead g1·afts collected in 1966 did not 
form cambial unions before death, yet they developed suber
ized zones in all cortex union areas. This indicated that the 
physical structure of the union had no role in symptom initia
tion. 

Second- to Fourth-Year Sympto1n Developme1it. The 13-
month collection, 4 weeks after the grafts were ret11rned to the 
greenhouse, revealed more cambial activity in the stock than 
in the scion. Uneven initial periods of springtime cambial 
activity are normal for Douglas fir grafts. Stock tissues were 
_juvenile, and scions were usually collected from 40- to 150-
year-old trees. The normal timing in seed orchards was for 
stock branches to burst vegetative buds long befo.re scion 
branches. The same situation also occurred with greenhouse 
grafts grown in pots. Even though stock tissues began de
velopment earlier than scion tissues, at the start of each grow
ing season, no cambial breakage or tearing was evident. Dif
ferences in springtime cambial activity were not correlated 
with initiation or penetration of suberin zones. It should be 
noted that the 13-month collection .iust described was too small 
for acct1rate determination of percentage valt1es fo1· st1berin 

133 



initiation and development 01· fo1· formation of xylem wou11d 
areas. 

External symptoms of incompatibility became visible on 
some grafts during the second yea1·. Scion needle d1·op and 
chlorosis at the sta1·t of the second yea1· was followed by graft 
failure within the following 2 months. Twenty-three pe1·cent 
of all grafts living after 220 to 230 days died between the 13th 
and 14th month. Anatomical examination revealed that sub
erin zones had pene•t1·ated f1·om cortex to cambium in all dead 
g1·afts. Death of connecting ba1·k tissues within union zones 
occu1·red between ages of 220-230 da)·s and 13-14 months. 
Suberized are·as p1·esented a relatively impermeable barrie1· 
to water and nutrient movement between stock and scion 
cells. Scion needle drop and chlorosis resulted after scion 
and stock tisst1es became sepa1·ated by suberin zones. Even 
xylem ray ce'1ls became necrotic and suberized. This p1·obably 
eliminated all la'ceral water movement between xylem tra
cheids and living bark tissues. 

Deepest suberin penetration withi11 a g1·aft occu1·1·ed in 
union areas that contained the most ve1·tically disoriented tis
sues. Lower rates of cambial activity were thought to result 
in deeper and more extensive suberin development. Number of 
cambial unions within a graft did not influence initiation of 
suberin zones but did affect chance of future g1·aft st1rvival. 
Mo1·tality at the 13- to 14-month collection date was greatest 
in grafts with fewest cambial unions. A greater number of 
union areas increased probability that at least one area would 
not develop suberin zones i11to the c:1mbium. Grafts with 
some unpenetrated cambial area would su1·vive for at least 
another year. Initiation of suberin zones was not affected by 
physical structu1·e of the union, but collections made in the 
first and second yea1·s s.howed suberin zone penetration to be 
altered by union st1·ucture. 

A pattern of sube1·in zone initiation and development, 
similar to that found in g1·afts of the first year, was recorded 
at 15, 17, and 19 months. Suberin zones were generally re
tricted to the cortex during active grov.,th pe1·iods ( 15-month 
collection), and then suberin zones progressed inwards during 
period of slow cambial activity ( 17- and 19-month collections). 
Percentage of grafts with phloem or cambial penetration in 
the second year was less than was recorded for the 220- to 230-
day collections. The probable cause of lower second-yea1· 
values was death of most severe inco1npatible combinations 
during the 13th and 14th months. Although suberin penetra
tion depth was generally less than at 220 to 230 days, percent
age of grafts which had initiated suberin zones was ve1·y sim
ilar between the 2 years. Eighty-six an<i 85 percent of com
patible and incompatible clone grafts, respectively, initiated 
suberin zones i11 October of the second )'ea1· (19-month collec
tion). Those \'alues closely matched the October collection 
values of the first yea,· (220- to 230-day collection), when 83 
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and 86 pe1·cent of the compatible and incompatible clones, 
respectively, initiated sube1·in zones (Table 1). 

A second characteristic internal symptom of Douglas fir 
graft incompatibility was first noted ih the 15-month collec
tion. This symptom will be called a xylem wound area (Fig. 
1). Xylem wound areas, as seen in transverse view, devel
oped at the start of the second growing season where stock 
and scion ceils merged. The areas were composed of irregu
larly shaped tracheids that were disoriented vertically; ligni
fied callus cells that had dark-stained cell contents; and necro
tic areas of crushed, suberized, cambial and .phloem tisst1e. 
Wound callus cells ·were fo1·med only for a short time afte1· 
1·egrafting occurred, and then irregular, disoriented tracheids 
developed. More normal t1·acheids we1·e differentiated late1· 
in the g1·owing season from derivatives of the xylem wound 
cells. Vertical xylem disorientation became less, and c1·oss
section tracheid diameters returned to nearly normal size and 
shape. At the e11d of the g1·owing season, some g1·afts devel
oped no1·mal tracheids, but other grafts continued to produce 
disoriented tracheids. 

Xylem ,vound areas were formed in grafts of both com
patible and incompatible clones. They occurred only in g1·afts 
of 15-, 17-, and 19-month collections that also contained 
suberin zones, but not all suberized grafts developed xylem 
wound areas (Table 1). Size of xylem areas was positively 
correlated with size of suberin zones located in bark opposite 
them. Both incompatibility symptoms varied in size within 
union areas of individual grafts. It is concluded that xylem 
wound areas were formed as a result of prior suberin zone 
penetration of the cambial zone. Autoplastic grafts did not 
develop suberin zones; thus, no xylem wound areas were 
found. 

Comparison of cell types located in xylem wound a1·eas 
with cell types and tissue organization developed after fi1·st 
grafting indicated that regrafting of stock and scion tissues 
had occurred at the start of the second season. As growth 
started the following spring, st1berin zones and cell nec1·osis 
had either caused cambial death or severely disrupted cam
bial continuity. When spring growth began, a continuous 
cambial zone no longer existed bet,veen stock and scion. 
Mitotic activity of stock and scion cells near suberized and 
necrotic cambial areas resulted in formation of extensive 
callus areas. If grafts were to survive, a continuous bridge of 
living cells had to fill the gap between stock and scion. Grafts 
that succeeded in breaking through suberin zones later dif
ferentiated new cambiums across bridge areas. Newly organ
ized cambium formed irregular and vertically disoriented 
tracheids. Cell types in regraft a1·eas were different from 
those formed immediately be·fore 01· afte1· regrafting and pro
vided excellent visual evidence of severe scion-stock incom
patibility in Douglas fi1·. Thus, reg1·afting 1·est1lted in foi·-
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mation of xylem ,vound a1·eas. This symptom will be of diag
nostic value for estimating incompatibility of new clonal se
lections for future orchards. 

Examinations of 2- to 4-year-old seed orchard grafts, 
which were dead or dying of incompatibility when collected, 
revealed that xylem wound areas developed in all xylem 
union areas at 'che sta1·t of the second year's growth (Fig. 1). 
No graft formed xylem wound areas one year and then re
verted to normal the following years. Also, no graft union 
that was normal the first few yea1·s developed xylem ,vound 
areas in later years. If a stock-scion combination was in
compatible enough to cause xylem wounding, it began the 
process at the start of the second year. Xylem wound area 
was found in all union zones where cambium-to-cambium con
tact existed between stock and scion. The grafts had previ
ously survived by regrafting each yea1· until the time came 
when 1·e,grafting failed and the graft finally died. After re
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chard grafts we1·e seen exte1·nally as scion overgrowths, and 
still later, as chlo1·osis and needle d1·op. G1·afts only 2 to 3 
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A summary of the g1·aft mortality and union anatomy 
data revealed that 26 and 63 percent of compatible and in
compatible and scion clones, respectively, showed symptoms of 
incompatibility severe enough to cause death or regrafting at 
the start of the second year. Regrafti11g will ultimately fail 
and then graft de,ath will occur. It should be remembered 
that only worst incompatible and most compatible clones were 
examined in this study. A collection of grafts from nonse
Iected clones might have an incompatibility value between 26 
and 63 percent. 

Symptoms of Douglas fi1· g1·aft incompatibility resemble 
but are slightly different f1·om symptoms 1·eported by pomol
ogists. Re,peated 1·egrafting is an old sto1·y to apple worke1·s, 
so this symptom is not specific fo1· Douglas fir. Ma_jor charac
teristic separating Douglas fir incompatibility f1·om othe1· 
plants was area of suberin initiation. Pomological literature 
repo1·ted that sube1·in zones begin in phloem or cambium. This 
study has shown that sube,1·in zones in Douglas fir are always 
initiated at some point in the cortex. The zone is never form
ed first in phloem 01· cambial areas but reaches those tissues 
only after inward penetration f1·om its cortical point of origin. 

Cause (s) of incompatibility in Douglas fir are uncertain. 
However, it is evident that a simple growth rate difference 
between stock and scion is not the cause, that different per
iods of growth initiation had no effect on stock-scion com
patibility, and that physical act of union formation did 11ot 
cause incompatibility. The results of this study suggest that 
inverse correlation exists betwee11 rate of sube1·in penetration 
and amount of cambial activity. A biochemical antagonism, 
01· possibly an antigen-antibody 1·eaction, might exist between 
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phenology have bee·n ruled out as causes. Vi1·al infections or 
biochemical antagonisms caused th1·ough stock-scion interac
tion might be causes of symptom initiation. 

MODERATOR DOUGLASS: The next speake1· is Ralph Jack, 
who is the owne·r of the Silver Falls Nurse1·y and Ch1·istmas 
Tree Farm, Silverton, Oregon, which is in the Cascade Foot
hills, east of Salem. Mr. Jack has specialized in growing 
some 200 varieties of trees and shrubs for the wholesale mar
ket; these include Christmas trees, Christmas tree planting 
stocks, specimen t1·ee•s, ornamentals and banzais. Ralph Jack: 

FIELD PRODUCTION OF CONIFERS 
RALPH A. JACK 

Silve1· Falls Nu1·se1·y a1tcl Cli1·istmas T1·ee Fa1·m 
Silve1·to11,, 01·egori 

Ou1· nu1·se1·y a11d t1·ee fa1·m has as ob.iectives: (1) 1·ais
ing seedlings and transplants fo1· ou1· use in growing Christ
mas trees, which we wholesale and (2) producing containe1· 
stock fo1· wholesale to nurse1·ies, as ,vell as fo1· ou1· own mail
order retail business. 

We are located at Silverton Hills nea1· Silverton, 01·egon, 
in the Cascade foothills at an elevation of 1500 feet. We are 
15 airline miles east of Salem, 01·egon. 011r soil is Olympic 
clay loam and is of a medium texture. Locally it is called 
''shot'' soil. 

We gathe1· some conifer seeds for our own us.e, such as 
noble fir, western and mountain hemlock, Abies magnif1'.ca and 
Abies concolo1·. Noble fi1· is collected in the Cascades at 
3500-4000 feet elevation. Abies co1·tcolo1· and Abies magnifica 
are collected in the Sier1·a N e,rada mountains of California at 
about 7000 and 8000 feet ele,,ation, respectively. We buy most 
of our seeds. 

Seed is stratified in one of two ways; (1) with damp peat 
in plastic bags-507,J seeds and 50 '¾i peat with moisture 
squeezed out-or (2) soaked overnight, drained and placed in 
plastic bags. For both methods we keep the seed in cold stor
age at 34 ° to 41 ° F. f1·om five to eight weeks. We try to plant 
them .iust as soon as sprouts appear. 

Seed bed preparation incl11des plowing with a rotary plow 
which breaks the soil int-o particles about ½1 inch size. Vapam 
has been used in the past for soil ste1·ilization. Beds are 34 
inches wide, and are cultivated and raked. Se,eds are broad
cast by hand, then cove1·ed with 1/4 to % inches of fine soil. 
This is either done by hand or by a traile1· following a tractor. 
Sifted soil is shoveled onto a 4' x 4' plywood piece with a long 
handle. One man 1·ides the t1·aile1· and shakes the board to 
drop the soil off evenly onto the seeds. 

Seed beds a1·e enclosed by wooden f1·ames 3' x 12', made 
of 1 x 4 l11mbe1·. Ha1·clware cloth ( 1/:!'' x 1,/:!'' mesh) is nailed 
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on top. This protects the seeds from birds and field mice. 
G1·ound squirrels and sometimes field mice will burrow unde1· 
the sc1·eens. For them we place a small alumi11um containe1· 
of poisone•d barley or wheat in eve1·y fourth f1·ame. Our nu1·
se1·y is borde1·ed on three sides by timberland so ou1· ''va1·
mint'' problem is g1·eate1· than it is in more settled communi
ties. Seed beds a1·e sp1·inkled by i1·rigation lines once or twice 
daily. We t1·y to g1·ow 25 seedlings pe1· square foot. As conife1· 
seeds range f1·om 400 to 240,000 seeds per pound, ou1· plant
ings are only roughly at the 1·ate we desire. Extremely small 
seeds are either mixed with sand fo1· planting 01· a1·e scattered, 
then spread by a ve1·y light raking. Fifty percent shade is re
quired for seedlings of most sp1·uces. For them we use lath 
nailed over the sc1·e,ens above the hardware cloth. We had been 
advised that lath alone 011 the frames ~1ould frighten the bi1·ds 
away but we found the lath was merely a good landing field 
fo1· the bi1·ds who hop right down th1·ough into the seed beds. 

Almost all of our seedlings are transplanted. They are 
dug, root-pruned and. wrapped in crinkly waterproof paper or 
one-mil plastic with the• roots covered with damp peat 01· 
shingle tow. Ou1· t1·ee planter is a ''Root Spread''. It has a 
double plow which opens a furrow several inches deep and 
about four inches wide. We can place the roots and keep the 
trees straight. Rubber tired packing wheels tamp them. If 
the soil is at .iust the right dampness nothing fu1·the1· is re
qtiired. On days when the soil is not good for planting I have 
a man follo\v. straighten any seedlings that are leaning and 
tamp each one by stepping near it. We use this planter for 
seedlings 7 to 24 inches tall, planted 8 to 16 inches apart. We 
also use it fo1· planting Christmas trees. For smaller seed
lings we use a two-seate1· berry-type planter. Seedlings are 
placed between t:wo fiber disks which rotate and release them 
right side up in the row which the machine has opened. Metal 
wheels tamp them. We plant f1·om 3 to 12 inches apart. Many 
seedlil!gS are hand-transplanted. We use either planting 
boards, t1·enching tools, or hoe and trowel. We have tried 3-foot 
planting boards crosswize or 12-foot boa1·ds lengthwise of the row. 
We find the shorter ones are bette1· as two planters can work, 
one from each side without being on the t1·ansplant bed. We 
had a tool made for trenching. A piece of flat 1/s'' steel, 7'' x 
20'', has a light piece of one-inch angle iron welded across the 
long edge. This provides a wide edge upon which to step. A 
27'' handle of 1/2'' pipe has 12 i11ches of 1/2-inch pipe welded 
across the handle for hand g1·ips. One can open prepared soil 
by inserting this into the soil then w1·iggling it back and forth. 
Trees are pla:::ed in the opening. Opening the next trench 
tamps those previously planted. At certain soil moisture levels 
the soil sticks to the trencher. This is a nuisance and slows 
work. Our planters prefe1· to use the hoe and trowel method. 
Prepared soil is opened with a nar1·ow 01· pointed hoe. One 
worke1· ope11e. the trench ~1cross the 1·ow. One ,,,omen at each 
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side of the row places and covers the trees. 
Field plantings of conifers for Christmas trees are made 

with a tree planter, planting 4 x 4 feet for true firs. We grow 
red fir, Abies ma,qn'ifica; Shasta fir, Abies magnifica var. 
shastensi,<:; white fir, Abies co11,colo1·; and noble fir, Abies pro
ce1·a. True firs command top prices, require no pruning un
less injured, have excellent tape1·, good color and are good fo1· 
stump culture. In our soil, with one heavy irrigation in late 
June, the trees grow about the right amount (about 12 inches) 
per year. True firs have even whorls of four to seven seg
ments. This gives the trees an excellent shape. Fertilizer is 
used only about very two years. Two ounces of ammonium 
sulphate per tree is sprinkled near the drip line. It must be 
kept off the foliage as it will burn the· 11eedles. Nitrogen helps 
needle length and improves color. Trees that were culls one 
season became pre•mium trees the next after ammonium sul
phate was applied. We apply the fe1·tilizer .it1st prior to the 
June irrigation. Alternate years we spot fertilize only those 
trees that appear to need it, either because of slow growth or 
yellowish color. 

True firs lend themselves to ''stump culture''. Our policy 
is that if a tree is good all the way down we cut it near ground 
level. If one or more whorls are irregula1· we cut _just above 
them. This leaves a whorl or more of limbs to keep the roots 
alive. Limbs will either turn up and form a tree, or central 
shoots will form which will make an excellent tree. We pre
fer to use the central shoot. When limbs turn up for a year 
or two the new tree will tend to be flat. A central shoot will 
produce a symmetrical tree. Abies concolor limbs will produce 
a nice tree without waiting for a center shoot. I have found 
that to get good central shoots the stump should be cut with
in one inch of the whorl that is being left. We allow two or 
three central shoots to grow until they are about one foot tall. 
We select the be•st one and prune off the others. These we 
prune about two inches long so they will form more central 
shoots. We have five-foot stump culture trees nearly ready 
to harvest, with another shoot a foot tall growing to form the 
third tree from the stump. 

Where we live deer are in our fields every night. Of 
40,000 trees we lose about six per year where bucks rub the 
velvet off their horns. Perhaps they ruin a few others but we 
see little evidence of it. Jack rabbits like to bite off A bies 
con,color trans.plants which are about twelve inches tall. We 
dispose of some of the rabbits, but found the best remedy is 
to plant more trees. 

All true firs seem to be subject to frost damage under cer
tain conditions. Perhaps some seasons the buds come out too 
early. After all, our true firs are displaced 600 miles and 
6000 to 7000 feet in elevation from their native habitat. 

True firs are 
or· rabbit damage. 

tough enough to start new tops after frost 
We select the best top and pr11ne off the 
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others. Of those we g1·ow, Abie1:1 co'rlcolo1· t1·ees seems to be 
most affected by frost damage but they recover 1·eadily. 

MODERATOR DOUGLASS: We have one more presentation 
in this session. John Walters is the Director of the Universi
ty of B1·itish Columbia Resea1·ch Forest, Haney, B. C. John, 
we understand you have developed an ingenious gun for liter
ally ''shooting'' planting stock into the g1·ound. It will be our 
pleasu1·e to have you explain this to us. John Walte1·s: 

CONTAINER PLANTING IN FORESTRY 
JOHN WALTERS 

Re1:1ea,1·cli Fo1·est, Unive1'sity of B1·iti1:1li Co[,u,111,b,ia 
Haney, B1·itisli Columbia 

Forest t1·ee planting began about 400 yea1·s ago. Sinl'.e 
that time the methods of tree planting have changed only 
slightly while the p1·inciples have changed not at all. Al
though 1 ½ billion seedlings a1·e planted each year in N 01·th 
Ame1·ica we 1·ely still on the same techniques which we1·e de
veloped for much smaller quantities of planting stock at a 
time when labou1· costs were insignificant. Fo1·estry in the 
Pacific No1·thwest cu1·rently relies on manual methods to plant 
two-year-old bare root Douglas fir seedlings. About 500 trees 
per man-day a1·e planted with this technique, currently in wide 
use in the Pacific Northwest. 

Today, we a1·e faced with the problem of accomplishing 
a monotonous, tedious .iob with a labour fo1·ce which is rapid
ly diminishing in te1·ms of quantity and quality. In some re
gions an attempt has been made to mechanize this operation 
by borrowing techniques from agricultural p1·actice and by 
modifying agricultural equipment such as the broccoli plant
er. These tractor-drawn implements do not operate well on 
sandy and rocky soils, nor do they do a good .iob of planting 
on rolling terrain. Moreover, much of the terrain of the Pacific 
Northwest is inaccessible to this type of furrow-making plant
er. Besides the steep slopes broken by granitic outcrops, the 
areas are littered ,vith large volumes of heavy logging debris. 

Howeve1·, regardless of the topographic conditions of the 
planting site, present day reliance on bare-root seedlings lim
its the development and introduction of new planting methods. 
Bare-root seedlings, having dimensions and succulence which 
vary from seedling to seedling, have obliged all modern tree
planting machines to rely heavily on manual aids both dur
ing the insertion of seedlings into the furrows and also, subse
quent to planting, follow-up operations to improve the job 
done by the machine. Moreove1·, critical requirements of seed
ling physiology must be protected during the planting opera
tion. The accommodation of these 1·equirements imposes 
stringent demands upon the planting process and it is safe 
to say that bare-root planting 1·equires more accommodation 
than any other method, whether machine or manual. 
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time when labou1· costs were insignificant. Fo1·estry in the 
Pacific No1·thwest cu1·rently relies on manual methods to plant 
two-year-old bare root Douglas fir seedlings. About 500 trees 
per man-day a1·e planted with this technique, currently in wide 
use in the Pacific Northwest. 

Today, we a1·e faced with the problem of accomplishing 
a monotonous, tedious .iob with a labour fo1·ce which is rapid
ly diminishing in te1·ms of quantity and quality. In some re
gions an attempt has been made to mechanize this operation 
by borrowing techniques from agricultural p1·actice and by 
modifying agricultural equipment such as the broccoli plant
er. These tractor-drawn implements do not operate well on 
sandy and rocky soils, nor do they do a good .iob of planting 
on rolling terrain. Moreover, much of the terrain of the Pacific 
Northwest is inaccessible to this type of furrow-making plant
er. Besides the steep slopes broken by granitic outcrops, the 
areas are littered ,vith large volumes of heavy logging debris. 

Howeve1·, regardless of the topographic conditions of the 
planting site, present day reliance on bare-root seedlings lim
its the development and introduction of new planting methods. 
Bare-root seedlings, having dimensions and succulence which 
vary from seedling to seedling, have obliged all modern tree
planting machines to rely heavily on manual aids both dur
ing the insertion of seedlings into the furrows and also, subse
quent to planting, follow-up operations to improve the job 
done by the machine. Moreove1·, critical requirements of seed
ling physiology must be protected during the planting opera
tion. The accommodation of these 1·equirements imposes 
stringent demands upon the planting process and it is safe 
to say that bare-root planting 1·equires more accommodation 
than any other method, whether machine or manual. 
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Fr·om the biological point of view the best method is the 
one which provides fo1· the least disturbance of the root sys
tem. This requires that the seedling be moved from nursery 
to planting site with its roots still in the soil in which it ger
minated. In horticultural practice this has been accom
plished best by ball-root planting, and, inc1·easingly, by con
tainer planting. The ove1·1·iding advantages of container 
planting a1·e: firstly, that it requires least accommodation in 
te1·ms of protecting seedling condition and, secondly that it 
permits the fixing 01· stabilizing of seedling dimensions so 
that seedlings can be mete1·ed mecha11ically throughout nur
sery, transpo1·tation, and planting processes. 111 the face of 
these crucial advantages it is inc1·edible that container plant
ing in fo1·estry was almost completely ignored until after the 
Second Wo1·ld War. The 1·eason fo1· this neglect is not clear 
but 1·ecently fo1·est1·y has made seve1·al attempts to catch up. 
Pape1· bags t1·eated with asphalt have been tested in Europe. 
Containe1·s made of tin, concrete, galvanized iron pipe, palm 
leaves, banana bast, sunflower stems, bamboo, and wood ven
eer have, been used extensively, specially in the tropics. Poly
ethylene bags are used in the semi-arid a1·eas of Africa and in 
Taiwan. By fa1· the most popular is the peat pot common to 
horticulture. This yea1· the Swedish government and indus
try are spending nearly 1 million dollars in an attempt to de
velop a mechanical planting system using peat pots. The 
main disadvantage to this type of containe1· is associated with 
its lack of 1·igidity and its 1·apid dete1·ioration, resulting in 
high labou1· costs. Synthetic rooting media are also being 
tested. One of these is a polyu1·ethane foam, containing nut-
1·ients, developed by Dow Chemical Co. which is being tested 
at U. B. C. Resea1·ch Forest. 

Increasingly, forestry is turning to plastic tubes of var
ious kinds. In Albe1·ta, government and indust1·y have coop
e1·ated to test seve1·al types made of vacuum-formed polyethy
lene or extruded polyethylene; 18 million polyethylene tubes 
were planted in Onta1·io last yea1· and the prog1·am in 1967 
calls for 37 million. In all of these containers, the growing 
medium, usually soil, 01· sand and peat, is pou1·ed in and the 
seed inserted using various semi-mechanical aids. The cru
cial disadvantage of this type of semi-flexible containe1· is, 
however, that its composition and design limit its suitability 
for total mechanization in any of the nursery, transportation. 
and planting processes. 

In an attempt at the Univer·sity of British Columbia to 
develop a new planting method which could be totally mech
anized, old principles we1·e _joined to new techniques and this 
method has been under development and test in B. C. since 
1950. The devices described he1·e are called the planting gun 
and bullet (Figures 1 and 2). 

Although the objective of the project was to mechanize 
planting, the conditions under which reforestation are carried 
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oLtt ir1 n1L1t h of t he P<tcif'ic N()r·t hwest clictate t ha·t t he machin
e ry must be manL1ally tr·an •p,orted over the planting sites. 
Thi .: fact st1"ic tly lin1its the v\reigh t and method of operation 
of machi11ery. The planti11g gL1n1 weighing seven teen pounds, 
iR ._ t1fficientl:y" light a11d conve11ie11t to be portable over logg
ing clebl·is 011 ~teep a11 c1 r·ocl{y slopes. I t also became evicle11t 
ea1~1:\' i11 this pr·oj ect tha·c mechanical metering of lar·ge nt1n1-
be1·s c)f eec1ling L111c1e1" l"L1g·ged fi eld con di t ion , 1--ec1t1i1·ed t hat 
t he dim en Rions of the seec1ling shoulc1 be constant a11d that 
this cot1-ld be accon1pli heel wi·thi n 11ar ro\v tolerance , only by 
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duced from a 1·elatively inexpensive material. Sty1·ene plastic 
was chosen to fill the latter requirement and the needs of 
mass production met by injection molding. The bullets' are 
21/2 in., 31/2 in., 41112 in., and 51/2 in. in length, are 3/11 in. in 
outside diameter, and have walls 1 /16 in. in thickness. The 
wall of each bullet is weakened by a slit which is 1/16 in. wide 
and which extends longitudinally from the rim to a hole near 
the point of each bullet. The hole is ¼ in. wide and 1/2 in. 
long, and is offset f1·om the point to permit passage of the 
1·oots while preserving the essential profile and strength of 
the bullet. A longitudinal groove, 1/32 in. deep, and diamet
rically opposing the slit fu1·the1· weakens the bullet and acts 
as a fulcrum for the unfolding bullet as root growth widens 
the slit. The bullets are molded in st1·ips of twelves and re
ceived from the facto1·y in disposable plastic racks. 

Bullets a1·e filled with University of California Soil Mix 
C (Fertilizer I) and seeded mechanically. The machine 
weighs 1,000 pounds. A ¾~ HP compressor actuates a turn
table which co1npletes one 1·evolution per minute in fou1· equal 
stages controlled by a solenoid. The compressor also oper
ates soil-metering grids on diametrically opposed soil hoppe1·s, 
a t1·acked seed-pan, a seede1·, and a soil-tamper. The machine 
is ad.iustable to accommodate bullets 1·anging in length from 
21/2 in. to 51/2 in. Plastic trays containing 18 strips of bul
lets, are placed below the main soil hopper which fills the 216 
bullets simultaneously with soil mix. A quarte1· turn of the 
table carries the tray to the second position where the soil is 
mechanically tamped. The transfer of the tray to the tampers 
clears the first position fo1· the insertion of a second tray of 
bullets. Anothe1· quarter-ttirn carries the first tray to a sec
ond hopper which refills the tamped bullets. Finally, in the 
fourth position, the wheeled seed pan 1·olls under, and lifts 
up to, 216 vacuum-ope1·ated nozzles each of which picks up 
one seed. When the seed-pan rolls back, the nozzles are low
ered to meet the incoming tray of bullets. The operation is 
synchronized to 1·elease the vacuum when the nozzles are sub
merged l/4'~ in. below the rim of the bullets. The tray, filled 
with soil mix and seed returns to the first position where it 
is 1·emoved and placed in the lath shed. Completed in one 
minute each revolution of the turntable fills 864 bullets. 

T1·ays of seeded bullets a1·e placed in troughs and sub-i1·-
1·igated. When ready fo1· planting, seedlings in the plastic 
t1·ays a1·e transported to the planting site and transfe1·1·ed to 
the pack-boards of the planting gun operators. 

The planting gun is a tubular device, which inserts the 
bullet-shaped plant-pots, each containing a t1·ee seedling, into 
the ground when a downward force is applied manually to the 
gun handle. When the downwa1·d fo1·ce is discontinued, a 
coil spring extends the gun to actuate blades which cut one 
bullet from the st1·ip of bullets in the magazine. The bullet 



then drops to the muzzle of the gun whe1·e it is held ready fo1· 
planting. Tests carried out since 1957 at the University of 
British Columbia Research Forest p1·ove that the bullets are 
shattered by root growth after three or four growing sea
sons, depending on site quality and rate of growth. 

Some of the containers described here were introdt1ced 
with the sole purpose of improving survival and subsequent 
growth. This wo1·thy ob.iective is no longer adequate and 
must be supplemented by mechanical aids. It is al1·eady ap
parent that for biological and mechanical reasons each phase 
of a container p1·ogram has impo1·tant implications fo1· other 
phases. Because of this, revolutiona1·y techniques of sowing, 
growing, transporting, and planting will be developed in the 
very near future. It seems certain that many of these tech
niques will have applications in agriculture and horticulture 
as well as forestry and that each of these three sciences will 
benefit by learning and borrowing from the others. 

VICE-PRESIDENT TICKNOR: The moderato1· for ou1· second 
session this morning, which is on ''Chemicals and Plant 
Growth'', is Dr. J. W. Neill. Dr. Neill is in the faculty of the 
Division of Plant Science, University of British Columbia, 
Vancouver. Dr. Neill: 

MODERATOR NEILL: I am most happy to be here 
and to give you my own word of welcome to British 
Columbia. The subject matte1· fo1· this session is a ve1·y ft1n
damental and important one to all of us - ''Chemicals and 
Plant Growth." Our fi1·st speaker is D1·. Dennis Lavender, 
from the Forest Research Labo1·ato1·y, Oregon State Univer
sity, Co1·vallis. D1·. Lavender has spent some 20 years in for
est research in the Pacific Northwest. He is going to discuss 
the role of growth regulators in the physiology of Douglas fir 
seedlings. Dr. Lavender: 

THE ROLE OF GROWTH REGULATORY SUBSTANCES IN THE 
PHYSIOLOGY OF DOUGLAS FIR (Pseudotsuga menziesii 

(Mirb.) Franco) SEEDLINGS 
DENIS P. LAVENDER AND JOE B. ZAERR 

Fo1·est Resear·ch Labor·ato1·y, School of Forestr·y 
01·ego1i State Unive1·sity 

C 01·vallis, 01·e go1·i 

Douglas fi1·, in common with most conife1·s, is character
ized by extremely slow seedling growth and by ve1·y hetero
genous populations. Obviously it does n<)t recommend itself as 
an experimental organism to physiologists studying basic pro
cesses in plant growth. It is not surprising, then, that there 
a1·e little data describing chemical g1·owth regulation of this 
species no1· that the great majo1·ity of the existing information 
is derived f1·om highly empi1·ical trials. Unfortunately, while 
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such studies may define areas where more sophisticated tech
niques may be employed to elucidate physiological phenomena, 
they do not, in themr:;elves, provide data describing the role 
of plant growth 1·egulators in Douglas fir physiology. 

The first part of this paper will be conce1·ned with the 
afo1·ementioned trials; the second, with problems we have en
countered in our at'cempts to measu1·e endogenous growth 
regulators; and the last, ,vith current studies designed to de
fine the role such endogenous 1·egL1lators play in the physi
ology of Douglas fir seedlings. 

Table 1 is a compilation of the chemicals reported which 
have been employed in studies of g1·owth 1·egulation of Doug
las fi1·. It does not include, however, such synthetic plant 
growth regulato1·s as the phenoxy g1·oup which have been 
used p1·imarily as silvicides. 

The term ''growth retardants'' is defined by Cathey (5) 
as ''chemicals that slow cell division and cell elongation in 
shoot tissues and regulate plant height physiologically with
out formative effects''. Optimum applications of these ma
terials will 1·esult in 1·educed plant size but not reduced vigor 
or development. 

The first such chemical, B-995, is a member of a new 
class of g1·owth retardants which are somewhat similar to 
maleic hyd1·azide ( 5) . J1t has been shown to retard growth of 
apples, pears, che1·ries, and other plants (3). In our labora
tory, one-month-old Douglas fir seedlings were sprayed to the 
drip point six times at bi-weekly inte1·vals with aqueous con
centrations up to a maximum of 4,000 ppm. When the four
month-old seedlings were harvested, no treatment effect upon 
dry weight was found and only the highest concentrations re-

'!'able I. Gro,vtl1 Reg11latory Cl1e111icals 1\Jlpl1c,l 1,, l)o11glas l'i1 Sec,llings 

B-995 (N-dimethyl amino succinamic acid) 
CCC ( [2-chloroethyl] trimethylammonium chloride) 
Phosfon D (tributyl-2, 4-dichlorobenzyl phosphonium chloride) 
maleic hyd1·azide ( diethanolamine salt of 6-hydroxy-3 (2H 

pyridazinone) 
naringenin (4', 5, 7-trihydroxyflavanone) 
abscisin II (dormin) (3-methyl-5-[2', 6', 6'-trimethyl-1' hydroxy-

4'-keto'cyclo-hexa-2' -enyl) cis-tt·ans-2.4-
pentadienoic acid) 

SD 8339 ( 6-(benzylamino ]-9-[2-tetrahydropyranyl]-9H-purine) 
gibberellic acid 
indoleacetic acid 
alpha-naphthaleneacetic acid 
indolebutyric acid 
kinetin (6-furfurylaminopu1·ine) .. 
MDB (2-methoxy-3, 6-dichlorobenzoic acid) 
TPP (2,4,5-t1·ichlo1·ophenoxypropionic acid) 
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duced stem elongation (32). Fu1·the1·, Pha1·is et al (27) 1·e
port no significant effect of an 8,000 ppm soil drench applied 
twice weekly for two months upon the growth of two-year-old 
Douglas fir seedlings. 

The second compound, a tJUarternary ammonium com
pound abbreviated CCC, is an analogue of choline. It has been 
shown to retard the g1·owth of the majority of plants tested 
(5). Lang and co-worke1·s have conclt1ded that the mode of 
action of CCC is inhibition of the biosynthesis of gibberellins 
which are required for growth p1·ocesses (16, 25). Wo1·kers 
at the Earha1·t Plant Research Laboratory repo1·t that CCC ap
plied as a 5,900 ppm soil d1·ench twice weekly for two months 
had no significant effects upon the g1·owth of two-year-old 
Douglas fir seedlings (27). Simila1·ly we have found that 
this chemical is not effective in 1·eta1·ding the growth of Doug
las fir seedlings when employed as a soil drench at concent1·a
tions up to 0.02 o/a of soil weight of the active material. How
ever, seedlings sprayed at bi-weekly intervals with concen
trations up to 2,500 ppm active ing1·edient developed marked 
chlo1·osis and g1·eatly sho1·tened crowns. Plants t1·eated with 
2,500 ppm we1·e ve1·y bushy and weighed less than one third 
of the cont1·ol seedlings at the end of the fou1· month study 
(32). 

A second qua1·te1·na1·y compound, phosfon-D, has been 
1·eported to 1·educe inte1·node growth and to produce da1·k green 
leaves fo1· a number of test plants (5). In common with the 
previous two 1·etardants, this chemical J1as been most effective 
when applied to dicotyledons. Several trials with Douglas fir 
seedlings have demonstrated either no, or erratic, height 
growth control, but inc1·easing levels of the chemical in the 
soil-up to a maximum of five grams of active material per 
quart of soil-resulted in increasing chlorosis of the. seedling 
foliage (22, 27, 38). 

In contrast to the above compounds, Cathey ( 5) describes 
maleic hydrazide as a ''gro,vth inhibitor''. a class of compounds 
which may suppress growth completely in treated plants. 
Maleic hyd1·azide suppresses apical don1inance and frequently 
1·esults in plants with grea'cly shortened internodes and dark 
green foliage ( 5). One-year-old Douglas fir seedlings in nur
series in England were sprayed with 0.05, 0.1, and 0.2 % 
aqueous solutions of maleic hydrazide during the period of 
bud swell in the spring ( 15). The purpose of such treatment 
was to control seedling size and late season flushing, but no 
significant response in seedling growth was noted. In con
trast, seedlings sprayed with maleic hydrazide in late sum
mer in the Nisqually Forest Nursery failed to form terminal 
buds and subsequently died during the winter'. 

The next two compounds, naringenin and abscisin II ( dor
min) have been shown to be associated with the biochemistry 
of dormancy of ce1·tain perennial plants. Hendershott and 
1Personal commu111cat1on frvtn Dr J \V Dt1ff1cld. December, 1962. 
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Walker (18) and Phillips (28) have shown that naringenin 
is present in extracts from dormant peach flower buds and 
apparently plays a role in maintaining dormancy in this spe
cies. It is one of the flavenoids reported to occur naturally in 
the flowers, but not in other tissues of Douglas fir (21). 
However, there is no e·vidence that the dormant buds of 
Douglas fir were examine::l for this chemical. Two-month-old 
Douglas fir seedlings were sp1·ayed to drip point at our lab
oratory with aqueous solutions of na1·ingenin from 5 to 625 
ppm at six bi-weekly intervals. The seedlings were maintain
ed unde1· an 18-hour photoperiod and a 25°-15° C. thermoper
iod. A similar second trial e·mployed 1 o/a naringenin in lano
lin applied to seedling epicotyls. No effect of the t1·eatment 
on height growth or 011 initiation of dormancy was noted in 
either e·xpe1·iment. 

Abscisin II ( dormin) has been found in birch and syca
more, cotton, and a wide range of other higher plants (9, 10, 
11, 13). Wareing and co-worke1·s have shown this substance 
to be associated with g1·owth inhibition or dormancy in both 
birch and sycan1ore ( 13, 33). In our laboratory, two-month
old Douglas fir seedlings were sprayed to drip point one, two 
or three times at bi-weekly intervals with concentrations of 
from O to 25 ppm. The seedlings were maintained under an 
18-hour photoperiod and a 25°-20° C. thermo period for three 
months after treatment. No treatment effects upon seedling 
crown length, total dry we,ight, or initiation of dormancy were 
found at the· conclusion of the study. No effects of the appli
cation of this chemical in lanolin at concentrations of 0.1 or 
0.01 o/,J upon seedling growth were noted in a parallel trial. 
The data may reflect the low concentrations of active mater
ial employed, although one part of abscisin per billion has 
been reported to cause detectible inhibition of Le1nna mino1· 
growth (26). However, without definitive data upon the ab
sorption and ti·anslocation of this material by Douglas fir seed
lings, it is impossible to determine if the lack of response was 
caused by the inactivity of abscisin in Douglas fir or the fail
ure of the plant to absorb or translocate the material to an 
active site. 

The remai11ing compounds in Table 1 a1·e generally con
sidered to be growth promoters a11d are termed ''cytokinins'', 
''gibberellins'' or ''at1xins''. 

Cytokinins have held a fascination for plant physiologists 
ever since their discove1·y a few years ago. One of their dis
appointing properties, however, was that they do not seem to 
be translocated in the plant. If applied to a leaf, they tend to 
1·emain in that leaf. Dr. J. van Overbeek, at the Shell Develop
ment Laboratory, Modesto, California, attempted to formu
late a cytokinin which would be translocated in plants. The re
sult was SD 8339, the code number fo1· 6-benzylamino-9-(tetra
hydropyranyl) -9H-purine. This compound did appear to be 
t1·anslocated i11 plantp, and appeared to be a plant growth i·eg-
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ulator. When applied to grapes, it increased fruit set and 
increased the size of the berries ( 36) . 

Two-month-old Douglas fir seedli11gs were treated with 
concentrations of SD 8339 as both aqtieous folia1· sprays and 
in lanolin paste, acco1·ding to the schedule p1·esented in Table 2. 

Tal1lc 2. 'f1·eat111c11t Schccl11le [01· SD 8339 

Aqueous sp1·ay ( to dr·ip point) 
(1) Control - 3 % ''Tween 20'' and 6% ETOH. 
(2) 500 ppm SD 8339 in above solution. 
(3) 1000 ppm SD 8339 in above solution. 
( 4) 5000 ppm SD 8339 in above solution. 
Solutions applied: (a) once; (b) three times (at bi-week
ly inte1·vals) or (c) 5 times (at weekly intervals). 

Lanolin ( applied to eithe1· stem tip 01· c:ot11ledo1'/.,<s) 
(1) Control - pure lanolin. 
(2) 0.1 'fv SD 8339 in lanolin. 
( 3) 0.5 o/,; SD 8339 in lanolin. 
( 4) 1.0 o/,, SD 8339 in lanolin. 

Lanolin paste applied: (a) once; (b) three times (at bi
weekly intervals) ; Control: Untreated, intact seedlings. All 
treatments tested on 10 Douglas fir, t\,vo-month-old seedlings. 

Figure 1 illustrates the range of effect of the treatments. 
The first two lanolin treatments produced little change in the 
seedling growth and are represented by the seedlings in 
pots 1, 2, and 3 while t.he high concent1·ation is represented by 
pots 5-6 ( control seedlings are also represented by seedling 
in pot 1). In cont1·ast the increasing concent1·ations of aque
ous sprays 1·esulted in the increasing effect upon seedling 
growth shown by t.he plants in pots 4 to 6 until the highest 
concentration resulted in dying or dead seedlings ( pots 7 and 
8). 

A membe1· of the second major class of plant g1·owth pro
moting chemicals. gibberellic acid, has been shown to be an 
effective growth promote1· for a wide 1·ange of plants, but, in 
general, the greatest response has appea1·ed in herbaceous 
angiosperms (24). Gymnospe1·ms have generally show11 little 
or no response to applications of this compound (29). Ching 
and Ching (7) reported that Dot1glas fir pollen demonstrated 
greater pollen tube growth and more rapid cytological devel
opment on a nutrient agar with up to 1000 ppm of the potas
sium salt of gibberellic acid than did pollen germinated on a 
control medium. Richardson (30, 31) has shown that low 
(5-10 ppm) concentrations of gibberellic acid can stimulate 
the germination of non-stratified Douglas fir seed as well as 
increase the g1·owth of radicles of newly germinated seeds. 
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Fi.g11re I . E..ffccts ()f SI) 83~9 11p011 the growtl1 <)f l)o11glas fir sccdlir1g·s. Seedli11g 
1. C<> 11 tr<l'I; sceclli11gs 7 ~111(1 8 tre,LtecJ wit l1 5()0<) J>JJ111 ac11.1 c<>Lts s,pl·ay. 
N<>l c pr<)l i l'c r;1li(>11 <) f l ,1 t-ereLI l)ltd s nec1r <.tp iccs <,f sccJ li11 g.s '.1 10 G. 

Ho,wever} attemp,ts to modify the growth of older see,dling·s, 
u11der greenhous,e a.nd under f ield condit io,ns, have not only 
failed to produce a positive response (8, 19 , 29, 35) but, in one 
trial (29) actually killed the ·seedlings. It should be noted 
that all these studies repo1tted the use of gib·be1--ellic acid. It 
may be that 011e of the other more recen t ly isolated g ibbe1"ellin 
co·mpounds will be fou11d to be effective on Do·u.glas fir (27 ) . 

Indoleacetic acid, the n1a_jor native indole auxi11 in plants, 
,vas t·i1"•st reporte·d by W e11t ( 37 ) . This compo,uncl is thought 
to be unive1"sally pI·e-sent in highe1" plant,s•, bl1t the only re
co1"ded data on its occ~1rrence in Douglas fir a1"e the jnco11clu
S:ive chron1ato,graphic stt1dies of Dinus ( 1·2). Exper·ience 
with other coniferot1s s.pecies convin,ces us, however·, that the 
negative ,data rep:ort,ed by Young (39) wer·e very probably a 
res.ult of the exper·imenta1 pro.cedures and not by a comp,le·t.e 
lack of diffusible indo·lea.c1etic acid in the test seedlings. Evi
dence that gr·owth re,gulator s might has.ten the onset of dor
mancy of D·ouglas f ir seedli11gs1 p,1'"on1pted trials with incl·ole
.acetic acid at ot1r Co,rvallis nt1rs,ery. NO· effect s t1pon seed
ling p•h enology were noted af·t,er t1--eatn1ent w ith aqt1eous sprays 
of 125 ppm indoleacetic acid i11 May, June, Julv, August. 
However, trials in a controlle·d environment chan1 l1e1" demon-
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strated that one-month-old Douglas fir seedlings produced 
twisted, rigid shoots when sprayed with indoleacetic acid so
lutions at 200-300 ppm. Shoot elongation and shoot dry 
weight we1·e generally reduced by this t1·eatraent (32). Laven
der and Hermann (23) reported that 100 micrograms of in
doleacetic acid applied in lanolin paste 1:o decapitated seedling 
apices significantly increasecl production of xylem elements. 

Although naphthaleneacetic acid is not a natural plant 
ho1·mone ( 4), it has been shown to produce many of the growth 
responses engendered by indoleacetic acid but is, in gene1·al, 
somewhat less effective ( 4). Dr. J. W. Duffield found that 
aqueous sprays of N AA at 125 to 250 ppm applied in At1gt1st 
produced early dormancy in Douglas fir seedlings.' He also 
reported that simila1· spray t1·eatments appeared to increase 
root regeneration of Douglas fir seedlings. lifted in November 
and Decembe1· (2). Heitmuller ( 17) notes that Douglas fir 
cut.tings soaked for 24 hours in a 0.0005 % (5 ppm) solution 
of the potassium salt of naphthaleneacetic acid rooted vigor
ously. while a six-hour period of soaking in 0.002 o/,, (20 ppm) 
naphthaleneacetic acid plus 0.002o/a (20 ppm) indoleacetic 
acid yielded slightly less favorable results. 

The final compounds shown in Table 1 have been employ
ed (indolebutyric acid both singly and in combination with 
naphthaleneacetic acid) in rooting trials of Douglas fir cut
tings at Oregon State Universit.y's North Marion Experiment 
Station. Unfortunately, Dr. Tickno1· reports only erratic 
success with indolebutyric acid and virt.ually none with the 1·e
maining compounds.' 

The above discussion demonstrates that Douglas-fir is 
much less 1·esponsive than many angiospermous plants to the 
major classes of plant growth regulating compounds. This may 
reflect a more primitive physiology which would be consistent 
with the generally accepted theory of the relative primitive de
velopment of conifers in general and Pinacease in particular, 
vis-a-vis the angiosperms. This primitive physiology is also 
reflected by the nature of the pigments in Douglas-fir flowers. 
These flavanoid substances are much less complex than the pig
ments of angiosperms. 

We are concerned with the detection of growth regulators in 
Douglas fir. In the past, portions of grass seedlings have been 
used for the assay of growth regulators, the most well-known 
assay being the Avena coleoptile curvature test. The popular
ity of the various Avena bioassays and similar bioassay sys
tems is probably a result of the historical development of the 
study of ho1·mones and the relative speed and ease with which 
these bioassays can be conducted comp~tred with alternative 
methods. For meaningful results applicable to the intact 
plant, however, the bioassay tissue should be of the same spe
cies as the tissue from which the ext1·act is made. Thus, 
1I)crst)nal cc)rrlmt1n1c,1t1<)ll f1c>n1 l)r J W Duffield. 1Y62 

.!!>c1-;<,n,d \1Hnni11111,-.it1<,n f1(1n1 l)r Rol,c,t L T1l·kn<n, A11gn'-I, Jqf,7. 
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Douglas fir tissue is desirable as a sensing element for growth 
regulators ext1·acted from Douglas fir tissue. 

It would be preferable to use the entire plant in a bioassay, 
not just one po1·tion of it. The intact plant would be more 
likely to contain all of the cofactors necessary for the mani
festation of a naturally-occurring plant growth regulator. 
Furthermore, since our ultimate goal is to identify growth regu
lators which might be used to control the growth of Douglas fir, 
the intact plant is most like,Iy to tell us what we want to know. If 
that approach fails, the next-best procedu1·e would be to use 
portions of Douglas fir plants, prefe1·ably tissue such as a 
meristem, which would be likely to respond to growth regula
tors. 

We have tried both these approaches in our attempt to 
develop a bioassay. To date we have not found a usable sys
tem. With indoleacetic acid as a standard of sensitivity, we 
cannot elicit a response from intact seedlings with less than 
about 10 micrograms of indoleacetic acid per plant. That re
sponse, which is a bending, is too variable to be useful. Flem
ion ( 14) grew excised Douglas fir embryos on filte1· paper to 
determine their ge1·minative capacity. We tried to detect in
doleacetic acid with excised embryos using her technique but 
got no respons.e at all. Our attempts at adapting Allen's ( 1) 
pine hypocotyl test to Douglas fi1· have met with serious prob
lems of bacterial contamination so we have not been able to 
evaluate that method satisfactorily. The hypocotyl section 
test seems to hold the most promise at this time. 

Bioassays using Douglas fir tissue are not easy to con
duct; seed must be stratified and germinated, germinants 
must be grown to the desired size, and the bioassay itself may 
take several days or even a week to conduct. Considerable 
planning is 1·equired to have plants 1·eady for a bioassay when 
they are needed. In addition, a large inherent variability 
must be accepted. The advantages. of a bioassay using Doug
las fir outweigh these disadvantages, however. We plan to 
continue our search for a usable bioassay with Douglas fir 
tissue. 

In his review, ''Dormancy in Woody Plants'', Samish (34) 
suggests that t.he dormant period of pe1·ennials is not a homo
genous phenomenon, but rather a series of distinctly different 
physiological states. He terms these periods as ''quiescence'', 
''preliminary rest'', ''mid-rest'', and ''after-rest''. Each state 
is defined by the growth response produced by an environ
ment favorable to growth. The growth which may be expect
ed during quiescence, preliminary rest, or after-rest is much 
more vigorous than that which occurs during mid-rest. 

Interest in the natural and po'rential artificial regulation 
of dormancy in Douglas fir was stimulated at Oregon State 
University by evidence that seedlings disturbed during rou
tine nursery harves~ procedures in the period from late Sep
t.embe1· until early December we1·e much less able to withstand 
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stress than were plants harvested from Decembe1· to March 
(20). One tenable hypothesis for these da·ta is that physical 
disturbance during the ''mid-rest'' phase of dormancy results 
in a severe delay in the normal seque11ce of concentrations of 
growth regulators. 

The first of a series of experiments expected to establish 
the validity of the above hypot.hesis was designed to define the 
seedling tissues which are the sites of growth regulator syn
thesis during the do1·mancy period. Data from this study in
dicated that: (a) seedling b11ds are the major site of synthe
sis, of growth 1·egulatory mate1·ial; (b) the growth stimula
tory substance ( or sube,tances) prl1duced by active buds are 
not translocated t.o dormant buds; ( c) lateral meristen1 
growth is stimulated by materials exported by acropetal ac
tive buds; and ( d) root growth is independent of shoot activi
ty (23). 

The second series of expe1·iments was conducted to ascer
tain whetl1er application of growth regulato1·y materials to 
decapitated seedling apices cculd change the regulato1·y sys
tem for the plant as a whole. These materials, (indoleacetic 
acid and gibberellic acid) did not affect the activity of the 
roots or buds nor did they stimulate lateral meristems in stems 
with respect to controls, except in the period of transition f1·om 
mid-rest to after-rest. The effect of indoleacetic acid in this 
period of transition provides a clue to the manner in which the 
growth-regulatory system may work. In the fall. buds may 
contain such an accumulation of inhibitors that meristems 
cannot be activated even with the application of exogenous 
growth promotors. At t.he end of mid-rest, the biological ac
tivity of the inhibitors seems to diminish but synthesis of in
trinsic auxin is not sufficient to st,imulate the growth of later
al meristems as much as does the application of exogenotlS in
doleacetic acid. It is during this period, also, that the effect 
of long photoperiods. in stimulating bud activity first begins 
to lessen. and that the foliage appears to export materials 
which may stimulate buds (23). In after-rest, concentra
tions of inhibitors in the buds are very probably sharply re
duced and the production of auxin increased to a level where 
addition of exogenous auxin fails to stimulate meristematic 
activity (20). 

The third year's experiment was designed to measure the 
effects of girdling, defoliation, and debudding of s.eedlings, to
gether with applications. of indoleacetic acid and gibberellic 
acid (19). Data obtained from this study indicate that: (a) 
the activity of seedling root systems, although apparently in
dependent of meas11rable shoot growt.h is, in fact absolutely 
dependent upon materials exported from the shoot; (b lateral 
meristems of s.eedlings which were defoliated produced no 
new xylem elements until the growth o-f acropetal buds had 
produced fully expanded foliage (this is in contrast to growth 
of lateral meristems in intact seedlings which \Vas stimulated 
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by the swelling of acropetal buds) ; and (c) gibberellic acid 
may stimulate proliferation of cortical tissue, but, unlike in
doleacetic acid, does not stimulate production of xylem ele
ments. 

Future expe1·iments will be designed to isolate and iden
tify the substances expo1·ted from buds and foliage, to deter
mine their levels during the different phases of the dormant 
pe1·iod, and to elucidate the effects of nursery practice upon 
the endogenous rhythm in the levels of growth 1·egulating ma
te1·ials in Douglas fi1· seedlings. 
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l l)(i2 

MODERATOR NEILL: We now have Dr. Fenton Larson from 
the Department of Ho1·ticulture, Washington State University 
at Pullman. He will speak on the sub_ject of chemical defolia
tion of deciduous woody plants. D1·. T_,arson: 
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FIVE YEARS' RESULTS WITH PRE-STORAGE CHEMICAL 
DEFOLIATION OF DECIDUOUS NURSERY STOCK' 

FENTON E. LARSEN 
Washingtori State Uriive1·sity 

Pullman, Waslii1igton 

'l'he use of chemicals to defoliate nursery stock dates back 
to at least 1940, when Milbrath, et al., (7), advocated the use 
of ethylene gas for defolia.ting roses in storage, a method that 
apparently wo1·ks well but which has disadvantages. 

The need for early defoliat,ion in the nursery to allow 
ea1·lie1· digging of stock has undoubtedly existed for years in 
many areas. Hand-stripping is a common, but very expen
sive method of leaf 1·emoval. Other non-chemical methods 
(sweating in pits, use of animals, etc.) have been used but all 
have se1·ious limitations. 

Chemically-induced defoliation p1·io1· to digging and sto1·
age is potentially the most p1·omising method of leaf removal, 
but an enti1·ely satisfactory chemical t1·eatment fo1· a wide 
variety of plants has not been found. A number of chemicals 
have been t1·ied (3,4 6,8,9,10,11) by ,1a1·ious worke1·s, but only 
a few have been useful and none has 1·eceived commercial ac
ceptance. A naturally occu1·ring g1·owth 1·egulator, such as Ab
seisin II ( 1), seems potentially to be the ultimate answer, but 
p1·esent information indicates that it, too, lacks the features 
of an effective nu1·se1·y stock defoliant (2) in spite of con
side1·able speculative publicity to the cont1·a1·y. 

An effective defoliant fo1· deciduous woody nu1·sery stock 
should cause 50 % or mo1·e leaf fall in 2-3 weeks and any re
maining leaves should be loose enough to drop during digging 
and handling p1·ior to storage. Little 01· no bud 01· bark dam
age can be tolerated, and the plant must grow normally fol
lowing transplanting. 

Du1·ing the past five years, with the cooperation of sev
eral members of the Washington State Nursery Association, 
a number of chemicals and chemical combinations have been 
tested for nursery stock defoliation in central Washington. 
Various commercial defoliants ( developed primarily for field 
crops) and miscellaneous chemicals were tried. The results 
of these tests are repo1·ted here. 

MATERIALS AND METHODS 
Sprays were applied a'c commercial nurseries in centr·al 

Washington using a po1·table power sprayer operating at ap
proximately 150 psi. Sprays were applied to runoff, using 
rates based on the manufa.cturer's s.uggestions when available. 
At weekly intervals following treatment, until the plants we1·e 
dug and stored by the nurseryman, the pe1·centage defoliation 
was visually determined. Following winter storage, the plants 
1Sc1ent1f1c paper 3034, College of Agriculture, \Vash1ngton State Un1vcr51ty \\'urk \VJS co11• 
ducted under proJect 1690 F111ar1c1al support was given by C and 0, Heath, May, Mt Arbor, 
Milton, Pac1f1c Coa5t and Van\Vcll Nurseries. 
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we1·e replanted for observation in commercial plantings or at 
Pullman in test plots. In all yea1·s, except 1966, single plots 
of 5 plants or more were treated for each cultivar. During 
1966, duplicate plots of 3 01· more plants were used. 

In 1962, treatments we1·e started Septembe1· 28 and repeated 
3 times at weekly inte1·vals on p1·eviously untreated plants. In 
1963, treatments were applied on Octobe1· 17 and 24. In 1964, 
applications were made on Octobe1· 15 and 22 at low concen
trations on the same plants and compared with single higher 
doses. In the yea1·s following 1964, only one application per 
plot was made, but t1·eatments were applied twice, a week 
apart, on previously unt1·eated plots. In 1965, sprays were ap
plied on October 8 and 15, and in 1966 on October 13 and 20. 

Throughout the text, concent1·ations are expressed in pe1·
centages of the formulation 01· chemical as received and not 
active ing1·edients 01· absolute amounts. Pe1·centages a1·e calcu
lated on volume fo1· liquids and weight for dry mate1·ials. 

RESULTS AND DISCUSSION 
1962: 

Du1·ing 1962, 10 chemicals were used on 13 cultivars. 
The results from only two chemicals and the last two treat
ment dates are given in Table 1. These chemicals were DEF 
(S, S, S-t.1·ibutyl phosphorotrithioate) and Folex (tribt1tyl
phosphorotrithioite), both commercial defoliants and very sim
ilar in composition. Other che·micals used, which were un
satisfactory at the rates used and under the conditions of this 
trial, are listed in Table 2. The two earliest spraying dates 
(Septembe1· 28 and Octobe1· 5) 1·esulted in excessive damage 
with all chemicals. 

One Washington nursery used DEF at about 1 % on a 
moderate scale with success for one or two years prior to 1962. 
Two nurseries used this material extensively in 1962 and 
both reported some unfavorable results. As noted in Table 1, 
a 1 % concentration may be too high unde,r some conditions 
with some plants. 

Some chemicals listed in Table 2 might be satisfactory if 
used at lower rates, but with the exception of Glytac EC plus 
oil, all caused extensive damage. 

1963: 

In 1963, 7 chemicals were used on 10 cultivars. 'fhose 
that produced 'che best results are listed in Table 3. UC 20299 
was the poorest of the,s.e chemicals. Damage with most chem
icals was minor compa1·ed to the previous year. Potassium 
iodide (Kl) and aminotriazole were generally unsatisfactory 
because of excessive damage, and Cadox was generally inef
fective at the rates used (Table 2). In spite of the in.iury 
with KI, a favorable response encouraged further work. 
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·1·alJlc I. l'erLcltl dcf,Jli.,ti,,11 111,l11cc,l IJy cl1e111iLal:, ,IJ>IJlic,l i11 Lite 1111rse1 y lo 
several deci,l11011s wo<J<ly pla11t:, (1962) .' 

J>J,1nt 
Trcdtmc11t 

date (Oct) 0 7) <j}J 

· E,lw,11 els· 12 100(4)·' 
pl11111 19 100 (3) 

"E,1rly lt,1lia11· 12 
1>r1111c 19 95 (3) 

· 1•crfcctio11 · 12 I O(J (3) 
,1pr1cot 19 I 0() (2) 

·1i,1rtlctt' 12 1()() (3) 
1>car 19 I 00 (3) 

'1\ II j<Jll • 12 
IJC,1 r 19 I ()(J (3) 

"\Vi11c,,11>. 12 I O(J (4) 
,11Jplc 19 I (l(J (3) 

'Ro111c Bea111y· 12 
,1pplc 19 80 (3) 

·,\11thc,11y \Vaterer' 12 
• 19 2() (3) s1>1rae,1 

l·Vez,,e/r1 r,;,e·1 " . 12 
19 2() (3) 

l'rc11cl1 cr,11> 12 
slug 19 60 (3) 

l'rc11cl1 IJear 12 
:,ldg. 19 50 (3) 

l'yr11, c,rlleryr11111 12 
slc!g. 19 0 (3) 

l'r111111s 11111/111/e/1 12 
slclg. 19 75 (3) 

Chemical and concc11trdt1un 
DEF"' 

1 00 '/,; 

100(4) 100 (4) 10()('1) 
100 (3) I 00 (3) 100 (3) 

95 (3) 95 (3) I (JO ('.I) 
100 (3) 4 100 (2) 4 I (J(J (2) 
100 (2) ' 100 (2) ' I 00 (2) 
100 (3) I 00 (3) 10() (3) 
100 (3) 100 (3) 100 (3) 

100 (3) 4 100 (3) 4 1 (J(J (3) 
1()0 (4) 4 100 (3) 4 100(4) 
100(3) 4 100 (3) 4 I 00 (3) 

80 (3) 80 (3) 4 50 (3) 

20 (3) 20 (3) 20 (3) 

30 (3) 30 (3) 20 (3) 

60 (3) 60 (3) 80 (3) 

60 (3) 75 (3) 75 (3) 

0 (3) 0 (3) 0 (3) 

75 (3) 75 (3) 70 (3) 

I OOo/o 

100 (4) 100(4) 
I 00 (3) I 00 (3) 

I (JO (3) 100 (3) 
100 (2) 4 100 (2) 4 

100 (2) • 100 (2) 4 

100 (3) 100 (3) 4 

100 (3) 100 (3) ' 

100 (3) 4 100 (3) 4 

100(4)' I 00 (3) 
1()0(3) 4 100 (3) 4 

50 (3) 50 (3) 4 

30 (3) 4 40 (3) ' 

30 (3) 30 (3) 

80 (3) 80 (3) 

75 (3) 75 (3) 

0 (3) 0 (3) 

80 (3) I 00 (2) 

1Dcfol1dt1011 of co11troI::i \\.'<ts nil ot1 November 9, four v.:cck~ folfow1n~ the f,r::.t dpp/1cdt1011 CXCCJ)t 
for 'J)crfcct1on' <1pr1cot v,:h1ch hdd lost 20o/rJ of its leaves 

2C11nccntrat1on calculated 011 the percentage of formulat1011 used, not active 1ng1cd1ent (6#/~,11.) 
Dupont spreader-sticker used 111 ,1dd1t1011 at I pt /100 gal spray n1.1tcr1,1l 

1Nl1n1bcrs 111 parc11the:,cs arc the \\'eeks required for the 1nd1catcd percc1,tagc dcfol1at1on Plant1: 
usu,dl~,r dug by that time 

4Cc,11cc11trt1t1on e.xcess1\'C tinder con<l1t1011::. r>f this trial, usu<1.lly Judged bccctusc of poor gro\\'th 
Jftcr replanting rather tha11 d,1n1agc prior to storage 

·1·;1l>le 2. l\-Jiscc!la11eous che1111L,1ls 11sc,I 111 defoliatio11 trials li111 co11,1dc1ed gc11• 
c1·a!ly 1111satisf,1ctory ,11 tl1e i11dic.Jted rates a11d 1111,le1· tl1c co11ditio11s of 
tl1ese trials 011 c!ecid11011s woody 1111rsery stock 

CHEJ\IICAL 

1962 
E11c!othal (3,6 e11dohexahydrotl1al.Jte) 
"(']) 273 Har\'CSl 1\ide 
En,!otl1al-1-D 288 Ha1-.,est 1\1dc 
1\11s,1r 138 (cacodylic aci,I) 
Dilttiat (I: I et!1yle11e•2:2 cl1JJ)'rillyli11111 cl1chlo1 i,!e) 
l'arac111at (1: l•dirnethyl-4,4' dipryidyl111111 

l!icl1!01·ide) 
Glytac EC (pl11s lOo/0 Volek s111>1e111e oil) 
H yd1 oge11 cya11a1111d 
1963 
C,tdt►x (cadn1i11111 oxyc111111olatc) 
1\ 111inotriazole (3-a1111110- I ,2,4 • t r1 azolc) 
l'ot,1,si11111 iodide (Kl) 

CONCEN"J'RA'l.ION 1 

I .0'1/v 
I .(J 
1.0 
().12 
1.125 

0 I ,,. 
. -!> 

0.125 
0.60 

0.12 
0.12 
0.60 

1.5 '1/v 
1.5 

' 1.5 
0.24 
0.25 

0 •Jr. ·-·' 
0.25 
1.20 

0.24 
0.24 
1.20 

9 oo' 
-· lo 
2.0 
2.0 
0 36 
0.50 

0.50 
0.375 
I .SO 

0.36 
0.36 
I .SO 

1Co11ccntrat1on caiculated 011 the pcrcc11t<1gc of the formulat1on used, 11ot dct1vc 1ngrcd1ent 
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T,tble 3. Perce11t dcfuli,tti,,11 ind11ced b)· chemicals applied in the nt11·ser)' 011 1,vo dates (Octobe1· 17 a11d 24) tci several decid11011s 
,vood pla11 ts. ( 1963) 

Plant 
Treat Date (Oct ) 17 

C/1e1n1cal Cone. (o/o) 1 

DEF 0.75 0 (4)' 
1.()0 0 (4) 2 

1.50 0 (4)' 

Nacco11ol 1.()0 0 (4) 
NR' (plt1; 2 00 0 (4) 2 

3o/0 Volek 3.00 0 (4) 2 

St1preme 
oil) 

H)•d1oge11 0.12 0 (4) 
cya11amid 0.48 0 (4) 

0.72 0 (4) 

UC 20299 0.12 75 (4) 2 

0.36 IO (4) 2 

0.60 30(4)' 

NONE 

'Red 
Ktng· 
apple 

0 (4) 

24 

0 (3)' 
0 (3) 
0 (3) 

0 (3) 
0 (3) 2 

0 (3) 2 

0 (3) 
0 (3) 
0 (3) 

0 (3) 
0 (3) 
0 (3) 

'Bartlett 
pear 

17 24 

0 (4) 5 (3) 
0 (4) 5 (3) 
0 (4) 5 (3) 

IO (4) ' 40 (3) 
10 (4) 2 40 (3) 
10 (4) 2 40 (3) 2 

5 (4) 2 20 (3) 
5 (4) 2 20 (3) 
5 (4) 2 20 (3) ' 

0 (4) 2 20 (3) 2 

0 (4)' 20 (3)' 
0 (4)' 20 (3) ' 

5 (4) 

'Stewart 
Bartlett 

pear 

1 7 24 

50 (4) 30 (3) 
50 (4)' 50 (3) ' 
50 (4) 2 75 (3)' 

90 (4) 2 I 00 (3) 
90 (4) 2 100 (3) 2 

so (4) 2 100(3) 2 

50 ( 4) 2 100 (3) 2 

50 (4) 2 80 (3) 2 

75 (4)' 100 (3)' 

25 (4) 25 (3) 
5 (4) ' 25 (3) 2 

5 (4) 2 50 (3) ' 

:iO (4) 

17 

I 00 (3) 
100 (3) 2 

100 (3)' 

50 (3) 
50 (3) 
75 (3) 

70 (3) 
70 (3) 
80 (3) 

80 (3) 
90 (3) 
90 (3) 

'Daroga 
Red' 
peach 

35 (3) 

24 

75 (2) 
95 (2) 
95 (2) 

9() (2) 
75 (2) 
95 (2) 

95 (2) 
60 (2) 
60 (2) 

'Laroda' 
plum 

17 24 

90 (4) 20 (3) 
90 (4)' 20 (3) ' 
90 (4) ' 20 (3) ' 

10 (4) 20 (3) 
10 (4) 20 (3) 
10 (4) 20 (3) 

20 (4) IO (3) 
20 (4) 25 (3) 
20 (4) 40 (3) 

10 (4) 20 (3) 
10 (4) 20 (3) 
10 (4) 20 (3) 

10 (4) 

1Conce11trdt1on calculated on a formulat1on basts, not active 1r1gred1cnt X-77 also used at 1 p,nt/100 gal 
2Conccntrat1on excessive u11dcr cond1t1ons of this trial, l1sually Judged because of poor growth following replant1n~ rather than damage prior to storage 
3F1gures 1n parenthesis arc the v.·ccks required for the 111d1catcd percentage defol1<1t1on Plants usually dug by that time 
4 An alk ylarylst1lf on ate. 



T .ible 3 (co11t11111cd) 

Ptdllt 

DEF 0 ~-
'" I 00 

I 50 

Nacconol I 00 

NR' (pltlS 2 00 

3% Volek 3 00 - S11 p1 en1e Cl - 01]) 

H )'droge11 0 12 
c,·a11a1n1d 0 48 , 

0 i2 

UC 20299 0 12 

0 36 
0 60 

NONE 

• 

20 (4) 

French 
crab 
sldg 

20 (4) ' 

50 (4) ' 

0 (4)' 
() (4) ' 

0 (4)' 

0 (4) 
0 (4) 
0(4) 

20 (4) 
20 (4) 

20 (4) 

IO (3) 

25 (3) 

50 (3) 

0 (3) 
0 (3) 

0 (3) ' 

0 (3) 
IO (3) 

25 (3) 

0 (3) 

0 (3) 
0 (3) 

0 (4) 

Bartlett 
pear 

90 (4) 
100(4)' 
100 (4)' 

60 (4)' 
70 (4) 2 

70 (4)' 

40 (4) 
40 (4) 

95 (4) 

50 (4) 
50(4)' 

100 (4)' 

25 (4) 
' 

85 (3) 
95 (3) 

95 (3) 

25 (3) 
25 (3) 

80 (3) 

25 (3) 

25 (3) 
90 (3) 

75 (3) 

60 (3) 
40 (3) 

P mahaleb 
sldg 

60 (5) 60 (4) 

70 (5) 5() ( 4) 
4()(:,) 40 (4) 

100(">) 90 (4) 

IOO('i)' 50 (4) 

fJO (4) ' 90 (4) 

90 (4) 80 (4) 
7.-, (5) 80 (4) 
9:-; (0) 9:-; (4) 

30 (3) ' 20 (4) 

:,0(5)' 20 (4) 

40 (5) ' 20 (4) 

IO (5) 

E,a Rathke 
\.\'C1gela 

95 (5)' 40 (4) ' 
95 ('i)' 90 (4)' 

93 (5) ' 90 (4)' 

50 (5)' 15 (3) 
50 (5) 2 15 (3) 
!) {) -·o (") ., 15 (3) 

50 (5) 30 (4) 
50 (5) 30 (4) 
50 (3)' 30 (4) 

20 (5) ' 10 (4)' 

20(5) 2 10(4)' 

20 (5) ' 10 (4)' 

5 (5) 

Spiraea 
b1ll1ard11 

40 (5) 30 (4) 

40 (5) 30 (4) 

40 (5) ' 30 (4) ' 

90 (5) 95 (4) 
60 (5) 95 (4) 

90 (5) ' 100 (3)' 

30 ('i) 20 (4) 

60 (5) 20 (4) 

90 (3) 60 (4) 

100 (5) 100 (4) 

25 (5) 50 (4) 

25 (5) 50 (4) 

0 (5) 



1964: 

In 1964, 7 chemicals.-01· combinations of chemicals
we1·e applied on Octobe1· 15 and 22 on 1.1 cultivars, and single 
and double applications (on the same plants) were compared 
(Table 4). Damage was almost nil, occurring only on weigela, 
'Rome' apple, and P. mahaleb seedlings. The damage to 
'Rome' apple was not apparent until :ifter storage and re
planting. The most satisfactory chemical treatments were KI 
in combination with Nacconol NR (an alkylarylsulfonate) or 
with DEF. These combinations frequently resulted in faster 
defoliation than when these chemicals were used separately. 
Repeat applications of low and medium rates were usually 
more satisfactory than single low, medium, or high rates. The 
time required for complete defoliation (where achieved) un
der undisturbed conditions varied from 1 to 6 weeks. The 
figures with 'Yellospur', 'Hi-Early', 'Rome' apples and 'Ital
ian' prune are low because of early digging (2 and 3 weeks 
after t1·eatment). An additional week in the field at the 
stage they were dug would usually increase defoliation consid
erably. 

1965: 

In 1965, 15 chemicals 01· chemical combinations were used 
on 14 cultivars applied on October 8 and 15. Damage was mo1·e 
severe than the previous year, especially with the ea1·lier ap
plication date. Howeve1·, both dates were ea1·Iier than in 
1964; this undoubtedly accounts fo1· a good portion of the 
damage. The 5 years' data presented here indicate that 
plants become more resistant to damage and easier to defoli
ate as dormancy approaches, and that mo1·e damage occurs 
from treatments made prior to October 15, even though growth 
and conditions varied considerably from year to year. 

The most satisfactory materials were KI, KI + alanine, 
Bromodine (a bromine-iodine complex) and DEF. Other ma
terials were not as effective and/or caused more damage. 
Pyrus calleryana, French crab, and 'Bartlett' pea1· seedlings 
were not completely defoliated without damage by any treat
ment. Some cultivars were mo1·e subject to damage than oth
e1·s, especially 'Bartlett' pear. The time required for complete 
defoliation with undisturbed conditions varied from 2 to 5 
weeks, depending on the plant. 
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'I'able 4. Percent defoliation induced by chem1cals as a result of s111glc a11d do11ble1 spray appl1cat1011s (October 15 and 22) applied 
1n the n11rsery to several dec1d11ous woody plants. (1964) . 

Plant 
Treat Date (Oct ) 

Cl1em1cal 
KI 

KI + 
DEF (0.25%) 

KI + 
NAC NR 
(05%) 
KI + 
\V Sulfur 
(0.5%) 

DEF 

NAC NR 

Defolate 

NONE 

'Yellospur' 
apple 

1 5 22 

Cone. (o/0 ) 

015 5 (3)' 15 (2) 
0.3 25 (3) 42 (2) 
0.6 20 (3) 30 (2) 
0.15 40 (3) 65 (2) 
03 25 (3) 50 (2) 
06 65 (3) 95 (2) 

0 15 25 (3) 100 (2) 
03 30 (3) 100 (2) 
06 0 (3) 25 (2) 
0 15 15 (3) 10 (2) 
03 0 (3) 25 (2) 
0.6 0 (3) 30 (2) 
0.25 10 (3) 10 (2) 
0.50 15 (3) 25 (2) 
1.00 0 (3) 0 (2) 
050 5 (3) 30 (2) 
1 00 40 (3) 40 (2) 
2.00 40 (3) 0 (2) 
022 25 (3) 25 (2) 
024 25 (3) 50 (2) 
048 45 (3) 0(2) 

0_(3) 0 (2) 

'H1•Earl,· 
apple 

15 22 

40(3) 40 (2) 
40 (3) 40 (2) 
30 (3) 0 (2) 
85 (3) 90(2) 
95 (3) 100 (2) 
40 (3) 0 (2) 
15 (3) 90 (2) 
35 (3) 50 (2) 
20 (3) 0 (2) 
70 (3) 80 (2) 
80 (2) 85 (2) 
40 (3) 0 (2) 
10 (3) 10 (2) 
10 (3) 10 (2) 
10 (3) 10 (2) 
10 (3) IO (2) 
10 (3) IO (2) 
10 (3) 10 (2) 
40 (3) 40 (2) 
40 (3) 40 (2) 
30(3) 0(2) 
0 (3) 0 (2) 

1 5 

'Rome 
apple 

5 (3) 
5 (3) 

10 (3) 
0 (3) 
0(3) 
0 (3) 
0 (3) 
0 (3) 
0 (3) 
5 (3) 
5 (3) 
5 (3) 
5 (3) 
5 (3) 
5 (3) 
0 (3) 
0 (3) 
0 (3) 
0 (3) 
0 (3) 
0 (3) 
0 (3) 

22 

5 (2) 
5 (2) 
0 (2) 
0 (2) 3 

0 (2) 3 

0 (2) 3 

0 (2) 3 

0 (2) 3 

0 (2) 
5 (2) 
5 (2) 
0 (2) 
5 (2) 
5 (2) 
0 (2) 
0 (2) 
0 (2) 
0 (2) 
0 (2) 
0 (2) 
0 (2) 
0 (2) 

'ltal1a11 
pru11e 

1 5 22 

80 (3) 95 (2) 
95 (3) 100 (2) 
95 (3) 65 (2) 
85 (3) 95 (2) 
95 (3) I 00 (2) 

I 00 (3) 60 (3) 
95 (3) 100 (2) 

100 (3) 100 (2) 
100 (3) 65 (2) 
20 (3) 50 (2) 
90 (3) 90 (2) 

100 (3) 15 (2) 
15 (3) 70 (2) 
70 (3) 80 (2) 
90 (3) 50 (2) 
85 (3) 80 (2) 
85 (3) 90 (2) 
85 (3) 15 (2) 
25 (3) 70 (2) 
30 (3) 60 (2) 
70 (3) 20 (2) 
15 (3) 15 (2) 

'Bartlett' 
pear 

1 5 ?? --

100 (4) 100 (5) 
100(5) 100 (3) 
100 (4) 100 (4) 
100 (4) 100 (3) 
100 (4) 100 (3) 
100 (3) 100 (3) 
100 (5) 100 (4) 
100 (4) 100 (3) 
100 (4) 100 (4) 
100 (4) 100 (3) 
100 (5) 100 (3) 
100(4) 100 (4) 
100 (5) 100 (4) 
100 (6) 100 (4) 
100 (6) 100 (4) 
100 (6) 100(5) 
100(5) 100(4) 
100(5) 100(4) 
100 (5) 100 (3) 
95 (5) 100 (4) 

100 (5) 100 (4) 
100 (6) 100 (5) 

'Mont-
• morencv 

cherrJ 
l 5 22 

100 (5) 100 (4) 
100 (3) 100 (2) 
100 (3) 100 (3) 
100 (3) 100 (I) 
100 (3) 100 (2) 
100 (3) 100 (2) 
100 (5) 100 (4) 
100 (4) 100 (2) 
100 (3) 100 (2) 
100 (3) 100 (1) 
100 (5) 100 (3) 
100 (3) 100 (2) 
100 (6) 100 (3) 
100(4) 100 (3) 
100 (5) 100 (4) 
100 (5) 100 (4) 
100 (5) 100(4) 
100 (5) 100 (4) 
100 (4) 100 (3) 
100 (4) 100 (3) 
100 (3) 100 (3) 
100 (6) 100 (5) 

1The figures for October 15 v.·ere all a result of single appl1cat1ons while the lov: and medium figures for October 22 \Vere a restilt of treatment of the same 
pldnts on both dates v.·1th the same concentration 

~Numbers 1n parenthesis are the V.'ceks required for the 1nd1cated percentage defol1at1on precced1ng the parenthesis Plants usuaIJ.,.. dug b.. that time 
3Four to six inches damage on some branch tips, ob,·1ous onlv after replanting and commencement of grov..th 
4Term1nals damaged at storage time 
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Table 5. Percent defol1at1on 1ndt1ced by che1n1cals appl1ecl 111 the 1111rse1y to se,•eral clecid11011~ ,voody plants (1965). 

Chemical Cone(%) 

Plant 

Treat date (Oct) 

Potass111m 
1od1de (KI) 
KI (03%) 
+ h-ala111ne 
KI (0 3o/0 ) + 
hexan1ethyl-
e11 tetram111e 
(H~ITA) 
KI (03o/o) + 
Fo, 111aldehyde 
b-ala111ne 
H~IT.>\ 
Fo1·111aldel1yde 
B1 on1od111e 

DEF 

Sl1edaleaf 

Defolate 

U111011 i6-I 

1]111011 i6-2 

U,11011 i6-3 

Ch1p111a11 
2929 

NONE 

02 
03 
I 5 
20 
05 
I 0 

I 0 
I 5 
20 
1 0 
I 5 
20 
30 
0 i5 
I 0 
0 36 
048 
024 
036 
50 

10 0 
50 

10 0 
50 

10 0 
0 i5 
1 50 

Barkley 
Red Rome' 

apple 

s 

90 (4) ' 
95 (4) 4 

-------· ---

100 (3) 4 

100(4) 4 

35 (4) 
25 (4) 

-
0 (4) 4 

10 (4) 
80 (4) 

100(4) 
100(4)' 
100 (4) 4 

65 (4) 
90 (4) 4 

60 (4) 
75 (4) 

5 (4) 
,10(4) 
25 (4) 4 

,IO (4) 4 

iO (4)' 
85 (4)' 

I 5 

0 (3) 
35 (3) 
35 (3) 
60 (3) 

5 (3) 
5 (3) 4 

5 (3) 
5 (3) 
5 (3) 
5 (3) 
5 (3) 

5'i (3) 
85 (3) 

I 00 (3) 
100 (3) 
70 (3) 

0 (4) 

85 (3) 4 

45 (3) 
4·3 (3) 
35 (3) 
60 (3) 
50 (3) 
50 (3) 
'iO (3) 
85 (3) 
iO (3) 
90 (3) 

'Red Rome' 
apple 

8 

O (3) 

I i 

50 (3) 
40 (3) 
60 (3) 
60 (3) 
60 (3) 
iO (3) 

20 (3) 
3'i (3) 
60 (3) 
JO (3) 
35 (3) 
80 (3) 
60 (3) 

I 00 (3) 
100 (3) 
95 (3) 

100 (3) 
i5 (3) 

I 00 (3) 
I 00 (3) 

85 (3) 
i5 (3) 
90 (3) 
6'i (3) 
S'i (3) 
85 (3) 
65 (3) 

'J tln.1t h<lrl • 
npplc 

8 

100 (4) 
JOO (4)' 

100 (4)' 
30 (4)' 

i5 (4) 
70 (4) 

30 (4) 4 

30 (4)' 
50 (4) 

J 00 (4) 
100(4) 
100 (3) 
JOO (4) 4 

100 (4)' 
70 (4)' 

I 00 (4) 
IO (4) 

100(4) 
'iO (4) 
90 (4) 
90 (4) 
95 (4) 4 

I 5 

50 (3) 
90 (3) 

J 00 (3) 
J 00 (3) 
70 (3) 
85 (3) 

50 (3) 
40 (3) 4 

30 (3) 
'i (3) ' 

40 (3) 
95 (3) 

J 0() (3) 
I 00 (3) 
JOO (3)' 
JOO (3)' 
JOO (3)' 
80 (3) 
8'i (3) 
iO (3) 
!)5 (3) 
90 (3) 
90 (3) 
80 (3) 
95 (3) 
60 (3)' 

JOO (3)' 
5 (4) 

8 

!dared' 
apple 

IO (5) 
100(5)' 
100(5) 
80 (5)' 
90(5) 
IO (5) 

I 5 

15 (4) 
80 (4) 
80 (4) 
90 (4) 
20 (4)' 
50 (4)' 

40 (5) 20 (4) 
'iO (5)' 60 (4) 
IO (5) 15 (4) 
'i(5)' 10(4) 

'iO (5) 'iO (4) 
b5('i)' i0(4) 

100(5)' 100(4) 
I 00 (4) 35 (4) 
100 (5)' 85 (4) • 
50(5) 60(4) 
,C) (5)' 7'i (4)' 
20(5) 20(4) 
3'i (5) 60 (4) 
35 ('i) 55 (4) 
10('>)' 85(4)'3 

r, (5)' 20 (4) 
25 (.'i)' i0(4)' 
60(5) 60(4) 
60(5)' 90(4) 3 

15 (5) 55 (4) 
35 (5)' 85 (4) 

0 (5) 

1Concentrat1on calculated on the percentage of formulation X,77 used 1n add1 t1on at 1 pint/100 gal 
2Numbers 1n parenthesis are the "veeks required for the 1nd1cated percentage defol1at1on Plants t1sually dug by that time 
3Some terminals damaged at storage time 
4Gro\\th not comparable to control after replanting 

'\\T111esap • 

apple 

8 

100(4) 
100(4) 

100 (3) 
100(4)' 

]00(4) 
JOO (4) 

5 (4)' 
20 (4)' 
85 (4) 

JOO (4)' 
100(4)' 
JOO (3) 
80(4)' 
90 (4) • 
70 (4) 
90 (4) 
5 (4)' 

10 (4) 
25 (4) 
25 (4) 
5 (4) 

65 (4) 

I 5 

JOO (3) 
JOO (3)" 
100 (3) 
1()0 (3)' 
100 (3) 
I (JO (3) 

100 (3) 
I 00 (3) 
80 (3) 
70 (3)' 
60 (3)' 
90 (3) 
95 (3)' 

100 (3) 
I 00 (3) 
I 00 (3) 
100 (3) 
95 (3) 

JOO (3) 
50 (3) 
75 (3)' 
'iO (3) 
70 (3) 
55 (3) 
90 (3) 

100 (3) 
100 (3) 

5 (4) 



-Cl 
Cl 

Table 5, (Continued) 

Chemical Cone. (%) 
Plant 

Treat date ( Oct ) 

l,otass111m 02 
1od1de (Kl) 03 
KI (0 3%) I 5 
+ b-<1lan111e 20 
KI (03%) + 05 
Hl\-lTA I 0 
Kl (0 3o/0 ) + I 0 
Formaldehyde I 5 
lJ-ala111ne 20 
Hi\lT1\ I 0 
F orn1aldel1yde I 5 
Bromod111e 20 

30 
DEF 0 75 

I 0 
Shecl,tleaf 0 36 

0 48 
Defolate 024 

0 36 
U111011 76-1 50 

10 0 
U111011 76-2 50 

IO 0 
Un1011 76-3 50 

JO 0 
Chipman 2929 0 75 

I 50 
NONE 

'Sunglo' 
apricot 

8 15 

85 (5) 75 (4) 
85 (5) 75 (4) 
85 (5) 95 (4) 
85 (5) 100 (4) 
50 (5) 70 (4) 
50 (5) 4 55 (4) 
80 (5) 34 85 (4) 4 

25 (5) 34 90(4) 4 

65 (5) 90(4) 
100(5)' 60 (4) 
70 (5) 4 80 (4) 4 

70 (5) 100 (4) 
60 (5) 4 100(4) 
95 (5) 90 (4) 
95 (5) 90 (4) 
95 (5) 70 (4) 
95 (5) 80 (4) 
95 (5) 80 (4) 
95 (5) 85 (4) 
25 (5) 34 60 (4) 
50 (5) 34 70 (4) · 
40 (5) 65 (4) 
45 (5) 70 (4) 
90 (5) 90 (4) 
90 (5) 4 95 (4) 
95 (5) 34 100 (4) 
95 (5) 34 JOO (4) 

60 (5) 

'ltal,an' 
prune 

8 I ; 

100 (3) • 100 (3) 
100(3) 4 100 (3) 

I 00 (3) 
JOO (3) 

100 (3) I 00 (4) 
80 (5) 100(4) 

100 (5) • 100(4) 
100 (5) 4 80 (4) 4 

I 00 (4) 90 (4) 
80 (5) 95 (4) 
80 (5) 90 (4) • 

100 (3) I 00 (4) 
I 00 (3) 100 (3) 
70 (5) 100 (4) 
70 (5) 100 (4) 
70 (5) 100(4) 
70 (5) I 00 (4) 
70 (5) I 00 (4) 
70 (5) 100(4) 

100(5) 100 (4) 
JOO (5) 70 (4) 
JOO (5) 70 (4) 
]00 (5) 70 (4) 
95 (5) 80 (4) 

100 (5) 95 (4) 
100(5) 100 (4) 
90 (5) 4 100(4) 

20 (3) 

'Montmorency' 
cherry 

8 I ; 

100 (3) 
100 (3) 
100 (3) 
I 00 (3) 
100 (3) 
100 (3) 
l 00 (3) 
I 00 (3) 
60 (3) 
50 (3) 
30 (3) 

I 00 (3) 
100 (3) 
I 00 (3) 
JOO (3) 
95 (3) 

]00 (3) 
90 (3) 

I 00 (3) 
10 (3) 
15 (3) 
15 (3) 
15 (3) 
5 (3) 
;; (3) 

75 (3) 
50 (3) 

5 (3) 

' 

·Bartlett' 
oear 

8 I ; 

100 (5) • 95 (4) 
100(5) 4 100 (4) 
I (JO (3) 100 (3) 
I 00 (3) ' I 00 (3) 
100(5) 4 95 (4) • 
40 (5) 95 (4) • 

100(5)' I 00 (4) 
100 (5) 4 100 (4) 4 

100(5) 60 (4) 
20 (5) • 40 (4) 

100(5)' 90 (4) 4 

100 (3) I 00 (3) 
100 (3) 4 100 (3) • 
100(5)' I 00 (4) 
100(5)' 100(4) 4 

70 (5) 4 80 (3) • 
GO (5)' 90 (4) 4 

70 (5) 4 80 (4) • 
75 (5) 4 100(4) 4 

30 (5) 4 90 (4) 4 

30 (5) 4 90 (4) 4 

25 (5)' 70 (4) 4 

~a a 9• (") 4 75 (4) 
30 (5) 4 65 (4) 
90 (5) 80 (4) 
95 (5) 4 90 (4) 4 

100 (5)' 90 (4) 
35 (5) 

Bartlet' pear 
sldg 

8 I ; 

10 (5) 15 (4) 
35 (5) 25 (4) 

30 (4) 
40 (4) 

70 (5) 4 30 (4) 
75 (5) 40 (4) 
65 (5) 15 (4) 

JOO (4)' 50 (4) 4 

5 (4) 
5 (5) 5 (4) 4 

80 (4) l 50 (4) 4 

50 (5) 40 (4) 
70 (5) • 95 (4) 
25 (5) 35 (4) 
50 (5) 65 (4) 
80 (5) 15 (4) 
90 (5) 80 (4) 
JO (5) 70 (4) 
50 (5) 90 (4) 

0 (5) • 15 (4) 
20 (5)' 50 (4) 4 

20 (5) 4 20 (4) 4 

25 (5) 4 40 (4) 
70 (5) 30 (4) 
90 (5) 50 (4) 
IO (5) 5 (4) 
IO (5) 10 (4) 

0 (5) 



Table 5. (Continued) 
-·····. 

P mahaleb Frc11ch 
P cal1eryana Spiraea Plant crab 

sldg sldg sldg b1ll1ard11 

Treat date (Oct ) s 15 8 l 5 s l 5 8 l 5 

Chemical Cone. (o/0 ) 

Potass111m 02 95 (3) 5 (5) 5 (4) 20 (5) 20 (4) 90 (3) 
1od1de (Kl) 03 100 (3) 5 (5) 10 (4) 30 (5) IO (4) 90 (3) 
Kl (0 3o/0 ) I 5 100 (3) 5 (4) 20 (4) 100 (2) 
+ b-alan1ne 20 100 (3) 20 (3) 20 (3) 100 (2) 
KI (0 3o/0 ) + 05 90 (3) 10 (5) • 0 (4) 10 (5) 30 (4) 95 (3) 
HtvlTA 1.0 90 (3) 5 (5) • 5 (4) 20 (5) 10 (4) 100 (3) 
KI (0.3';10 ) ..L 1.0 40 (3) 5 (5)' 5 (4) 15 (5) 10 (4) 35 (3) , 
for 111aldehyde 1 5 50 (3) 4 5 (5) 5 (4) 4 20 (5) 20 (4) 15 (3) 
b-ala11111e 20 5 (3) 0 (4) 15 (4) 100 (2) 
HwlTA 1 0 20 (3) 0 (5) 0 (4) 0 (5) 5 (4) 10 (3) 
Fot maldehyde 1.5 35 (3) 0 (5) 5 (4) 9" (") 25 (4) 10 (3) _::, ::, -~ B1omodine 2.0 85 (3) 5 (5) 0 (4) 20 (5) 15 (4) 45 (3) 

30 50 (3) 25 (5) 4 60 (4) 20 (5) 65 (4) 70 (3) 
DEF 0 75 35 (3) 30 (5)' 5 (4) 15 (5) 25 (4) 60 (3) 

I 0 55 (3) 50 (5) 30 (4) 9• (") 30 (4) 70 (3) _::, ::, 

Shedaleaf 0 36 75 (3) 0 (5) 25 (4) 10 (5) 5 (4) 25 (3) 
048 85 (3) 40 (5) 20 (4) • IO (5) 5 (4) 40 (3) 

Defolate 024 75 (3) 5 (5) • 5 (4) 5 (5) 10 (4) 30 (3) 
0.36 70 (3) 5 (5) 5 (4) 5 (5) 15 (4) 40 (3) 

0111011 76-1 50 5 (3) 0 (5) 0 (4) 10 (5) 20(4) 25 (3) 
100 50 (3) 0 (5) 0 (4) 30 (5) 35 (4) 20 (3) 

U111on 76-2 50 5 (3) 0 (5) 0 (4) 20 (5) 10 (4) 20 (3) 
10.0 30 (3) 0 (5) 0 (4) 15 (5) 20 (4) 20 (3) 

Union 76-3 50 25 (3) 0 (5) 0 (4) 15 (5) 30 (4) 35 (3) 
10 0 70 (3) 0 (5) 0 (4) 25 (5) -15 (4) 50 (3) 

Cl11pman 2929 0 75 55 (3) 0 (5) 0 (4) 20 (5) 35 (4) 35 (3) 
1.50 20 (3) 0 (5) 25 (4) 40 (5) 25 (4) 30 (3) 

NONE 10 (3) 0 (5) 0 (5) (5 (3) 

, 



1966: 

In 1966, 7 chemicals, or chemical combinations, were used 
on 12 cultivars. Bromodine, KI, and KI plus Bromodine were 
the most satisfactory. The addition of alanine to Kl did not 
help as much as the previous year. 

Almost no in.Jury was apparent at storage time, but 
many plots failed to grow properly after replanting, notably 
those of 'Chinook' cherry and 'Bartlett' pear. It is of interest 
to note that plants which were replanted in commercial 
plantings ('Red Winesap', 'Golden Delicious', and 'Hi-Early' 
Delicious apples), rather than in test plots, grew normally. 
This would indicate that handling, planting, and subsequent 
care may have been more conducive to good growth under com
mercial conditions and that defoliated plants may be more 
sub.iect to adverse conditions than non-defoliated plants. 
This had been suspected in previous years, but had 
not been nearly as apparent. However, the evidence is fa1· 
from conclusive, since comparable plants were not obse1·ved 
under both conditions. Plants in the test plots were not head
ed back as in comme1·cial plantings and less growth stimula
tion would be expected. Moisture may have been less ade
quate in test plots becat1se of somewhat shallower plantings. 
Another factor contributing to the difference observed may 
have been the physical condition of the stock at the time of 
treatment, although these plants had set terminal buds 
when treated. It is not known whethe1· hand-stripped plants 
would respond in a similar way or if the chemicals were en
tire,ly responsible. It is possible that hand-stripped plants 
might respond similarily if defoliated too early. 

Py1·us calle1·11ana, French crab, and Bartlett pear seed
lings showed little res.ponse to the defoliants by the time they 
were dug. An additional week would have helped consider
ably except with P. caller·yana, which did not respond satisfac
torily to any treatment during the course of the experiments. 

Interesting data was collected, although not presented 
here, to show that it would not be necessary to wait for com
plete defoliation in the field prior to digging. It was noted 
that plots showing as little as 10% defoliation at digging 
time could be 100% defoliated after digging, bundling, loading, 
and transporting to the storage. Thus, it would only be neces
sary to wait for partial defoliation, if the remainder of leaves 
was loose, prior to digging. 
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Table 6 Pe1cent defol1at1on1 1ndt1ced by chemicals applied (Octobe1· 13 a11d 20) 111 the 11111 se1·y to several deciduous wood plants 
(1966) 

'Red 'Red 'Golden 
Plant Bdrtlctt • Ital1rtn Chinook· Rome' \V111csap Dcl1c1ous • 

pear l-'>t \lne cl1erry apJ)\c c1pplc apple 
1 3 20 1 1 20 11 20 I 1 20 I 3 20 13 20 

Cl1e1111cal Co11c (o/o) 2 

Putass111m 0 I 100 (5) 1 100(4) 100(")·· I 00 (3) 10()(")' 10() (~)' 0 (5) () (4) 50 (4) IO (3) IO (4) 0 (3) 
1od1de (Kl) 0 I ; I 00 (5) 100(4) 100(5)' I 00 (3) 100 (4) •, 100(3)'' 0 (r,) ; 0 (4) r,o (4) IO (3) IO (4) 0 (3) 

0 20 100(5)' 100(4)' 100 (4) 5 I 00 (3) 100(4)' I 00 (3) ' 30 (5) 0 (4) • 60 (4) IO (3) IO (4) 0 (3) 
0 30 100(4) • 100 (4) 5 100 (4)' 100(3)' 100(3)' 100(3)' 70 (",) 0 (4) 60 (4) IO (3) IO (4) 0 (3) 

Kl (0 2'.70 ) ' 1 5 100 (Ci)., 100(4)'• 100 (4) ., I 00 (3) 100(4)' 100 (3) • 3'i (C,) 0 (4) CiO (4) 10 (3) IO (4) 0 (3) ~ 

' lJ-ala11111e 20 I 00 (4) 100 (4) 100 (4) I 00 (3) 100 (3)' 100 (3)' 3r, (5) 0 (4) <iO (4) IO (3) 2r, (4) 0 (3) 

KI (0 3'.70 ) ' I 5 100 (4) I 00 (3) 100 (4) • I 00 (3) 100 (3)' 100 (3)' 30(5)'• 0 (4) c;r, (4) IO (3) 20 (4) 0 (3) -
' b-ala11111e 20 100(4)' 100 (3) • 100(4)' I 00 (3) 100(3)' I 00 (3) ' 30(5)' 30(4) 75 (4) IO (3) 20 (4) 0 (3) 

b-a lan111c I ; 90 (5) 85 (4) 90 (Ci) 90 (4) 75 (5) a 3r, (4) • 5 (5) 'i (4) 25 (4) 10 (3) 5 (4) () (3) 
20 I 00 (5) 85 (4) 90 (5) 90 (4) 7r, (>) ; 3r, (4) • r, (">) 'i (4) 2'i (4) IO (3) 5 (4) () (3) 

Sl1edaleaf 0 36 100(">) 100(4)' I 00 (5) 95 (4) 100 (4) • I 00 (3) • 7r, (4) c,o (4) 80 (4) 30 (3) 8'i (4) 20 (3) 
0 48 100(5)' 100 (4)" 100(5)' I 00 (4) 100 (3)' 100(3) 1 80 (4) GO (4) 7; (4) 25 (3) 85 (4) 2:; (3) 

B101nod1ne I 0 100 (4) 3 100 (4)' 100(5)' I 00 (3) 100(4)' 100 (3)' 40 (C,) 0 (4) gr, (4) 15 (3) 5r, (4) 0 (3) 
20 I 00 (4) 100 (3) • 100(4)' I 00 (3) 100(4)'• 100(3)' 8()('i) 70(4) 100(4) 40 (3) 90 (4) 0 (3) 
30 100 (3) 5 100 (3) 3 100(4)' I 00 (3) JOO (4) • 100(3)' 100(4)' 90(4)' 10()(4) 40 (3) 100(4) 0 (3) 

B10111od1ne 0 I 100 (3)' 100 (3) ·, 100 (4) 5 I 00 (3) 100 (4)' I 00 (3) 70 ( 'i) 0 (4) 95 (4) 5 (3) 40 (4) 0 (3) 
(1%) + KI 0 15 I 00 (3) 100 (3)' 100 (4) 100 (3)' 1()0 (4) ·, 100(3)' 70 (">) 0 (4) gr, ( 4) IO (3) 50 (4) 0 (3) 

0 20 100 (3) 3 100 (3)' I 00 (4) I 00 (3) 100(3)' I 00 (~) ·, 9'i (5) 70 (4)' gr, (4) 40 (3) 75 (4) 0 (3) 

NONE 5 (5) 95 (5) :;o (5) 5 (5) 0 (4) 0 (4) 

1F1gures based on duplicate plots of 3 or more plants each 
2Concentrat1on calculated on the percentage of formulation used, not act1\..e 1ngred1cnt X~7i used 1n add1t1on at I p,nt/100 gal 
3Numbers 1n parenthesis are the \veeks required for the 1nd1cated percentage defol1at1on Plants usually dug by that time. 
4Term1nals damaged at storage time. 
5GrO\\'th after planting not comparable to control 



Table 6. (cont111ued) 

Plant 

Po1ass111m 
iodide (Kl) 

KI (0 2o/0 ) + 
b-ala11111e 

KI (0 3o/0 ) + 
.... b-ala11111e 
-.J 
0 b-ala111ne 

Shedaleaf 

B101nodi11e 

B1·on1od111e 
(1%) + KI 

NONE 

'H,,Early' 
apple 

0 I 30 (4) 15 (3) 
0 15 40 (4) 15 (3) 
020 60(4) 40 (3) 
0 30 65 (4) 50 (3) 

1.5 50 (4) 30 (3) 
20 80 (4) 20 (3) 

1.5 80 (4) 15 (3) 
20 85 (4) 20 (3) 

l 5 15 (4) 10 (3) 
20 40 (4) 10 (3) 

0 36 95 (4) 10 (3) 
048 100(4) 10 (3) 

1 0 90 (4) 10 (3) 
20 90(4) 10 (3) 
30 95 (4) 15 (3) 

0 l 100 (4) 10 (3) 
0 15 100 (4) 10 (3) 
020 100(4) IO (3) 

0 (4) 

Japanese 
greenledf 
barberry 

80(5) 50 (4) 
80 (5) 50 (4) 
90 (5) iO (4) • 
95 (4) 80 (4)' 

95 (5) 80 (4) 
100(5) 80 (4) 

100(4) 100 (4) 
100 (3) 100(4) 

65 (5) 65 (4) 
35 (5) 65 (4) 

50 (5) 50 (4) 4 

50 (5)' 50 (4) ,, 

100 (4) 5 100 (4)' 
85 (5)' 85 (4) 5 

50 (5)' 80(4) 45 

100 (3) 100(4) 
100 (3) 5 100(4) 
100 (3) • 100 (4) 

50 (5) 

P n1ahaleb 
sldg 

l 00 (5) 100(4) 
l 00 (5) 100 (4) 
I 00 (5) I 00 (4) 
I 00 (4) I O<l (3) 

100 (5) 100(4) 
100 (5) 100(4) 

100 (5) 100 (4) 
100(5)' 100(4)' 

35 (5)' 55 (4) 5 

35 (5) 5'i (4)' 

100(5)' l 00 (4) 
JOO (5)' 80 (4)' 

85 (5) 5 100(4) 
100(5)' 100(4) 

French 
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0 (3) 0 (2) 5 

0 (3) 0 (2) 

0 (3) 0 (2) 
0 (3) 0 (2) 

0 (3) 30 (2) 
0 (3) 30 (2) 

0 (3) 0 (2) 
0 (3) 0 (2) 
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SUM1\1ARY AND CONCLUSIONS 

Of the 30 chemicals or chemical combinations t1sed dt1r
ing the 5-year period of this study, DEF (0.25 - 0.75 % ) , Bro
modine (1.0 - 2.0',7iJ), KI (0.1 - 0.2%), Nacconol NR (0.5 -
1.0%), and KI (0.1 % ) in combination with Bromodine 
(1.0o/,,), alanine (1.5 - 2.0%), Nacconol NR (0.5o/o) 01· 

DEF ( 0.25 o/o) we1·e most successful. These chemicals were 
all used on a number of plants during at least two years of the 
study. 

The 33 cultivars used varied considerably in their re
sponse to defoliants. No satisfactory t1·eatment was found for 
weigela or fo1· P. caller11a11,a seedlings. 'Rome' apples we1·e 
very difficult to defoliate without in.iury, p1·obably because 
they tend to grow late in the season. Apple and pear seed
lings ( othe1· than P. calleryana) va1·ied considerably in ease 
of defoliation. In general, all plants became, more resistant 
to damage and easier to defoliate as dormancy approached, 
because growth ceases, tissues harden, and the natural abscis
sion p1·ocesses begin. Evidence was obtained to sho,v that 
it would not generally be necessary to wait for complete de
foliation prior to digging, bt1t only for adequate loosening of 
leaves. Subsequent digging and handling prior to storage 
caused the loss of re,maining leaves. 

It was evident that two defoliant applications approxi
mately a week apart at low rates would often cause faster 
defoliation with less injury than a single application of a 
higher rate. SatisfB.ctory results might be obtained by using 
a very low rate applied approximately 4 to 5 weeks prior to 
digging followed by a second application one to two weeks 
later. 

Many factors appeared to influence the response to de
foliants, i.e. plant vigor, stage of plant growth, nutrients, 
moisture, te,mperature, growing season, location, and individ
ual plant characteristics. It is, therefore, doubtful that a 
given chemical can be found, except one which is naturally 
occurring, which will be satisfactory for a large number of 
plants. If such a chemical can be found, the proper rates will 
probably vary and the 1·esponse will be influenced by the above 
factors. The chemicals mentioned above as being most sat
isfactory can undoubtedly be safely used on a number of 
plants, but they cannot be used without regard to the influenc
ing factors .iust mentioned. Not only is this important, but 
inadequate care following t1·ans.planting may cause undue loss 
of defoliated plants. 

More trials must be made. Undoubtedly, additional pro
mising chemicals will be found. Programs currently under
way which are searching for fruit looseners may yield chem
icals of value for stimulating leaf abscission ( 5). More needs 
to be known of the plant characteristics which inflt1ence the 
penetration and response 1:o defoliants in 01·der to make it 
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possible to defoliate difficult types. Other approaches to de
foliation, such as the use of electrical current or a combination 
of defoliants and growth regulators might have promise. 
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FRIDAY AFTERNOON SESSION 

September 8, 1967 

VICE-PRESIDENT TICKNOR: Our second session this after
noon is on the subject of ''Rhododendron Propagation''. We 
have a most capable moderator whom you all know - Bill 
Curtis, of Wil-Chris Ac1·es, Sherwood, Oregon. Bill, will you 
get the p1·og1·am unde1·way again. 

MODERATOR CURTIS: Our fi1·st speaker is M1·s. Jean Whal
ley. When the rest of us fail to get something really tough 
rooted, we go to Mrs. Whalley and she roots it fo1· us and does 
a real good job. It is my pleasure to int1·oduce Mrs. vVhalley 
to those of you who have not met he1· before. Mrs. Whalley: 

ROOTING RHODODENDRONS IN PLASTIC BANDS 
JEAN WHALLEY 

J. B. Whalley Nu1·se1·y 
T1·outclale, 01·egon 

We have always used electric bottom heat; many yea1·s 
ago we used lead cables - then the so-called ''Roberson'' 
cables - next General Electric, and we have now, for the past 
several years, used the type of electric cables which builders 
put in floors or walls of houses (which are about half the 
price of our former cables). By the way, I learned about using 
the building cables at one of our Propagators' meetings. We 
keep our bottom heat set at about 72° or 73° F and have auto
matic thermostats to control the temperature. We have laid 
½'' mesh hardwa1·e cloth over the cables as a protection and 
to keep them from getting out of place, although they are 
pegged down with wire loops at the ends of the beds. The 
cables are about 2'' to 21h'' apart in the beds. 

Our first operation is to lay down the bands, which are made 
of 211/4'' plastic. The beds where we root our rhododendrons are 
all ground beds, so we lay down the bands in straight rows, 
anywhere from 17 to 28 bands across- depending on the 
width of the beds, which average between 4 and 6 feet. We 
have sponge rubber kneeling pads, which may be laid across 
the top of the bands in order to reach across the beds. 

After the bands are laid down we fumigate the entire 
house, including the bands, which we often are able to use for 
several seasons. We fumigate with formaldehyde (1 part 
formaldehyde to 15 parts water) applied with a Syphonex on 
a hose. We leave the house closed for 24 hours or more, then 
air it well for seve1·al days, or until there is no odor. 

At this time we fill the bands with heaped up piles of 
peatmoss, which has been thoroughly watered, then smooth it 
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over with a board until the 1·ooting medium is even with the 
tops of the bands. After this we punch it down with a wooden 
punch which just fits into each band. We then put on more 
peatmoss, level it off and this time do not tamp it down but 
.iust wate1· it well. This makes the moss compact enot1gh to 
hold the cuttings in place. The peatmoss we prefer is called 
''Greenhouse Grind'' and is medium coarse. We use straight 
peatmoss, with nothing else mixed with it. We have rooted 
1·hododendrons with Hormodin #3 plus the same quantity of 
Captan mixed with it (also Jiffy Grow, usually 1 to 10 in 
strength). We have also used Hormodin #3 with half Captan 
and l 'Yo indolebutyric acid added; we find this and the Jiffy 
Grow solution to give about the same results. 

After the cuttings are made up and dipped in the hormone 
we stick them in the bands in the same manner in which we 
filled the bands, i.e. kneel on the paths or bands where neces
sary. 

We use inte1·mittent mist over the beds, from Flora Mist 
brass nozzles, 4 feet apart, on 1/2'' plastic pipe. There is one 
line over the narrow beds and two ove1· the wider beds. We 
have Intermatic clocks, which we have set to mist from 30 to 
45 seconds every half hour. They may be adjusted to mist 
every 15 minutes if we wish. Each bed has a clock and there 
is a master clock, if we wish to use it. 

After the 1·hododend1·ons a1·e well-rooted, but before the 
1·oots have g1·own down into the cables, we take them up and 
put them in flats, 30 to a flat, leaving them in the beds but 
with the heat tu1·ned down to about 50° F - .iust high enough 
to help prevent frost if it should turn ve1·y cold. We try to 
keep the plants cool for six wee,ks or so, then hope the weath
er will turn warm, otherwise we may have to turn on our 
boilers to force out the top grow'ch. Du1·ing this time we fer
tilize about every 2 weeks with a water soluble fertilizer, 25-
10-10 at half strength, or 1 lb. to a gallon of water through 
the Syphonex. As new growth develops we try to keep the 
shoots pinched to induce branching. 

We are very unorthodox in that we find that cuttings 
made in October under our conditions give the best results, 
although we do stick them as early as July if our customers 
request it. We do quite a bit of ''custom p1·opagating'' of rho
dodendrons as well as rooting our own cuttings. 

The advantages of rooting di1·ectly in the bands are: 
Saving on labor costs - less handling. 
Roots are not disturbed, as in transplanting. 

The disadvantages are: 
More space taken up to start with, thus more elec

t1·icity used. 
If cuttings do not root well, space is wasted. 

Last year we rooted between 100,000 and 110,000 cuttings 
and our overall rooting percentage was 75 to 80 'Ye. We had 
several varieties which did not root well last year- (both ou1· 
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own cuttings and the same varieties from othe1·s) which 1·e
duced our percentage, but many lots 1·ooted about 100 ;Yo. This 
yea1· we a1·e not 1·ooting the difficult va1·ieties in bands but 
will t1·ansplant them after they are rooted. 

MoDERA TOR CURTIS: The next rhododend1·on grower-
p1·opagator on the program is Mr. Ranville Hart. M1·. Hart 
lives in Mt. Ve1·non, Washington. M1·. Hart. 

THE PROPAGATION OF RHODODENDRONS 
RANVILLE HART 

M ourit Ve1·no1i, Washing tori 

I p1·opagate my rhododendrons in a 100 by 25 ft. glass
house which is equipped with hot water heat. The pipes are 
located in the air beneath the benches. The temperature is 
kept at 75°F in the pot zone by thermostatic control. There 
is no top heat. One 42'' two-speed fan provides forced air 
ventilation. 

The benches a1·e n1ade of concrete slabs with a six inch 
sides. They a1·e skirted with polyethylene. Monarch spray 
nozzles with a 5-ft. coverage set four feet apa1i; adequately 
p1·ovide controlled mist. They are cont1·olled by a clock with 
a 10 second eve1·y 5 minute cycle but a1·e shut off nights and 
1·ainy days. Every few days I ''spot water'' to cover the dry 
areas. 

I use square peat pots set on 1/2'' of sand - 3'' for stand
a1·d varieties and 21/4'' fo1· dwarfs - firmly filled with a me
dium of 50% coarse sand and 50 % peat by volume. These pots 
are well-watered after they are set and the heat is tur11ed on 
before I begin taking cuttings. 

I make my cuttings during the first part of November. I 
have tried taking cuttings earlier but have had best success 
with the early Novembe1· ones. The cuttings are three inches 
long and have a heavy double wound. I quick-dip them in 
Jiffy Grow - one part per ten parts water - as I stick them 
in the bench. This is done as quickly as possible to p1·event 
loss of moisture. I water them in immediately. 

The cuttings are well-1·ooted by the first of May and are 
1·eady to be set out. I don't move them until I transplant them 
into the lathhouse. I had 95% rooting this past year using 
fifty varieties. 

Fo1· g1·eenhouse sanitation I have had success by leaving 
the benches open in summer and using Captan dust to control 
fungi if any appears during the winter. 

I grow the plants in the lathhouse one year, then at least 
two years in the field, before sale. The year-old liners are 
pla.nted in beds in sandy loam soil, sprayed with Casoron im
mediately, then mulched with two inches of alder sawdust. 
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MODERATOR CURTIS: In the Portland ar·ea the1·e are a 
great many 1·hododendrons grown and the next man to speak, 
I would say, came by his work honestly. His father was one 
of the early experts in g1·owing rhododendrons from cuttings. 
In fact, I think he was one of the fi1·st men to root rhododen
dron cuttings. So Ted had real good early training, and he 
is following in his father's footsteps and is doing the same 
good .iob his father did. It is a great pleasure to introduce 
Ted Van Veen. 

SELECTING RHODODENDRON CUTTINGS 
TED VAN VEEN 

Van Veen Nu1·se1·y 
Portlarid, 01·egon 

'l'oday the nu1·se1·yman is greatly awa1·e of the economic 
importance of increasing his production and reducing his costs 
in order to maintain a reasonable profit margin. As a com
mercial grower, our nu1·sery is ever mindful of this premise 
as a necessity for su1·vival. Proper selection of cuttings can 
be a decisive profit maker. I come with no profound mes
sage, no new scientific discove1·ies, or great panacea to all 
1·hododend1·on p1·oblems. The selection of cuttings still is 
more of an a1·t than a science. But scientific research has 
been, and will continue to be, a tremendous guide for all of us. 
Th1·ough this discussion, I hope to share with you the methods 
we use in our nursery for taking cuttings. Whether you agree 
or disa.gree with these p1·ocedures is not important. Of more 
significance, it is an opportunity for you to add to your store
house of information, correlate these experiences with your 
own, and possibly enable you to reach some new conclusions 
which will help the profit picture of your own operation. 

Consideration must be given to the ob.iectives of the prop
agator. As a large producer of rhododendrons exclusively, our 
aims could be quite different from so1neone else's. Our situ
ation becomes complex because we carry a wide selection of 
varieties for varying purposes. However, in general, our goal 
for the major commercial varieties is to produce quality root
ed cuttings quickly - cuttings which will result in healthy, 
multi-branched plants in the spring. And of great importance 
is a substantial, well-attached root ball - so necessa1·y for the 
eventual survival of the plant. 

Well established stock plants a1·e essential for quality 
rhododend1·on production. Optimum rooting in the shortest 
time cannot be attained by field stripping production plants 
because of diffe1·ent treatments. The high nitrogen content 
in field plants, being pushed along fo1· best possible growth 
and bud set, is not conducive to fast and high rooting percent
ages. And, of course, in spite of the fact that they root more 
easily, .iuvenile cuttings from small plants cannot be success
fully used because they ,vill not result in top quality stock. 
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Many of the stock plants in our nursery are 25 to 30 years old. 
Incidentally, they do not seem to have lost any of their vigor 
or their ability to produce a good percentage of quality 
pla.nts. This mother stock is in full sun with a permanent over
head water system. In order to attain faster, better growth, 
all stock plant flower buds are removed .iust as they begin to 
swell prior to blooming. As a preventive maintenance meas
t11·e the entire nursery is sprayed fo1· root weevil once each 
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t1ndesirable shoots in the cutting bench. Burned and scarred 
foliage is another inducement for rot. 

I would like to add a b1·ief note about p1·eparation of cut
tings because it ties in with the type of cuttings we select. 
Stems a1·e left a little longe1· than normal for rhododendron 
p1·opagation because we p1·efer to 1·etain a few mo1·e leaves. For 
greate1· rooting potential, the top foliage is trimmed very light
ly, but a little more extensive shearing is done on the lower· 
leaves. All flower buds a1·e r·emoved at the time the cutting 
is prepared in order· to r·educe potential r·ot and to prevent 
competition later with the new 1·oot system. 

Our per·centage of rooting is usually 85 % to 90%. This 
percentage would be much better if we would pr·opagate only 
easy-to-root varieties, tried no exper·iments, and did not dis
car·d all cuttings not rooted by the end of March. While this 
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percentage is not pa1·ticularly good, we feel that the ove1·-all 
quality of the fi11ished plants is of much more impo1·tance, 
that the first year field survival will be be'cter, and custome1· 
satisfaction will be greater. It would not be difficult to im
prove our rooting ratio by using inferior cuttings. However, 
we prefer the higher profit record to the higher 1·ooting reco1·d. 

MODERATOR CURTIS: Our next speaker is f1·om Ma1·ion, 
Oregon, which is 1·ight close to Salem. He is doing an excep
tionally fine job with azaleas and rhododendrons. Most of his 
material, I think, is sold by mail orde1·. He has a number of 
new va1·ieties. Here is Nir. Robe1·t Comerford, who will speak 
to us on Exbury azaleas. 

EXBURY AZALEA PROPAGATION 
ROBERT COMERFORD 

Come1·forcls 
M a,1·ion, 01·ego1i 

I .ioined this organization to Iea1·n but afte1· six years as 
a member he1·e I am up f1·ont, and 10 n1inutes is a long time 
with nothing new to say. I shall have to take a 1·eview ap
proach. But, the more I wo1·ked on this topic the mo1·e I felt 
it was needed. 

I now have a specialized mail-01·der business selling rho
dodendrons and azaleas directly to the home owner at 1·etail. 
Rhododend1·ons 1·oot well in the fall and winter and Exbury 
azaleas root well in sp1·ing and summer, so I can keep my 
benches full the yea1· around. I have no su1·e-fi1·e rooting 
method that has wo1·ked ,veil th1·ee years in a row. 

I have t1·ied almost every new idea in deciduous azalea 
propagation through the yea1·s. I t1·y to g1·ow about 80 differ
ent deciduous azaleas, of which some 60 are named Exbury 
azaleas. A few are 1·ather easy to propagate but, as usual, 
most of the best yellows, reds, and some pinks are ''bearcats'' 
to p1·opagate. 

Using a glass-house, I have t1·ied everything from a plas
tic tent, plastic tent plus mist, mist only, outside mist, heat
ing cables, no cables, coa1·se sand, fine sand, fine sand and 
peat, fi11e sand and peat plus Sponge Iiok, sand and Sponge 
Rok, etc. Then Hormodin #1 and #2, Cutsta1·t l/2X-X-XX
XXX, Jiffy G1·ow #2, and none at all. I have used liquid fe1·
tilizer in.iections into the mist lines. I have tried lights dur
ing rooting. I have ,vaited stubbo1·nly fo1· nine months to see 
if the cuttings would 1·oot in spite of me. 

I have yet to 1·oot the deciduous azaleas i11 a co111me1·cially 
acceptable pe1·centage by any method three yea1·s in a row. 
In other ,vords I da1·e not stick my head out in the wholesale 
arena. I consider 110 one method the best as yet. I have tried 
the winter forcing - then rooting - technique mentioned 
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last fall in the Plant Propagators' Proceedings but I fell flat 
on my face. Perhaps because, as a trial, I converted part of 
a cool house to heating and forcing, the warm air heat I had 
available dried out the stock plants too much. 

With summer propagation a ''Fail-Safe'' mist system is 
needed. This summer my main fuse box went out fo1· about 
t/2 hou1· and I got tip bu1·n on everything. However, I seem to 
have about 50 (Yo 1·ooting so fa1· this yea1·. A competitor friend 
says his pe1·centage 1s quite high this yea1·. He uses rows of 
modified Nearing frames. He also took his cuttings very 
late in June. Our season was extremely abnormal, this spring 
- ve1·y late. Last year I took cuttings April 7th b11t this 
yea1· I took them May 10th and later. 

Withholding fertilizers from stock plants seems to help 
but I can't see maintaining a large pla.nting of half-starved 
stock plants as a sound commercial venture. If I had to do 
this I feel I should go back to layering. In the current issue 
of The Plant Propagator, Vol. 12, No. 4, the article on ''Root 
P1·opagation of Native Azaleas'', by Fred Galle makes one get 
excited. Of course one has to lift the plants, etc. but 100% 
rooting is quoted, with 70% as sure-fire. I am sure this is 
possible but the exact way to do it on a large scale must still 
be worked out. 

I feel one of the main problem of propagation is the broad 
geographic origin of the plants used for today's azalea hy
brids. Here is a brief history. About 1730, two American 
azalea species were introduced into England - the swamp 
honeysuckle - Rhodocle1,iclro1'1, viscosu1n, and the pinxterbloom 
- R. 'riucliflo1·u1n followed in 1800 by the flame azaleas - R. 
calenclulaceilm and the oconee - R. SJJeciosum. This quartet 
of American species was then combined with the East Europe 
plant of the Pontic apalas - R. luteum (syn, R. flavum). 
This group fo1·med the Ghent azaleas introduced in 1825. Ap
pa1·ently, about this same time, similar species were used by 
others, but thought to be included a1·e the Chinese form of 
R. niolle and our native sweet R. a1·bo1·esce1,is. About 1850, 
Waterer of Knaphill Nursery, England, began breeding, us
ing forms of the Chinese R. molle and R. calendulaceum with 
the Ghent Hyb1·ids and later with the North American, R. ar
boresce1is and our West Coast native R. occidentale. We now 
have a total of eight species, plus hybrids, in the development 
of the Knaphills and a race of azaleas with untold possibilities 
genetically - and the need of an IBM computer to determine 
the parentage. This is where Lionel de Rothschild started. His 
estate was called Exbury, hence the name given to his group 
of azalea hybrids. His breeding program lasted about 40 
years. He could afford and did get the better fo1·ms, made 
hundreds of crosses, and raised thousands of seedlings. So, at 
this point, we now have Azaleas with much larger flowers 
(some in trusses or clusters), hardiness, fragrance and an ex
tended blooming season. It is ve1·y dynamic group but ex-
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tremely difficult to p1·opagate. Eve1·yti1ne I get ove1·-confide11t 
and think I have the answe1·, I all flat n my face. 

In conclusion, here is what I think wo1·ks best for me: 
1. Take cuttings as early in the yea1· as possible - April if 

you can - and so soft they a1·e almost limp. Take them 
very early in the n101·ni11g and quit by 10 A.M. W ate1· the 
stock plants the day befo1·e. 

2. Dip the cuttings in Jiffy Grow #2, diluted 20 to 1. Do not 
wound but water in well. 

3. For a 1·ooting medium use 2/1 coa1·se sand and '/21 Sponge 
Rok, medium grade. 

4. Use a plastic tent about 3 ft. above the bench, primar·ily 
as a ''Fail-Safe'' system in case the mist goes off. 

5. Mist lines: Use your own _judgement as to mist interval. 
The leaves are coa1·se and hairy and with this type of leaf 
there is likely to be more leachi11g through the leaves. 

6. I put heating cables down but don't use them until the 
nights become cool. 

7. At about 10 weeks I give a folia1· sp1·ay of Jiffy Gr·ow //2 
at 25: 1 dilution. 

8. If the cuttings are very slow to root, inject liquid fertili
zer into the mist lines for a day. I use Liquinox 10-10-5 
because of it's dete1·gent type action for wetting the coarse 
leaves. 

9. When you think you ca11't wait any longer, transplant the 
cuttings to a cool house for the winte1· then move the 

plants out to full sun the following spring. 

I now stick 10,000 cuttings a yea1· and have had 70% 
1·ooting as my best effo1·t. I believe that someday these will 
be rooted by the hundreds of thousands. It has been said that 
the rhododendron is the King of sh1·ubs. The Exbury azaleas 
then are the aristoc1·acy. 

MODERATOR CURTIS: The next topic on the progr·am con
cerns factors influencing 1·ooting of 1·hododendron cuttings. 
Mr. Johnson, our next speake1·, has a B. S. degree from Color
ado State University. In 1964 he spent a yea1· in Copenhagen, 
Denmark, and then returned to 01·ego11 State University in 
1965. Mr. Johnson. 

LEAF AND APICAL BUD REMOVAL AS A MEANS OF STUDYING 
THE INFLUENCE OF FLOWERING ON ROOTING 

IN RHODODENDRON 
C. R. JOHNSON AND A. N. ROBERTS 

Depar·tment of H 01·ticultu1·e 
01·egurl State Univer·sity, Corvallis, 01·ego,1l 

Both inte1·nal and exte1·nal factors a1·e important i11 ad
ventitious 1·oot fo1·mation. We a1·e interested in the endogen
ous physiological facto1·s, particula1·ly the influence of flower 
initiation on 1·ooting. Although flo~'ers are viewed mor-
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phologically as shoots with metamorphosized leaves, their 
structure and function are quite different from leaves (11). 
The stimulus responsible for flower induction is unknown. 
Flowering, as well as rooting, is p1·obably brought abot1t by a 
constellation of chemical 1·eactions. 

It is generally considered that shoots with terminal leaf 
buds root better than those with flower buds ( 4). Kemp (5) 
suggested that flower buds inhibited rooting in the Rhododen
dron shoot. De Boer increased the rooting of flowering rho
dodendron shoots by removing flower buds (2), as did 
O'Rourke with Vaccinium (7). Turezkaya, as reviewed by 
Selim (9), found that rooting in cuttings of Perilla and Soja 
decreased with flower initiation, and disappeared completely 
during anthesis. She concluded that the flowers and f1·uits 
mobilized plant auxins leaving none for root initiation. Re
cent evidence (6) supports this conclusion, showing an ac1·0-
petal transport of IAA after flowe1· initiation. Adams ( 1) 
noted that flower initiation in Rhoclodendron 'Roseum Elega11s' 
began when the shoot and largest leaf were half expanded. He 
found the enlarged leaves rest1lting f1·om flower initiation 
did not have the rooting-potential of smalle1· leaves f1·om non
flowering shoots. 

We a1·e using growth analysis, following leaf and flowe1· 
bud removal, to study the flowe1·ing-rooting phenomenon. 
Roberts (8) by mechanical leaf removal on plum, and Ful
ford (3) using defoliating sprays on apple found complete de
foliation prior to flower initiation caused terminal buds 
to produce new vegetative growth. The buds produced flow
ers when shoots were defoliated after initiation, serving to index 
time of flower initiation in relation to shoot development. 
The rhododendron bud has been found incapable of vegetative 
reversion after 90 - 100 mm of shoot extension. Certain leaves 
on the shoot are mo1·e important i11 flowe1· initiation than oth
ers. Early removal of these should hinder flowering and 
thereby enhance rooting. This technique could also be help
ful in studying the importance of leaf position in 1·ooting. For 
example, leaf 1·emoval in a certain position could enhance the 
rooting in another. 

Flower bud removal is a direc'c means of studying the 
flowering-rooting 1·elationship. This method of study has 
proved satisfactory in research on cultivar 'Pink Pearl' this 
past year. Lateral buds in the second or third leaf axils sub
tending the terminal flowe1· bud were removed and dissected 
at different stages of shoot elongation. Previous studies have 
shown that shoots arising from this position usually termin
ate in flowe1· buds. Thei1· flowe1·ing natu1·e was substanti
ated by the heavy flowering of remaining shoots. The mature 
flower bud usually contained 18 bud scales and about 16 
flo,vers. Expanding shoots were found to produce 18 scales when 
36 mm long, so it seemed reasonable to expect that apical bud 
removal before this time would eliminate the flowering Rtim-
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ulus. Apical buds were removed 
at 6 stages of elongation: 

Stage 
1 
2 
3 
4 
5 
6 

from such expanding shoots 

Shoot Length 
20 - 28 mm 
29 - 34 mm 
35 - 45 mm 
46 - 55 mm 
56 - 65 mm 
66 - 115 mm 

Leaf-petiole cuttings were taken the last of August fo1· 
evaluating the rooting capacity of the shoots. The rooting 1·e
sponse was determined on the basis of actual root-ball diam
eter and the rooting-potential was calculated as root-ball diam
eter per 10 cm' leaf a1·ea. 

In general, large1· leaves were found to be associated with 
flower initiation, but apical bud removal befo1·e flowe1· initia
tion reduced leaf size. However, the terminal 3 - 4 leaves 
were nearly always equal in size regardless of bud removal 
treatment. Thomas (10) found that expanding leaves in 
Chenopodiuni a1na1·anticolo1· were stimulated most dt11·ing 
flower initiation. The middle leaves we1·e expanding during 
flower initiation but the terminal leaves were not, thus leaf 
expansion in relation to flower initiation helps explain the 
differences in leaf size. 

Larger leaves produced slightly greater root-ball diame
ters than smaller ones but the smaller leaves had greater root
ing-potential. Apical bud removal befo1·e flower initiation in
creased rooting response. In most cases rooting was increas
ed by apical bud removal at all stages of shoot elongation. 
This inc1·ease is attributed to the elimination of the competi
tive sink established by developing flower buds, which attract 
materials essential in rooting. 

Summa1·y. Flower initiation is known to decrease the 
rooting of Rhododendron cuttings. Leaf and flower bud re
moval we1·e used for studying the flowering-rooting relation
ship. Leaf removal was useful in dete1·mining time of flower 
initiation and studying leaf position influence. Apical bud re
moval before, during, and after flowe1· init.iation was a more 
satisfactory means of studying the flowering-rooting relation
ship. Bud removal before initiation reduced leaf area and in
creased rooting-potential. Later remov:-1.l did not affect leaf 
area but did slightly enhance rooting. It appears that bud re
moval at the right time eliminates a sink which competeR for 
factors essential in rooting. 
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IJ1cn111,1I IJc,111ng i11 apple /0111 H<;rt Sc1 35 202-213 

•I Go1Lc1. Cl11e J 1957 ·r11c 1oc,t111g of cull111gs of vegetative a11cl flowc1111g 
JJl,111ts />1,,c Aliarl 11,111 1,1,:t,•11,1!1r1jJpe11, A111st,·11/r1111, iie1 C, 60 61-66 

r,, Kctnp, E I~ 1!148 So111c aspects of pla11l propagatt<Jtl by c11tt111gs w1tl1 
special 1cfc1cncc to tl1c ,clcct1c,11 of 111.1te11al ]01,1·, R<,)'1,l Hoit, Soc 73. 291-
3or, 

(i N,1q11i, S 1\1 ,111d S A Go1do11 1965 1\uxi11 transport 111 floweri11g a11d 
vegetative ~lt<)()ts of Co/e11, /,/11111e1 13e11th Pl<111t Phy,10!, 40 116-118 

7 O'Ro111 kc, I~ L I 940 Tl1e 111fl11c11ce of blossom bttds 011 root111g harcl-
wood c11tt111g, of bl11clJc11·y P1oc A111e1· .~oc Hort Sci 40 332-334. 

8 R<,IJct ts, R H 1923 Effects of dcfol1at1011 11po11 blossom bttd formation· 
Arnet 1c,111 plttm species f,1111 Ag,1c Exp Sta Ile,, B11ll 56 

!I Sel1111, H H 1\ JC)',6 ·rt1e effect of flower111g on adve11t1tio11s root-fo1·ma-
t1011 Med,:d La11d/1011111/1nogc1c/1 Wage11111ge11 56 (6) 1-38 
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VICE-PRESIDENT TICKNOR: For the last session of the 
1967 meeting, Dr. Howard Brown, Head of the Ornamental 
Ho1·ticulture Depa1·tment, California Polytechnic College at 
San Luis Obispo, will be our moderator. We will have a ses
sion now on varieties and teaching. Howa1·d, will you get the 
program underway? 

MODERATOR BROWN: Ou1· fi1·st speaker fo1· this panel has 
been in the field of plan'c p1·opagation and plant growing fo1· 
many years. In fact he was telling me last night he taught 
his first class in plant propagation 46 years ago. He tat1ght 
at Rutgers and received his doctorate from Columbia Univer
sity. He came to Washington and was engaged in cranberry 
farming before he went into the nursery business. He now 
operates Clarke Nursery at Long Beach, Washington, and is 
a specialist in rhododend1·on p1·oduction. His topic today is 
naming and 1·egistering plants. It is my pleasu1·e to present 
Dr. J. H. Clarke: 

NAMING AND REGISTERING PLANTS 
J. HAROLD CLARKE 

Cla1·ke Nursery 
Long Beach, Washingto11, 

The naming of plants is not strictly a part of propaga
tion but is closely allied with i t. All plants we ,vork with 
have names, or numbers, or identification tags of some kind. 

Some of our members are plant b1·eeders and perhaps 
they have the g1·eatest responsibility in this matter of naming 

responsibility to themselves and their own good name and 
to the public at large. ' 

Many of our members are engaged in research. Eve1·y 
good plantsman knows that diffe1·ent kinds of plants, a11d dif-
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VICE-PRESIDENT TICKNOR: For the last session of the 
1967 meeting, Dr. Howard Brown, Head of the Ornamental 
Ho1·ticulture Depa1·tment, California Polytechnic College at 
San Luis Obispo, will be our moderator. We will have a ses
sion now on varieties and teaching. Howa1·d, will you get the 
program underway? 

MODERATOR BROWN: Ou1· fi1·st speaker fo1· this panel has 
been in the field of plan'c p1·opagation and plant growing fo1· 
many years. In fact he was telling me last night he taught 
his first class in plant propagation 46 years ago. He tat1ght 
at Rutgers and received his doctorate from Columbia Univer
sity. He came to Washington and was engaged in cranberry 
farming before he went into the nursery business. He now 
operates Clarke Nursery at Long Beach, Washington, and is 
a specialist in rhododend1·on p1·oduction. His topic today is 
naming and 1·egistering plants. It is my pleasu1·e to present 
Dr. J. H. Clarke: 

NAMING AND REGISTERING PLANTS 
J. HAROLD CLARKE 

Cla1·ke Nursery 
Long Beach, Washingto11, 

The naming of plants is not strictly a part of propaga
tion but is closely allied with i t. All plants we ,vork with 
have names, or numbers, or identification tags of some kind. 

Some of our members are plant b1·eeders and perhaps 
they have the g1·eatest responsibility in this matter of naming 

responsibility to themselves and their own good name and 
to the public at large. ' 

Many of our members are engaged in research. Eve1·y 
good plantsman knows that diffe1·ent kinds of plants, a11d dif-
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ferent clones of the same kind of plant, differ greatly in their 
cultu1·al requirements, their response to pest control methods, 
and their response to different methods of propagation. 

Our retail nurserymen members know that different va1·
ieties have widely different values and so he, as well as othe1· 
horticulturists, has a vested interest in clear, concise, easily 
remembered non-duplicated names. We all want to know 
what we are working with. 

Botanical riames. The botanists, since the time of Lin
naeus, have had a systematic scheme of naming the various 
kinds of plants as they appea1· in the wild. For a number of 
years they have had a Code of Botanical Nomenclature, inter
nationally 1·ecognized, and reasonably well followed. For some 
ornamentals, both woody and herbaceous, the botanical name 
suffices, although all too often it is ol)scured and confused 
by local common nan1es which follow no code or system. 

My own interest has been with woody plants and the 
st1·awberry, gladiolus, iris, and othe1·s which are t1sually 
propagated asexually. My remarks from here on will deal 
primarily with woody plants, and illustrations will be from 
the genus Rlioclodencl1·on which includes azaleas. For several 
years I have served as Registrar of names fo1· the Ame·rican 
Rhododendron Society, and so have followed, with some inte1·
est, developments in the field of naming plants. 

What's in a name? First and most important it is a 
method of identification, nearly always necessary, although at 
certain stages a number would do as \\'ell. However, names 
may also be descriptive; they may, by their aptness, add value 
to the variety, or they may serve as a n1emorial to some indi
vidual or place. 

Clo1ial 1ia1nes long usecl. Names for certain clones of 
woody plants, notably fruit trees, were in use as far back as 
we have written records in those particula1· fields. The wide
spread use of clonal names seems to have developed with 
modern agriculture, getting a significant start some 100 to 
200 years ago. As would be expected, such usage was some
what disorganized; names we1·e likely to be changed at will, 
used over again, or given to othe1· clones already named. There 
was a tendency, with certain plant g1·oups, to ape the botan
ists and show off their erudition by giving Latinized names 
to horticultural varieties. 

During the last 100 years there has been a slow, volt1n
tary, developme11t of reason and restraint in the naming of 
plants. The use of vernacular (English in Canada and the 
U. S. A.) names, instead of Latin, became more universal as 
did the disapproval of renaming, the giving of names already 
in use, and the questionable practice of using names supe1·la
tively laudato1·y such as 'World's Best'. 

Although the Botanical Code is st1·ictly technical, and 
gives little attention to horticultural varieties, it did set peo
ple to thinking that something shot1ld l)e done with hortict11-
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tural na-mes. As a matter of fact, ce1·tain botanists and hor
ticulturists had started making such proposals over 100 years 
ago. It was not until 1952 that a rather complete ''Interna
tional Code of Nomenclature for Horticultural Plants'' was 
actually agreed upon, p1·inted, and widely distributed. The 
Royal Horticultural Society of London printed the Code in a 
pamphlet which outlines its historical development in some de
tail. A later edition was published in 1961 and doubtless there 
will be further amendments and printings. It is not the pur
pose of this paper to give· the details of the various sections 
of the Code, a copy of which may be obtained from the Amer
ican Ho1-ticultural Society, Washington, D. C. The American 
Association of Nurserymen has published a useful leaflet, 
based primarily on the Code, entitled ''How to Name a New 
Plant''. 

No specific legal 1·equi1·eme1its. In the U. S. A. there are 
no legal requirements directly governing the naming of a 
plant. The b1·eede1· may use any name he wishes, st1bject only 
to the laws gove1·ning· libel and liability; renaming an exist
ing variety might cause financial loss and 1·edress might be 
sought in the courts. 

Names may be protected by copywright. Plant patents 
are given to a plant entity, based on a description, and not to 
a name. The Code of Nomenclature does not change the legal 
aspects of naming plants. It usually does offer help in check
ing and evaluating names, and there is usually the reward of 
publication and the attendant publicity. 

Who? Who should name a plant? This seems a simple 
question, and it usually is. However, in the rhododendron 
field we have had va1·ieties 1·esulting from a cross made by 
one man, seedling raised by another, bloomed by a third par
ty, and the plant then sold to a fou1·th fo1· introduction. Mut
ual agreement would be desirable, but anyone vvho owns an 
unnamed plant has a right to name it. When more than one 
pe1·son owns stock of a single unnamed clone there should be 
agreement. but if not, the first name published, with a de
scription, in a 1·eputable ho1·ticultural publication, is consid
ered under the Code as being the valid name. Whether this 
would stand up i11 cot1rt in case of a suit for damages would, I 
p1·esume, have to be decided by the court, on the basis of all 
the evidence. 

When? When to name a plant is something to be con
sidered. If the breede1· is ,vo1·king solely for his own en.ioy
ment and his varieties are not to be sold or distribt1ted it 
doesn't make much difference if he gives a name to every 
seedling he raises. Most breeders probably have some hope 
of producing a va1·iety worthy of being sold, or some friend 
who receives a plant as a gift may fee·l it is worthy of distri
bution. So ever11 plant b1·eede1· really should be conservative, 
name only the best, and choose his names carefully. 

I like to see selections 11umhered, 01· given some code des-
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ignation, until trials over at least 3 or 4 blooming seasons in
dicate the plant is better than previously existing plants of 
the same general season and description. Many plants are 
named too soon, a good name is used up, and the variety may 
eventually prove 11ot worthy of p1·opagation. On the othe1· 
hand some clones get into the trade while still under a num
ber, and some purchase1· may take it upon himse,Jf to give it 
a name, which may make the breeder very unhappy. 

Breeders sometimes use ''pet'' names to identify thei1· se
lections. before they are introduced. Too often a plant may be 
given to some friend, and he lets a nurse1·yman have it unde1· 
the pet name, which n1ay very well be a poo1· one, even a du
plicate of one being used for some o'cher clone in the trade. Of 
the names which a1·e sent to me for registration by plant 
breeders, presumably well thought out names, about one 
fou1·th have been used before for rhododend1·ons and hence 
are not valid names. 

H oiv? How to name a plant is probably the question I 
am supposed to answe1·. To comply with the Code the follow
ing are the main items of procedure: Select a name which you 
think is unused and a good one, make out a description of the 
plant and flower and send it to the official 1·egistering agency 
for the pa1·ticular kind of plant. For rhodend1·ons the Regis
trar is Dr. Harold Fletcher of the Royal Botanic Gardens Ed
inburgh, Scotland. 1 se1·ve as Regist1·ar fo1· the American 
Rhododendron Society and send all such names and descrip
tions to Dr. Fletche1· for approval before publishing them in 
the A. R. S. Bulletin. If your name is turned down, try an
othe1·. The name and desc1·iption, to be valid, should be pub
lished a11d if it goes to Di·. Fletche1· di1·ectly, 01· through me, 
and is accepted, it will be published. 

Follow the Code, some of the most important points be-
• 1ng: 

Do not use a name previously used fo1· a clone in the 
same genus, or one so simila1· as to be confusing. 

Do not rename a variety already given anothe1· name. The 
first name published has priority. 

The name must be in English (for the U. S. A. or Cana
da) , not Latin. 

The name should not be too long, two words is us11ally 
long enough. 'The Honorable Jean Marie de Montague' would 
not be accepted now. 

Avoid the use of Mr., Mrs., Dr., A, or The as pa1i: of the 
name. 

Avoid names of countries, of states, and preferably of 
prominent political figu1·es. 

Do not use names of living people wi'rhout thei1· consent. 
Avoid names which exaggerate. 
A void initials if possible. 
Variety names are not affected by source, as hyb1·id, 01· 

selected clone of a species, bud sport 01· chimera. 
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lmpo1·ted varieties. Imported va1·ieties should be ha11-
dled under their original names if they are suitable. If not, 
they may be translated into English, or transliterated from 
a non-Roman to a Roman alphabet. In certain cases, with per
mission of the originator, a new ''commercial'' synoym may be 
1·egistered and used. 

Grou1J va1·ieties. Unfo1·tunately, the p1·actice started i11 
England, some 40 or 50 years ago, of giving a g1·oup, or grex, 
name to all t.he offsp1·ing of certain crosses, at first crosses 
between species, and later to back-crosses, and even f11rther. 
Subsequent crosses, between the same species, we1·e supposed 
to be given the same grex name. Many of our well known 
rhododendrons, such as 'May Day', 'Elizabeth', and many 
others are groups, not clones. In some cases clones withi11 
the g1·oup have been named, as 'Lode1·i King George', 'Loderi 
Venus', and many othe1·s. The International Rhododendro11 
Registe1·, and p11blications of the American Rhododendron So
ciety indicate, in so far as possible, ,vhich varieties a1·e clones 
and which are groups. The practice of naming group varie
ties is now frowned upon both here and in the British Isles, 
but some breeders are still doing it. 

Othe1· items in the cocle. The International Code s11ggests 
that names of horticultural va1·ieties be printed in Roman let
te1·s with the words capitalized, and included in single quo
tation marks, and that species names be printed in italics and 
not capitalized. We try to do that in the A. R. S. publications. 

The Code suggests, instead of horticultural variety, the 
wo1·d ''cultivar'', which I do not like and seldom use. ''Horti
cultural variety'' is a good term, used long before the word 
cultivar was coined. and is still used almost exclusively in the 
f1·uit g1·owing and vegetable g1·owing ind11stries. 

The code also suggests the parents of a hyb1·id be given 
in alphabetical order, accompanied by the signs indicating 
male or female. This is very confusing and I do like it be
cause breeders and geneticists for many years have written 
the female pare11t first and there was no good reason for 
changing it. Few typewriters have the symbols for male and 
female. In A. R. S. publications, the female pa1·ent is always 
written first. 

The actual choosing of a name is a highly personal thing 
and the breeder may, and often does, let his imagination run 
wild. I would suggest that it be short, euphonius, distinctive, 
and one which will appeal to the public. It may be descrip
tive, as 'Snow Lady', 'Pink Pearl,' 'Blue Jay'. It may com
memorate a location as 'Olympic Lady', 'Bulstrode Park', or 
a person as 'John Wister', 'Aunt Martha', or an event as 
'Armistice Day'. Other names may be chosen for a variety of 
rea8ons, as 'Jock', 'Unique', or 'Little Gem'. 

A good name may have a great deal to do with the com
me1·cial succe88 of a variety. I have often heard it said that 
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the name 'Pink Pearl' has been an important factor in the con
tinued popularity of that variety·. 

Registration. At the time t.he Code was adopted, provi
sion was made for setting up a system of registration. Over 20 in
stitutions and organizations have been designated as Registratio11 
Authorities, some in the U.S.A., some in G1·eat Britain, and some 
in continental Europe. Check-lists, including all known names 
have been published fo1· most important groups of ornamen
tal plants. Breeders should contact the Registrar fo1· thei1· 
particular plant interest and work with him. 

MODERATOR BROWN: Thank you, Dr. Clarke. Our next 
speaker has been chairman of the 01·namental Horticultu1·e 
Dept. at Califo1·nia Polytechnic College, Pomona, since 1946. 
He is going to speak on t.he topic of facilities for teaching 
plant propagatio11. It is my pleasu1·e to present Olive1· (,Jolly) 
Batchelle1·: 

FACILITIES NECESSARY FOR TEACHING PROPAGATION 

0. A. BATCHELLER 
01·na1nental H 01·ticultu1·e Depa1·tme11,t 
Calif 01·nia State Polytechnic College 

Pomona, Califo1·nia 

I feel highly flattered that the program committee felt I 
was able to come up with a magic formula fo1· ''Facilities 
Necessary for Teaching P1·opagation'' at the high school and 
junior college level. 

It is pleasing to many of us to see this new interest in the 
horticultural field at this level. Not only is horticultu1·e an 
ancient and honorable profession, but liome gardening is the 
number one hobby in the United States. Nearly all individu
als at one time or another will be concerned with the gardens 
around their homes. 

Propagation is the heart of any horticultural program, 
but as the various phases of propagation involve nearly all of a 
horticultural unit, I am broadening my presentation to include the 
overall layout of an Ornamental Horticultural Unit. This will 
include the following: an enclosed area for the unit and for 
growing plants, the greenhouse and headhouse combination, 
the classroom and a shade or lathhouse area. I will limit my 
presentation to the facilities that should be planned for a new 
school ground, rather than attempt to suggest how an exist
ing school ground should be made over. Unfortunately, I have 
not had the opportunity to visit any of the new horticultural 
programs here in the Northwest, and will have to base my re
marks on the programs that I have observed in Southern Cali
fornia. 

I would like to say at the outset that unless there is an 
intelligent, well-trained, enthusiastic teache1· for the program, 
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188 



all the facilities in the world ,viii not make the p1·og1·am a suc
cess. 

The fi1·st and most in1portant facility is to have an area 
of g1·ound set aside pa1·ticula1·ly fo1· horticulture. This should 
be good agricultural soil and should be well-d1·ained with nec
essary walks and 1·oads. I,t should be fenced off from the 
rest of the school area so that only authorized persons will be 
able to ente1·. Most schools that I am familiar with have this 
as a pa1·t of the school g1·ounds itself, although in a few in
stances this has been a separate piece of ground some distance 
f1·om the main school g1·ounds. An acre of ground is normal, 
although I have seen some large1·, and a few smaller. I will dis
cuss the ar1·angement and use of this area later. 

The second most important facility is the g1·eenhouse and 
headhouse combination. Certainly he1·e in the Northwest, 
with the long periods of inclement weather, these two struc
tures must be considered as one unit. The greenhot1se should 
be a minimum of 20 feet wide by 40 feet long. It should be 
equipped with wide doors, wide cement ,valks that are crown
ed and finished with a broom finish rather than smooth 
troweled. The unit sl1ould be equipped with automatic con
trols for both heat and ventilation, and if the summer months 
have ext1·eme heat conditions, I would recommend ''pad and 
fan'' cooling. I would recommend that the heating system be 
of the hot wate1· type. Hot ai1· types may be satisfactory for 
ve1·y mild climates, but fo1· p1·olonged cold periods they do not 
p1·ovide as satisfacto1·y 1·esults. Some school units a1·e heated 
by steam, but fo1· a small g1·e,enhouse such as this, the high up
keep of the steam unit, plus the dange1· of live steam with 
students, make the use of steam questionable. 

Cedar or 1·edwood should be used in the construction, and 
although these woods a1·e rot-resisting, it usually is desirable 
to treat them with preservative or paint before constrt1ction 
as well as afte1· the g1·eenhouse is completed. The widths of 
the benches should be such that the plants and materials can 
be easily reached, and the height of the benches should be 
about 29 inches. Great strides have been made in the manu
facture of plastics as a substitute fo1· glass, and I would rec
ommend the use of the clea1· or translucent solid material. I 
would not 1·ecommend the use of the flexible polyethylene 
sheeting, as it is short-lived and has little resistance to wind. 

A part of one bench should be equipped with an automatic 
mist propagation system. I would recommend that this be a 
timed interval control with a cycle of 12-15 minutes, the mist
ing period should be a minimum of 15 seconds. The system 
should be connected to a day and night clock with adjustments 
for the hou1·s of opera'cion. The heads 01· nozzles should be 
sp1·ing loaded so that water is passed only with positive pres
sure. The system should have p1·ope1· sc1·eens that may be 
easily cleaned, and the system should be of plastic pipe beyond 
the solenoid cont1·ol. This will mate1·ially reduce stoppage of 
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the nozzles and make fo1· better operation. If heat cannot be 
trapped beneath the bench fo1· proper temperature, an e·lectric 
heating cable may be used with a sand bed covering. 

Drainage is of g1·eat importance in the greenhouse, and if 
the soil is slow in taking up the excess water, additional 
drainage must be provided. It generally helps to have the 
area unde1· the benches covered with coa1·se gravel. 

Co1·rosion in the g1·eenhouse is a big problem, and all fix
tures must be of a mate1·ial 01· g1·ade that will withstand high 
humidity, tempe1·ature changes, and the p1·esence of chemi
cals. Although there is nothing pa1·ticularly difficult about 
the const1·uction of a greenhouse, most institutions contract 
fo1· thei1· building. Care must be taken that the heating 
unit is adequate to maintain the p1·ope1· temperatu1·es despite 
the weather conditions. Even though night classes are not 
contemplated, I would suggest that proper lighting be provid
ed for the greenhouse and that weather-proof outlets be pro
vided at intervals in the st1·ucture. The use of the structure 
for adult education or for ''Open House Displays'' are a possi
bility for which you must provide. 

Nearly as important as the greenhouse is the headhouse. 
This is the area in which most of the work will be done, and 
for this reason it should be conveniently arranged, well-light
ed with windows and supplementary electrical lights, and be 
properly heated. I would suggest that the building be at 
least 20 feet by 60 feet, that it have a cement slab floor. It 
should eithe1· connect directly to the greenhouse or it should 
connect to the greenhouse by means of a glass-covered pas
sageway. One door should be large enough so that truck de
live1·ies of soils, mate1·ials and supplies can be handled. The 
benches should be metal cove1·ed, and one portion of the build
ing must be partitioned off to p1·ovide for proper locked stor
age of tools, equipment and extra supplies. The space under 
the benches provides for adequate sto1·age for some soil and 
soil additives and fo1· pots and containers most frequently 
used. A few shallow cupboards ove1· one bench will be found 
ve1·y handy fo1· small items frequently used. There should 
be one large sink with e,asily cleaned traps, and there should 
be at least two hose connections for moistening soil and water
ing plants. A portable blackboard will be found most con
venient. Safety regulations will no1·mally require that gaso
line-powered equipment be stored outside of the building. 

The use of cold frames or· hotbeds do provide additional 
propagation area and a1·e not expensive to construct. If the 
school has a shop class in ca1·pentry, these can make a very de
sirable project. Such f1·ames will materially increase the 
propagation area and for certain materials they will be most 
satisfactory. They also allows overflow space for students 
with special p1·oj ects. 

If at all possible, I would suggest that a separate class-
1·oom be constructed within the 01·namental Ho1·ticultural 
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a1·ea. 'l'his is the plan that has been adopted by the 1,os An
geles City School System and has proven to be most desirable. 
First, it gives a permanent home to the program and allows 
for the permanent display of horticultural information with
out dist1·acting other classes. Many of the Los Angeles schools 
have special collections of books and reading mate1·ials in an 
open-type lib1·a1·y that are readily available to the students. 
These buildings are all equipped with wash1·oom and toilet 
facilities and, in addition, have an office for the instructors. 
I do not feel it is necessary to discuss further the1 features o•f 
the classroom othe1· than to mention that a 1·aised lectu1·e table 
with sink and running water is most desi1·able. 

The lath or shade house should be 30 feet by 30 feet, and 
fo1· the N 01-thwest I am sure that a wooden structu1·e would 
be most satisfacto1·y. In Southern Califo1·nia, whe1·e we are 
not bothe1·ed by slee•t 01· snow, we find the use of Saran plas
tic makes the most satisfactory shade and permits much easier 
construction. I would suggest that the lathhouse be equipped 
with an ove1·head wate1·ing system-Rainbi1·d or the like - to 
take ca1·e of summe1· watering. Some schools that I know even 
have the SJ'stem set up on a time clock so that most of the 
summe1· wate1·ing is take,n ca1·e of automatically. 

One fu1·ther word about the ground in the enclosed a1·ea. 
In addition to the walks and 1·oad, it should be provided with 
adequate wate1· fauce,ts, so spaced that all areas may be easily 
1·eached with one section of hose. Most of the area should be 
divided into plots which will be used by the individual students 
fo1· growing their plants and the balance should be planted 
with mate1·ials useft1l fo1· inst1·uction. The choice of this ma
te1·ial would have to be made on the basis of what is most 
beneficial fo1· the instructional p1·ogram in the a1·ea. It would 
be impossible for any school on such a small plot of ground to 
grow all of the plant mate1·ial necessa1·y for inst1·uction. For 
this reason I suggest that the inst1·ucto1· wo1·k closely \vith the 
grounds maintenance department so that full use of the plants 
grown on the institutional grounds can be made. This type of 
coope1·ation can and has been used in many cases. The students 
use the grounds fo1· their laborato1·y and in tu1·n, the students 
often grow mate1·ial that will reduce the operation bt1dget. 

It should be mentioned he1·e that plant materials grown 
by the department become a very acceptable means of com
municating with the administration and othe1· departments. 
Flowe1·s and co1·sages for special functions and plants for the 
offices do a lot in c1·eating good will. The quality of the ma
te1·ials grown should be such that surpluses should find ready 
ma1·ket with the local nu1·se1·ies, eithe•r as sales or exchange for 
needed mate1·ials. 

MODERATOR BROWN: I think at this time we could enter
tain questions. Pe1·haps we should sta1·t with this last panel. 
Does anyone have a question? Yes, Brian Gage. 

BRIAN GAGE: Dr. Clarke, if you want to take the name, 
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'Pearl', that is now applied to a 1·hododend1·on, could you t1se 
that same name for a rose? 

DR. CLARKE: No ob.iection to that. In fact, one of the 
best places to find rhododendron names is to look over the list 
of iris names. 

RALPH JACK: Anothe1· question for Dr. Cla1·ke. One of 
the large southern nurseries has an R within a circle, for 
some plant name like 'Scotch and Soda'. Now if we buy such 
plants from them and propagate it by cuttings do we still use 
that name with a little R in it, as 'Scotch and Soda', or do we 
have to pay them something, or what is the deal? 

MODERATOR BROWN: The question here is on the use of 
copy1·ighted names - a regis.te1·ed trademark name. Dr. 
Clarke, would you answer this? 

DR. CLARKE: I think the best example of this is the 'Gol
den Delicious'. I understand that name is registered and copy
righted, while 'Yellow Delicious' can be used most anywhere. 

RALPH MOORE: The use of 'Sunkist' as the name of a 
rose can be done by getting the permission of the Sunkist 
Citrus Growers. 

MODERATOR BROWN: I have one that I want to call at
tention to; that is, this morning one of ou1· speakers wonder
ed why Four Winds Growers would go to the trouble of using 
rubber bands from a stationery store to w1·ap their citrus 
grafts when he w1·apped his grafts with 1·egular budding rub
bers. Don, wot1ld you or Fred answer that? 

DON DILLON: As far as I know the rubbe1· bands work 
well. They don't have to be held flat. They can be tt1rned 
over and I haven't really checked the price but we think the 
rubber band is a pretty cheap item. 

VOICE: This is a question on the program as a whole. I 
wonder if it would be feasible at all to arrange for a Verifax 
or some other copying machine so that if there was a particu
lar five-page speech we wanted we could copy it for 2 bits a 
page, or so. We could crank one out and take copies with us 

or would the editors object to this? 
MODERATOR BROWN: How about that Hudson? Would 

there be a possibility of having a copy machine, so we could 
take this info1·mation home and use it while we are still think
ing about it, instead of waiting until the P1·oceedings come 
out? 

HUDSON HARTMANN: This is a decision that would have 
to be made by the International Board of Di1·ectors. If the 
decision was to invest in 01· 1·ent such a copier and make copies 
right here and now, I am su1·e it would be possible to do so. 

RALPH PINK US : We had a trade show in Dallas last Jan
uary and the Xe1·ox people loaned us a machine and gave us 
all of the paper \Ve could use and invited eve1·yone to bring 
their pape1·s to copy. Eve1·ybody could have copies of all the 
papers to take with them. They loaned it to us free and we 
1·an off 900 sheets. 
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MODERATOR BROWN: A good suggestion. A complimen
tary gesture from the Xerox Co. Perhaps we could have our 
Fresno program chai1·man next year contact some of these 
outfits and see if they would be interested. Certainly they do 
go all out for advertising their product. 

DON DILLON: I am wondering if Mr. Walters is here, 
and if he can tell us where the plastic ''planting bullets'' he 
spoke of this morning are available? 

MODERATOR BROWN: Bill Curtis, could you make a com
ment conce1·ning the plastic ''bullets''? 

BILL CURTIS: I talked with Mr. Walters and he gave me 
the name of the concern here that manufactures the ''bullets''. 
I called them on the phone and they are going to b1·ing us a 
sample of the plastic bullets before the eve,ning is over. 

MODERATOR BROWN: Thank you Bill. This is very quick 
• se1·v1ce. 
BRIAN GAGE: J. would like to ask a questio11 on plant 

names. We often see a single ''i'' or a double ''i'' at the end 
of a person's na.me, used as part of a plant name. Is it cor-
1·ect to use one ''i'' or t,vo ''i's''? 

DR. CLARKE: Well, that is for a latin ending and it 
shouldn't be used for cultivar names. For a species name it 
has been our practice to follow what is in the RHS Rhododen
dron Handbook and, in most cases, they use two ''i's''. This is 
really from the botanists; whatever they give us I am willing 
to use. But I wouldn't eliminate one ''i'' just because I can't 
see the reason for it. That is the name that has been given 
to the species and you should use it although it may not al
ways be pronounced. 

MODERATOR BROWN: I believe ou1· new manual in Cali
fornia on nome·nclatu1·e has used the two ''i's'' for all names. 

MR. WILSON: We have a problem in late or early spring 
with green algae. It builds up to about l/4 inch deep in our 
flats. Has anyone had this problem and how do you get rid 
of it? 

MODERATOR BROWN: I ,vill entertain an answer from 
any of you. A problem in the sp1·ing with g1·een algae develop
ing to quite a depth over flats - flats of cuttings under mist, 
probably. 

BILL CURTIS: There are two materials you can use. One 
is ''Purispray'' or ''Pt11·atized Agriculture Spray''. You use 
one tablespoon of either to a gallon of water. The only thing 
I have used it on is mugho pine; it didn't hurt them but it kill
ed a growth of liverworts. Another material which is common 
in the trade is ''Knoxmoss''. It is a powder. I have also used 
this on mugho pine. It is used at two ounces pe1· gallon; we 
put on both of these materials with a knapsack sprayer. We 
drenched them even in full sun and it did not hurt the plants 
at all. It is best, though, to try such sprays at first only on a 
few plants rathe1· than kill the whole crop. 
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MODERATOR BROWN: I would like 1,o say that g1·een algae 
or moss is sometimes a problem along concrete walks, where 
it does present 1°eal hazards for somebody slipping and fall
ing. A very good material for removing it is Sani-Flush, and 
then spraying afterwards with copper naphthenate, which will 
prevent it from coming back. 

DUANE SHERWOOD: There a1·e some of the Puratized types 
agricultural sprays that have not been released for edible 
crops; there have been serious illnesses in humans where this 
has been used. 

BRUCE BRIGGS: In the winte1· we ran tests with ''Puri
spray'' on azaleas in the lathhouse and our results, where it 
didn't give plant injury, was poor. This was in a lathhouse 
and in a plastic house. I am curious about ''Knoxmoss''; is 
that an iron product? 

VOICE: Yes. 
BRUCE BRIGGS: Well, we ran tests with such iro11 products 

and they give control if you can get a level which will not al
so give plant in.jury. It will kill moss and other algae, but you 
also get injury if you use too much. 

CHARLES PFEIFER: The azalea growers in the Seattle 
area use copper sulfa'ce. It is metered into the water every 
time they irrigate. I will have to find out what the concentra
tion is, but every time they water they use copper sulfate. This 
keeps the moss off the stems but there will still be some on the 
pots, but at least the moss is not on the stem of the azalea 
plants. 

RALPH MOORE: Two years ago we had quite a serious 
p1·oblem in a new plastic house du1·ing the winter with moss 
and algae on plants. The material was grown in a sand-peat 
mix for growing miniature 1·oses; the difficulty stemmed from 
the fact that the house was probably a little too tight; we also 
get a great deal of winte1· fog in central California and the 
outside air was saturated. The fan pulled this cold moist air 
in from the outside to give us a high level of moisture. A lot 
of algae and moss built up on these flats of roses, prodt1cing 
other molds and rots. One day I got the idea to tilt each flat 
along an edge so as to let it set on the edge of the next flat. 
That is the way we have been doing in this particular house 
ever since ; this lets excess moisture out one end and we 
haven't had any trouble since. 

MODERATOR BROWN: This sounds like a very simple so-
lution. Just tilting the flat, and getting 1·id of the excess 
water, eliminates the g1·owth of the algae. 

BERNARD DOUGLAS: Dr. Kelley menioned that high nitro
gen content of tissues of broad-leaved everg1·eens cuttings in
hibited rooting; I wonder if that situation would apply to the 
coniferous species in rooting. 

MODERATOR BROWN: I would say - yes, the carbohy
drate/nitrogen relationship is as impo1·tant too with conifers, 
particularly in milder climates, as it is with the broad-leaf 
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evergreen materials. Here again, when we say a low concen
tration of nitrogen, we don't mean absolutely nothing. A low 
to moderate concentration of nitrogen and a relatively high 
concentration of carbohydrates would probably give the best 
rooting. 

DUANE SHERWOOD: Some of the blueberries are very dif
ficult to root; they often root best in straight sawdust. Per
haps this carbohydrate/nitrogen balance may be increased by 
lowering the nitrogen level in the cutting due to the competi
tive action of the sawdust for the nitrogen. 

FRED REAL: We didn't know we were doing this but 
when we rooted our citrus rootstock cuttings in straight saw
dust we got so many roots we couldn't take the cuttings apart. 
That is why we gave it up and started the rooting in vermi
culite. 

VOICE: Was this fresh sawdust or old sawdust? 
FRED REAL: Either. It was redwood sawdust. 
VOICE: I would like to make a comment on Douglas fir 

sawdust. If you get old material you may have some real 
serious problems. Don't use black Douglas fir sawdust. 
Fresh sawdust is far better. 

VICE-PRESIDENT TICKNOR: Before we close, be su1·e to 
tu1·n in your critique sheets or mail them to the Secretary
T1·easurer. We thank you very much for being a good audi
ence and we thank all those who have participated in the prog
ram this year. Thank you. 



the mailing. The· b1·eakown \Vas 100 from Commercial mem
be1·s and 64 from Non-commercial and Juniors. In the returns 
we had 46 papers offered for the meeting; 36 kind people of
fe1·ed to be moderators; and 6 offered to have some type of an 
exhibit. This is a response that is very heart wa1·ming - and 
almost unbelievable. As a consequence we have 1·ep1·esented 
at this meeting, 24 states, 3 Canadians and one pape1· from Eng
land. The 46 participants at this meeting include 24 Non-Com
me1·cial, 19 Commercial and 3 Junior and 1 guest. Because of 
the afo1·e-mentioned data, the program was 98% completed by 
April 30, 1967. My deep and heartfelt thanks to everyone who 
macle my 1·esponsibility fo1· this meeting a _joy. 

Now to get ot1r 17th annual meeting underway, it is with 
a g1·eat deal of pleasu1·e that I introduce the first moderator of 
our program this year. The1·e is no-one bette1· qualified to 
moderate a Seedage Symposium than Hugh Steavenson, Fo1·
rest Kee-ling Nu1·sery, Elsberry., Missouri. Hugh is a Past -
President of the Eastern Region and of the Inte1·national Plant 
Propagators' Society. In 1953 I attended my first I.P.P.S. 
meeting as Hugh's guest - no othe1· gentleman in the nurse1·y 
community has given so much to me in guidance, t1ndersta11d
ing and compassion than your firs.t moderator of our 17th 
meeting - I present to you my mentor and dear friend 
Hugh Steavenson ! 

MODERATOR STEAVENSON: As Ralph knows I am here 
substituting for that eminent gentleman and friend of ours, 
Dr. F. L. O'Rourke, Depa1·tment of Horticulture, Colorado 
State University. Unfortunately, Steve is unable, to be he1·e to
day and Ralph has asked me to read his paper. 

SEED PROPAGATION REVIEW 
F. L. STEVE O'ROURKE 

Depa1·tnie1it of H 01·ticultu1·e 
Colo1·ado State Unive1·sity 

Plant propagation from seed is an ancient a1·t. It had its 
beginnings when p1·imitive man first established pe1·manent 
sites and relinquished a 11omadic existence. Throughout the 
ages seed p1·opagation has developed with mankind and in the 
modern wo1·ld is basic to man's need fo1· food and clothing. 

In our time plant propagato1·s a1·e inte1·ested in seed p1·opa
gation for seve1·al primary reasons: 
1. Many homozygous seed strains (pure lines) of various spe
cies of both woody and herbaceous plants come ''true from 
seed'', that is, the seedlings are re·latively uniform and resem
ble their parents in practically all characters. 
2. Plants from hete1·ozygous parents are quite variable non
uniform, and seldom resemble their parents. However, ~e1·tain 
individt1al plants may show st1pe1·io1· 01· desi1·ed characte1·istics. 
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Thus selections may be made and the chosen plant may there
after be propagated vege•tatively as a clone. 
3. Combinations between two pu1·e lines may produce seedlings 
of exceptional quality. An example is ''hyb1·id corn''. 
4. Rootstocks needed as stocks fo1· grafting and budding a1·e 
obtained to a large degree f1·om seed. 
5. Seed, which is relatively light in weight and resistant to in
jury during shipment, is a means of securing new 01· desired 
plants from far-off places. 

P1·opagation by seed has been a matte1· of conce1·n to mem
be1·s of the Inte1·national Plant P1·opagato1·s Society since its 
organization in 1951. The sixteen volume•s of the P1·oceedings, 
1951 to 1966, contain 27 a1·ticles on seeds and seedage. Some of 
these papers a1·e broadly basic and comp1·ehensive, some quite 
narrowly specific, while othe1·s treat of p1·actical measu1·es to 
inst1re economic stands of seedlings. All of the a1·ticles, how
eve1·, have cont1·ibt1ted to a broade1· knowledge and fulle1· t1n
derstanding of seed problems and how to ove1·come them. Any 
enthusiastic prospective plant p1·opagato1· may, by reading 
these articles, obtain a knowledgeable background of the fac
to1·s involved and learn how practical plant propagators effec
tively and economically produce plants from seed. 

The physiology and basic underlying causes of germina
tion problems have been adequately discussed in the Proceed
ings by Barton 1956 and 1958, Bergh 1960, Heit 1964, Kester 
1960, and Reisch 1962. The p1·oblems and solutions affecting 
seeds of specific plants have been reported by Barton 1958, 
Fennichia 1966, Fordham 1960, Galle 1953. Kern 1952, Mitiska 
1954, Morey 1960, Nordine 1952, Stuke 1960, and Warner 1954. 
Nursery operations and practical propaga.tion procedures with 
seeds of conifers and deciduous woody p1ants have been thor
oughly explained by Fordham 1962, Holmason 1963, Pinney 
1957, 1962, 1964, Schneider 1960, Steavenson 1959, 1960, Stout
emyer 1960. Strong 1951, and Vuyk 1956, 1961. 

Heit, 1966-67, a in a series of articles in the American 
Nurseryman, has emphasized the wide variation in germination 
and subsequent seedling pe1·formance among seeds from vari
ous geographical races ( ecotypes) within the established range 
of a species. Scots pine is a notable example. Thus the response 
from one lot of seeds may be quite unlike another lot from the 
same species. Each lot should be specifically tested 11nde1· 
laboratory conditions before planting in 01·der that the propa
gators may know how thickly to sow to achieve the desired 
density in the seed bed. 

The most perplexing problem affecting p1·actical plant 
propagators in the tempe1·ate zone is ''delayed germination'' 
which may be caused by ''inte1·nal dormancy'' (rest period), a 
hard seed coat, an underdeveloped emb1·yo, biochemical inhibitory 
substance within the seed, 01· the need of certain temperature, 
moisture, 01· light conditions to initiate the germiniation pro
cess. 



Delayed do1·mancy of seed is a survival facto1· which has 
been developed unde1· natural conditions of the environment. 
If seeds which normally 1·ipen in the fall would gern1inate im
mediately the result.ing seedlings would be killed by cold. Thus 
the seeds of many of these species are inte1·nally dormant when 
the f1·uit is 1·ipe and must be ''after-ripened'' by ''st1·atifica
tion'' in a cool moist envi1·onment for a period of one to fou1· 
months depending upon the particula1· seed strain involved. 
Under natu1·al conditions internal do1·mancy keeps the seed 
from ge1·minating du1·ing the late fall and ea1·ly winter and the 
winte1· cold or e-xte1·nal do1·mancy p1·events it from ge1·minat
ing until the wa1·m moist days of sp1·ing have ar1·ived. 

The seeds of some plants a1·e ''clouble do1·mant''. These a1·e 
often termed ''two-yea1· seeds'' because a cold pe1·iod (fi1·st win-
1i:e1·) is needed to stimulate the 1·adical (1·oot) to eme1·ge, a wa1·m 
period (fi1·st summe1·) to allow 1·oot g1·owth, anothe1· cold pe1·
iod (second winter) to ''after-ripen'' 01· stimulate the epicotyl 
(stem) into g1·owth, and a subsequent warm pe1·iod (second 
summe1·) fo1· the shoot to eme1·ge above g1·0L111d a11d develop the 
ne,v plant. Each species 01· even individL1al seed strains with
in the species follow somewhat diffe1·ent patterns as indicated 
by the pape1·s presented in past volumes of the Proceedings. 

When t.he plant propagato1· knows the particula1· conditions 
unde1· which each seed lot may best be afte1·-1·ipened he may 
''st1·atify'' the seeds by mixing them with two 01· three times 
their volume of moist, but not iuet, sand, peat, sawdust 01· other 
moistu1·e-holding material. Polyethylene bags are usually used 
for containe1·s. These may be placed in sto1·age, usual!.)' from 
32°F to 50°F (optimum 41 °F) for a period ranging from 30 to 
120 days depending upon the pa1·ticula1· 1·eqt1i1·ement of the 
species 01· seed strain. The moisture content of the medium 
should be checked at intervals. If too dry, the seeds will not 
after-1·ipen, if too wet, molds will kill the seeds. 

Hard seed coats impermeable to ,vater and air, occu1· in 
many species, notably with legumes. Under natural conditions 
in the soil the seed coats break down g1·adually due to bacterial 
and mic1·obial action and thus may ge1·minate over a period 
of years. This again is an i11stance of a survival facto1· for the 
species as some yea1·s may be more favorable fo1· germination 
and pla.nt growth than othe1· years. 

Immediate germination of these ha1·d-coated seeds may 
usually be secured by ''scarification'', the term applied to the 
partial breakdown of the seed coat by either chemical or me
chanical means. Immersion in concentrated sulfuric acid for 
periods ranging from 5 minutes to over an hou1·, depending 
upon the type of seed, is a common practice to insure prompt 
germination. Mechanical methods of sca1·ification range all 
the way from nicking the seed with a file or rubbing on sand
paper, to la.rge concrete mixe1· types of machines equipped with 
e1·osive surfaces. 
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The thickness and r·elative r·esistance of the seed coat to 
erosion dete1·mines the time and degree of force to be exerted. 
Embryos may be in.iured if eithe1· the chemical or mechanical 
processes of scarification are carried on for too long a period. 

The temperature and moisture requirements most favor
able for the development of emb1·yos which are immature at 
the time of seed ripening varies with the species but a.pparent
ly proceeds well at temperature from 40°F to 50°F. The time 
period also varies with the species bt1t usually requires a year 
of mo1·e. Thus seeds of hollies may be termed ''double dor
mant'' from an entirely different cause than that of other two
year seeds. 

Some seeds are ''light sensitive''. These must have light 
in some deg1·ee to initiate germination, but the intensity and 
the duration of the light varies widely among the species in
volved. Other seeds germinate well only in total darkness. 

Seeds of other· species may 1·emain dormant due to a com
bination of factors. Thus a seed may have a hard seed coat, a 
need for after-1·ipening, and pe1·haps an immatt1re emb1·yo as 
well. The propagator· therefo1·e must 1·esort to several treat
ments in prope1· sequence to obtain maximum ge1·mination. 

''Secondary do1·mancy'' is another disturbing condition 
which often confr·onts the propagator·. Even after· all the af
ter-1·ipening requi1·ements of a seed have been satisfied and the 
germinative p1·ocess has sta1·ted, a sudden lack of moisture, 
oxygen, or even light may cause it to 1·etu1·n to a state of deep 
dormancy. This secondar·y dorma11cy can only be broken by 
another· series of after-1·ipe,ning treatments which means that 
another year must pass until the seed is again 1·eady to ger
minate. 

Apparently all the factors of internal dormancy and other 
influences that affect germination are controlled by the gen
etic structure of the plants which produce the seed. Different 
geographical races 01· even diffe1·ent individual trees, within 
the same species, may produce seeds with different pregermin
ation requirements. Each seed sou1·ce must be investigated so that 
the propagator may determine the optimum treatments for the 
particular lot of seed. 

After the pregermination requirements have been satis
fied a favorable combina.tion of optimum temperature for the 
species, adequa.te moisture, and a goodly supply of air should 
provide the conditior1s for satisfactory germination and subse
quent seedling growth. The optimum temperature will vary 
with the species. Most warm a1·ea plants germinate better at 
a relatively high temperature, more no1·thern plants at a cooler 
one. Some plants ge1·minate best in total darkness, others in 
varying degrees of light intensity. Both water and oxygen are 
needed in adequate quantities, so the seeding medium should 
be both retentive of moisture and highly aerated. 

When seeds are sown in the greenhouse or cold frame, 
coarsely sh1·edded sphagnum moss will provide the best me-
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dium fo1· the seeds of most woody plants as all the facto1·s fo1· 
germination and growth can be definitely controlled. Seedlings 
may be held in ''living storage'' in sphagnum moss for long 
pe1·iods without harm. In addition the anti-biotic qualities of 
sphagnum moss will prevent infection by ft1ngus diseases. 

Sterile substances such as vermiculite, arcillite, or pe1·lite 
have value as media for seeds which germinate rather quickly 
and are transplanted soon thereafter. The seed may be treated 
with a fungicide before sowing as a precaution against dis
eases which may be carried in 01· on the seed coat. 

Soil should not be used indoors but is necessa1·y fo1· large 
lots of seeds out of doo1·s. A good soil fo1· sowing seed should 
be light in texture, well d1·ained, well ae1·ated, and contain a 
fai1· degree of organic matter to p1·event 1·apid loss of moisture. 
Treatment with steam or chemicals to control weeds, nema
todes. insects, and diseases is impo1·tant before the seed is sown. 

Since seeds va1·y so widely in thei1· p1·egermination and 
ge1·mination 1·equirements, the need for accurate obse1·vation 
and 1·esearch with each particular species or seed st1·ain is evi
dent. Every plant p1·opagator can assi~.t in this endeavor. Ac
ct11·ate 1·ecords of every operation and environmental facto1· 
should be kept and 1·eported the1·eafte1· in the Proceedings 01· 
quarterly journal of the International Plant Propagators So
ciety. Thus, bit by bit, the information will acc1·ue so that the 
plant propagato1· of futu1·e yea1·s may be the 1·ecipient of more 
definite and detailed instructions for each type of seed than is 
available at present. 

MODERATOR STEAVENSON: Befo1·e we have any discussion 
we will hea1· our next pape1· presented by anothe1· old friend of 
the Society, Mr. Al Fordham of the A1·nold A1·boretum. 

HASTENING GERMINATION OF SOME WOODY PLANT SEEDS 
WITH IMPERMEABLE SEED COATS 

ALFRED J. FORDHAM 
Arnold Arbor·etilm 

Jamaica Plain, Massachusett:; 
Ge1·mination of many seeds is hinde1·ed only by seed coats 

that retard the admission of water. If these impervious coats 
are not modified by pretreatment, germination can be erratic 
and sometimes extended over many years. Th1·ee hundred 
seeds of Gymnocladus dioicus, the Kentucky coffee t1·ee, were 
placed in a tray of wate1· in Ap1·il 1963 and since that time 
have been kept at 1·oom tempe1·ature. Each week the seeds 
were examined, those which had germinated we1·e removed, 
and the 1·esults reco1·ded. In the first 10 days, 13 seeds imbibed 
\vater and the produced radicles. These, no doubt, had fissures in 
their seed coats at the outset. Twenty-one months later, in 
Janua1·y 1965, three mo1·e imbibed water and germinated. The 
following table shows ho\v many mo1·e have done so since that 
time: 
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dium fo1· the seeds of most woody plants as all the facto1·s fo1· 
germination and growth can be definitely controlled. Seedlings 
may be held in ''living storage'' in sphagnum moss for long 
pe1·iods without harm. In addition the anti-biotic qualities of 
sphagnum moss will prevent infection by ft1ngus diseases. 

Sterile substances such as vermiculite, arcillite, or pe1·lite 
have value as media for seeds which germinate rather quickly 
and are transplanted soon thereafter. The seed may be treated 
with a fungicide before sowing as a precaution against dis
eases which may be carried in 01· on the seed coat. 

Soil should not be used indoors but is necessa1·y fo1· large 
lots of seeds out of doo1·s. A good soil fo1· sowing seed should 
be light in texture, well d1·ained, well ae1·ated, and contain a 
fai1· degree of organic matter to p1·event 1·apid loss of moisture. 
Treatment with steam or chemicals to control weeds, nema
todes. insects, and diseases is impo1·tant before the seed is sown. 

Since seeds va1·y so widely in thei1· p1·egermination and 
ge1·mination 1·equirements, the need for accurate obse1·vation 
and 1·esearch with each particular species or seed st1·ain is evi
dent. Every plant p1·opagator can assi~.t in this endeavor. Ac
ct11·ate 1·ecords of every operation and environmental facto1· 
should be kept and 1·eported the1·eafte1· in the Proceedings 01· 
quarterly journal of the International Plant Propagators So
ciety. Thus, bit by bit, the information will acc1·ue so that the 
plant propagato1· of futu1·e yea1·s may be the 1·ecipient of more 
definite and detailed instructions for each type of seed than is 
available at present. 

MODERATOR STEAVENSON: Befo1·e we have any discussion 
we will hea1· our next pape1· presented by anothe1· old friend of 
the Society, Mr. Al Fordham of the A1·nold A1·boretum. 

HASTENING GERMINATION OF SOME WOODY PLANT SEEDS 
WITH IMPERMEABLE SEED COATS 

ALFRED J. FORDHAM 
Arnold Arbor·etilm 

Jamaica Plain, Massachusett:; 
Ge1·mination of many seeds is hinde1·ed only by seed coats 

that retard the admission of water. If these impervious coats 
are not modified by pretreatment, germination can be erratic 
and sometimes extended over many years. Th1·ee hundred 
seeds of Gymnocladus dioicus, the Kentucky coffee t1·ee, were 
placed in a tray of wate1· in Ap1·il 1963 and since that time 
have been kept at 1·oom tempe1·ature. Each week the seeds 
were examined, those which had germinated we1·e removed, 
and the 1·esults reco1·ded. In the first 10 days, 13 seeds imbibed 
\vater and the produced radicles. These, no doubt, had fissures in 
their seed coats at the outset. Twenty-one months later, in 
Janua1·y 1965, three mo1·e imbibed water and germinated. The 
following table shows ho\v many mo1·e have done so since that 
time: 
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Yea1· 
1963 
1964 
1965 
1966 
1967 

Numbe1· germinated 
13 

0 
4 
4 
5 

Total 26 ge1·minated since 1968 

In four years and seven months abot1t 8% of the seeds imbibed 
water and germinated. Large seeds such as those of Kentucky 
coffee tree can be perforated by holding them be'cween the fin
ge1·s and st1·oking them several times along the edge of a three 
-corne1·ed file placed on a bench. Complete germination can 
then be expected in about a week. 

In December 1963, 1000 seeds of Gleditsia t1·iacaritlio.'!, the 
honey locust. were subme1·ged in water under similar condi
tions to record ge1·mination. The following table shows how 
many have done so since that time: 

Yea1· 
1963 
1964 
1965 
1966 
1967 

N umbe1· ge1·minated 
20 
16 

8 
19 
22 

1'otal 85 ge1·minated since 1968 

111 fot11· yea1·s about 8% of the seeds have germinated. A com
plete stand of seedlings appeared in about ten days after the 
seeds were steeped in concentrated sulfuric acid for 21/2 hours. 
Comparative tests, shown in the following table, proved this to 
be an optimum t1·eatment: 

Treatment 
Control, sown without pretreatment 
Steeped in hot wate1· (190°F.) 
Steeped in sulfuric acid for 11/2 hours 
Steeped in sulfuric acid for 21/2 hou1·s 

% Germination 
5 

29 
62 
98 

As it now appea1·s, the tests with Kentucky coffee t1·ee and 
honey locust can go on indefinitely, possibly for decades. 

Many legumes and some other seeds that are inhibited on
ly by water-tight protective seed coats are relatively easy to 
p1·epare fo1· germination. Abrasion, perfo1·ation, 01· modifica
tion of the seed coat with ho'c water 01· sulfuric acid is t1sually 
all that is necessa1·y. When such seeds reach full development 
on the plant, the coats, which will provide protection for the 
contents, undergo changes in st1·ucture. They diminish in size 
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and weight and develop hard, water-impermeable seed coats. 
Seeds of Labu1·num wate1·e1·i, the Waterer laburnum, were 

collected on July 21, 1965. At this time the pods were soft and 
the seed coat only a thin green membrane. To test whether or 
not a barrier to germination existed at this stage, the seeds 
were divided into two lots and processed immediately. Seeds 
of Lot #1 were sown without pretreatment while the coats of 
those in Lot #2 were punctured with a needle. In five days, 
each lot germinated uniformly. There was no appreciable dif
ference in percentage, for at this stage the seed coats were wat
er-permeable. Dry seeds of L. ·lvate1·eri, however, are an entire
ly different matte1·. In a series of trials, dry seeds required a 
two hour steep in concentrated sulfuric acid to obtain the op
timum germination. 

Labu1·num alpinum, Scotch Laburnum, seeds were collected 
in October 1963 and kept in dry storage until June 1965. The 
seeds were divided into fou1· lots. An accounting 23 days later 
showed the following results: 

Treatment 
Control sown without treatment 
Hot water treatment 
Sulfuric acid fo1· one hour 
Sulfuric acid for two hours 

% Germination 
0 

18 
29 
68 

Although the highest percentage of ge1·mination was 68 only 
one sound seed remained ungerminated, thereby indicating that 
the balance was not viable. 

Cytisus ::;upinus seeds were 

'l'r·eatment 

provided treatment as follo,vs: 

Control sown without 
Hot water 
One hour of acid 

pretreatment 
o/o Germination 

1 
4 

64 

Germination of Ce1·cis siliquastrum (Judas tree) seeds 
was hindered by impermeable seed coats plus internal condi
tions. Lot #1 was treated with hot water and sown, while Lot 
#2 was provided with hot water treatment followed with 3 
months of cold stratification at 40 degrees. Lot #2 germin
ated uniformly in 22 days while Lot #1 produced only one seed
ling in four months. Seeds of Cercis ca1iadensis (Eastern red
bud), C. chine1isis ( Chinese redbud), C. griffithii, and C. occi
dentalis ( Californian redbud) behave in a similar manne1·, re
quiring a cold treatment after the seed coat has been modified. 

Germination of seeds of Hovenia dulcis. the Japanese Rais
in tree, is inhibited only by extremely hard, water-impervious 
seed coats. Lot #1 was sown without pretreatment while Lot 
#2 was provided with a two hour sulfuric acid treatment. Lot 
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#2 germinated uniformly in 16 days, vvhile the untreated lot 
produced only two seedlings in two months and six seedlings 
after a lapse of nine months. 

Conce1itr·ated sillphuric acid tr·eatment 
Some seeds with coats not responsive to hot wate1· t1·eat

ment can quickly be germinated after a mo1·e drastic measure 
immersion in concentrated sulphuric acid, (H,S0 4 ). This 

highly corrosive substance, when employed for this purpose, 
accomplishes in hours, or portions thereof, a process that could 
1·equire months or years if the seed coats were not treated. 

Sulfuric acid treatment, when dealing with small amounts 
of seeds, consists of placing the dry seeds in a glass container 
and carefully pot1ring acid over them until they a1·e covered. 
Sulf11ric acid is a viscous substance of high surface tension 
which acts superficially on seed coats ,vithout penetration. In 
fact when trials were carried out on an unfamiliar sub.iect sus
pected of having an impermeable seed-coat, periods of acid 
treatment as long as one and one-half hours have been given 
seeds which later proved to be water permeable. Despite such 
mistreatment. however, the seeds were not destroyed but ger
minated when sown. The acid did not have the ability to pene
trate the seed coat. although water did. 

As acid treatment progresses gummy by-products of cor
rosion will fuse the seeds into a cohered mass which must be 
separated from time to time to insure that all seeds are acted 
upon uniformly. Cautious prodding and careful stir1·ing with 
a glass rod will accomplish this. The length of treatment var
ies greatly, depending upon 'che subject, the objective being to 
corrode away sufficient seed coat to permit the ent1·y of water 
without exposing the interior to destruction by the acid. Ob
servations can be made during t1·eatment by 1·emoving a few 
seeds, rinsing them and examining the seed coat to see how 
much of i'c has been eaten away. When treating large batches 
it is advisable to 1·un a few t1·ial lots tc) determine proper tim
ing before processing the main bulk. An important point which 
must be considered when using sulfu1·ic acid is the effect of 
temperature. Higher temperatures ac,::elerate the rate of ac
tion while lower ones reta1·d it. Acid t1·eatments at the Arnold 
Arboretum are usually performed in t.he winter when room 
temperature is maintained at approximately 70° F. 

On completion of the t1·eatment, seeds are placed in a 
sieve and washed thoroughly in running water fo1· several min
utes to remove all the acid. Now they are ready for the next 
step, which involves either immediate sowing or cold stratifi
cation. We do not employ a neutralize1· after the use of acid 
and have never noticed detrimental effects for not having done 
so. 
Pr·ecautions ·tu lie1·i handling sulfu1·ic ac·icl 

Precautions to be taken when handling sulfuric acid can
not be over emphasized. It need not be feared, but should. be 
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handled with the greatest respect, for it becomes safe to t1se 
only when adequate precautions are observed. Each year mil
lions of tons of this highly essential industrial chemical are 
transported about the country in tank-cars and tank-trucks. It 
is used extensively by chemists, i11dustrial workers and students 
and with care others can do the same. 

In our treatments, small though they are, the wo1·kman 
performing the task dons protective equipment consisting of 
glasses, neoprene gloves and an apron. The work is done adja
cent to running water and nearby is a shower that could be 
reached in a few seconds if its use became necessary, for, de
spite precautions, accidents are always possible. To minimize 
the chance of breakage, our supply of acid, in a glass contain
er, is imbedded in a five gallon can of perlite stored in an out
of-the-way location. 

When treatments have been completed, the acid which has 
been used is poured into a glass bottle. In a few days extran
eous substances caused by cor1·osion settle to the bottom and 
the clear acid is then poured off for 1·e-use. 

MODERATOR STEAVENSON: Thank you very much, Al, for 
a very fine presentation which was a fine complement to 
Steve O'Rourke's paper. Now we will open the floor for dis-

• cuss1on. 
VINCE BAILEY: I would like to ask Al if he recommends 

the use of sulfuric acid on Tilia. 
AL FORDHAM : We have not had any experimental work 

with Tilia. However, I believe the Woody Plant Seed Manual 
does recommend the use of sulfuric acid for Tilia. 

VINCE BAILEY: Is that after the removal of the fleshy 
seed coat or before removal? 

AL I FORDHAM: I beleive the p1·ocedure is to first remove 
the fleshy outer coat and then treat the inner seed coat. 

HANS HESS: Has Al used sulfuric acid treatments on 
C er·cis ca1iadenis and on Gymnocladus? 

AL FORDHAM: Yes, I have. With Cm·cis canadenis after 
treating the seed coat with the sulfuric acid it is necessary to 
give the seeds a period of cold stratification. The length of 
the cold treatment varies with the seed source. We also use a 
hot-water treatment to break the seed coat dormancy of Cercis 
canadenis. We pour hot water at about 190° over the seeds 
and they are left to cool overnight. The following day the 
seeds are placed in cold storage. The Gymnocladus seed needs 
a rather long period of sulfuric acid treatment. Actually we 
have not had personal experience with sulfuric acid on Gymno
cladus seed. We have so few seed that we just scarify the coats 
with a file. If you use acid, it would probably take at least 21/2 
hours exposure. 

RALPH SHUGERT: I would like to make a b1·ief comment 
on the hot-water treatment. We have used the hot-water treat
ment for Robi1iia seed and at one of the meetings I gave our 
procedure to a member. He followed the procedure that I had 
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given him and he lost the entire lot of seed. The thing tl1at 
I am trying to bring out here is that it is very important, par
ticularly in the case of Robinia, to know where the seed has 
come from. We expose our seed to th1·ee hot-water treatments 
- one at 140°, the second at 160° and tl1e last at 170°F. This 
works very well on the seed brought in from Europe but, if 
you try this on domestic seed; you will lose all of it. The word 
of caution here is to t1·y the treatment ot1t on a small lot of 
seed before you treat the entire lot. 
, · AL FORDHAM: Our treatment is a little bit diffe1·ent from 

yours. Rathe1· than heati11g up the seeds to a tempe1·ature of 
140, 160 or 170 degrees, we start out with water at about 190° 
and pour it over 'che seeds and then allow it to cool. 

RALPH SHUGERT: That's right. J do the opposite as fa1· 
as treatment in concerned. I put the seeds in water and then 
b1·ing the tempera.ture up to the 140, 160 or 170 degrees F level. 

RALPH SYNNESTVEDT: Al, do you 11se the acid treatment 
for Crataegus Crus-galli? 

AL FORDHAM: Yes, we generally do. The thickness of 
the seed coat varies enormously. There are many species of 
Crataegus and in some cases the seed coat may be as much as 
3/16 of an inch thick. With this type of seed it may require as 
much as 7 or 8 hou1·s of sulft1ric acid t1·eatment. 

JIM WELLS: "\Vhy do you use a hot-water treatment? When 
I brought in a lot of Acer palmatum seed I found that just 
soaking them in cold water was sufficient. If the seeds were 
planted dry even though the soil was moist, germination was 
very poor. However, giving them a cold-water soak stimulat
ed good germination. 

AL FORDHAM: I think we a1·e talking about two diffe1·
ent things here. The hot-water treatment which I described 
is used to modify the seed coat which was impermea.ble to wat-

JIM WELLS: Does the hot water cook the coat? 
AL FORDHAM: No, the hot wate1· modifie,s the seed coat so 

that moist11re will be able to penetrate. Cold water is not ef
fective in modifying the seed coat. 

JOHN ZELENKA: Al, what are your recommendations for 
handling European Mountain Ash seed? 

AL FORDHAM: European Mountain Ash just requires three 
months of cold stratification, if the seeds are fresh. 

AL FERGUSON: Have you tried an3r detergents with your 
hot-water treatment, 

AL FORDHAM : Yes, a few years ago we used wetting 
agents such as Tween 20 and they we1·e of no help at all. With 
some other types of seeds which do not have impermeable seed 
coats such as grass seeds, it is sometimes possible to speed up 
the rate of germination a few days witl1 wetting agents. 

CASE HOOGENDOORN : Do you eve1· t,ry to hold the seeds in 
hot water at a given temperature for a given pe1·iod of time 
and then allow them to cool o·ff? 
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AL FORDHAM: No, we do not do that. Just pour the hot 
water ove,r the seed and allow it to cool. A prolonged period 
of high temperature could be harmful to the seeds. 

MARTIN VAN HOF: Have you tried the scarification t1·eat
ment with the sulfuric acid on My1·ica pen1·i.c;ylva1·1.ica, the Bay
berry. 

AL FORDHAM : The1·e are t,vo p1·oblems with this seed. One 
is the waxy coat. The second is a cold st1·atification require
ment. The wax is removed .iust by putting the seeds in luke
warm water and then the seed is given a three-month period 
of cold st1·atification. Afte1· that the ge1·mination should be 
very good. 

JOERG LEISS: What is the concentration of the sulfuric 
acid which you use? 

AL FORDHAM: I don't recall the specific gra.vity, but we 
use concentrate·d sulfuric acid. I believe it runs about 93 o/,J. 

JIM WELLS: I would like to direct this question to Hugh 
Steavenson. I have read that if the seed bed is maintained at 
a moistu1·e level 95 o/o of field capacity that the seed ger-mina
ion will be ve1·y good. Have you had any experience along 
these lines? 

MODERATOR STEAVENSON: It is essential during the ge1·
minatio11 process of most tree and sh1·ub seeds to have an ade
quate to high level of moisture availability at the seed level. 
It is also essential to have a well aerated medium. The high 
moisture level can be· obtained in a couple of ways. Some nur
series are well set up with irrigation systems and can give fre
quent light applications of water which keeps the soil mois
ture high. The alternative is to use· a mulch. Ho,vever, with 
the mulch system the1·e a1·e some seeds with which it does not 
work. For example we have not been successful with White 
Birch. Perhaps there is a light factor involved. 

AL FORDHAM: I have hea1·d about this light factor with 
Birch but in our experience it has not been a p1·oblem and ,ve 
have tested seed from many, many sources. However, I should 
point out that this is done with small lots under greenhouse 
conditions. 

JIM WELLS: My point about soil moisture goes back to 
some work done a nt1mber of years ago by Dr. Thornthwaithe 
who ran the Department of Climatology at Seabrook Farms. 
He developed a unit called an evapotransporometer. It is a 
device which enables you to determine exactly how much wat
er has been lost both by evaporation and t1·anpiration. By us
ing the evapotransporometer he was able to determine exactly 
when the soil moisture level had dropped to the 95 % level of 
field capacity. I have a pape1· in my files done by a field test
ing station in Canada dealing with the raising of pine and 
sprt1ce seedlings in which Dr. Thornthwaithe's evapotranspor
ometer and formulas were used. They showed very clea1·ly that 
if you precisely determine the moisure level and maintained 
i'c at hte 95% level, the size of the seedlingR in one yea1· waR 
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equal to the normal size at the end of two years. Y oti were 
able to gain a full year's growth by controlling water. 

PETE VERMEULEN : I would like to ask what effect does 
a mulch on a seed bed have upon the soil temperature? 

MODERATOR STEAVENSON: Although the color of the mulch 
may effect its ability to absorb or reflect heat, in most cases 
the mulch is an insulating blanket so that the soil temperature 
may be held back in the springti,me. With us, this is a real good 
thing because otherwise we have seeds which germinate too 
early and then are caught by a late frost. 

CASE HOOGENDOORN: What do you use for a mulch? 
MODERATOR STEAVENSON: We use sawdust. 
ROBERT FARMER JR. : I would like to make a comment in 

regard to temperature. There is a growing body of knowledge 
that shows that southern seed sources require a much shorter 
period of cold stratification than do northern seed sources. 
This is true fo1· most species although I believe the White Pine 
is an exception. The temperature required at germination is 
influenced by the amount of cold stratf'ication that the seeds 
have been exposed to. After a short period of stratification 
most tree species requi1·e a high temperature but the longer 
the cold stratification period they are exposed to, the lower the 
temperature they will be successfully germinated. The opti
mum temperature then for germination depends upon the geo
graphical location of your seed sou1·ce and the amount of cold 
stratification that has been used. 

MODERATOR STEA VENSON: Ou1· next, paper for this morn
ing's session will be given by Mr. Richard Bedger f1·om Mus
ser Forests, Inc. and he will speak on ''Conifers and Hard
woods from Seed''. 

CONIFERS AND HARDWOODS FROM SEEDS 
RICHARD C. BEDGER 
Musse1· Fo1·ests, I1ic. 

lndia1ia, Pennsylva11.ia 

Mr. Steavenson, Society Members, and guests. It is a 
pleasure to discuss with you this morning the propagation of 
plants from seeds. I feel that the key to this whole phase of 
propagation is one word ''seed''. We can have the most beau
tifully prepared beds, the most fertile soil, and sufficient water, 
but if the germination capacity of the seed is low or if it is 
sterile, the beds will be poor or fail. 

In our operations at Musse1· Fo1·ests, we store large 
amounts of seed in sealed jugs in refrigerated storage. In any 
year that nature produces a good crop, we purchase a two or 
three year supply of seed. Not only is the seed cheaper but the 
viability in a good crop year is normally greater. 

As each shipment of seed is receive<l from the supplier, it 
is put in the .iugs fo1· storage. A sample <)f approximately 1,000 
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equal to the normal size at the end of two years. Y oti were 
able to gain a full year's growth by controlling water. 

PETE VERMEULEN : I would like to ask what effect does 
a mulch on a seed bed have upon the soil temperature? 

MODERATOR STEAVENSON: Although the color of the mulch 
may effect its ability to absorb or reflect heat, in most cases 
the mulch is an insulating blanket so that the soil temperature 
may be held back in the springti,me. With us, this is a real good 
thing because otherwise we have seeds which germinate too 
early and then are caught by a late frost. 

CASE HOOGENDOORN: What do you use for a mulch? 
MODERATOR STEAVENSON: We use sawdust. 
ROBERT FARMER JR. : I would like to make a comment in 

regard to temperature. There is a growing body of knowledge 
that shows that southern seed sources require a much shorter 
period of cold stratification than do northern seed sources. 
This is true fo1· most species although I believe the White Pine 
is an exception. The temperature required at germination is 
influenced by the amount of cold stratf'ication that the seeds 
have been exposed to. After a short period of stratification 
most tree species requi1·e a high temperature but the longer 
the cold stratification period they are exposed to, the lower the 
temperature they will be successfully germinated. The opti
mum temperature then for germination depends upon the geo
graphical location of your seed sou1·ce and the amount of cold 
stratification that has been used. 

MODERATOR STEA VENSON: Ou1· next, paper for this morn
ing's session will be given by Mr. Richard Bedger f1·om Mus
ser Forests, Inc. and he will speak on ''Conifers and Hard
woods from Seed''. 

CONIFERS AND HARDWOODS FROM SEEDS 
RICHARD C. BEDGER 
Musse1· Fo1·ests, I1ic. 

lndia1ia, Pennsylva11.ia 

Mr. Steavenson, Society Members, and guests. It is a 
pleasure to discuss with you this morning the propagation of 
plants from seeds. I feel that the key to this whole phase of 
propagation is one word ''seed''. We can have the most beau
tifully prepared beds, the most fertile soil, and sufficient water, 
but if the germination capacity of the seed is low or if it is 
sterile, the beds will be poor or fail. 

In our operations at Musse1· Fo1·ests, we store large 
amounts of seed in sealed jugs in refrigerated storage. In any 
year that nature produces a good crop, we purchase a two or 
three year supply of seed. Not only is the seed cheaper but the 
viability in a good crop year is normally greater. 

As each shipment of seed is receive<l from the supplier, it 
is put in the .iugs fo1· storage. A sample <)f approximately 1,000 

2'.lO 



seeds is kept out fo1· testing. We test most conifers we grow 
except for hemlock and white pine. These species require spe
cial pre-chilling. Mr. Claude Heit at the New York Agricultur
al Expe1·iment Station, Geneva, New York, does an excellent 
_job of testing all seeds, the1·efore, we get Mr. Heit to test these 
difficult species fo1· us. The teste1· we use in testing our seed 
is a cereal grain tester and is not the most efficient. With 
most of the species we test such as pines and spruces and some 
of the hardwoods, it does a11 excellent .iob and serves our purpose. 
Most of the spruces, by putting them on moist blotting paper 
in the tester at 70° fahr·enheit from ten to fifteen days, we can 
tell within a reasonably good accuracy what percent of the 
seeds will ge1·minate in the seed beds. 

In the past ten yea1·s, we have started g1·owing more hard
woods from seed. These hardwood seeds, in a lot of cases, 
a1·e gathered locally and planted immediately. In some cases, 
they are cleaned and planted. The seeds with a fleshy pulp 
covering such as ,vhite flowe1·ing dogwood and ba1·berry must 
be cleaned before seeding. The 1·eason these seeds must be 
cleaned is that the pulp covering over the seed coats retards the 
b1·eakdown of the seed coat. In nature, the birds and animals 
do this for us by digesting the seed pulp leaving the clean seed 
exposed to the weather so that it can b1·eak down the seed coat 
and allow the seed to germinate. 

At the present time, we are seeding about 30 species of 
conife1·s and ove1· 40 species of hardwoods. The most limiting 
factor many times in our p1·oduction is seed. As the economy 
improves, it appea1·s that fe,ver people a1·e willing to gathe1· 
seed. 

The next important facto1· afte1' the seed is the soil and 
soil preparation. Some of our seed beds have been in the 
production of seedlings for up to 30 years. Other areas, as 
we expand, are fa1·m land, woodland, or pine plantations that 
have been clea1·ed. Each of these th1·ee areas must be hand
led differently. The old land which has been in seed beds fo1· 
many years after the seedlings have been re1noved in the 
spring, is plowed deep and put into cover c1·op for the sum
mer. Sometimes ,ve can get in early enough to get a crop of 
oats and plow it down by the middle of June. Also we can 
still get in a crop of buckwheat 01· Sudan grass. This gives 
us two crops of green manure to improve the fertility of the 
soil before it goes back into the beds the following fall. 
• On new fa1·m land which has been in farm crops or hay, 

we like to plow for up to two yea1·s befo1·e we pt1t them into 
seed beds. Normally putting in c1·ops such as rye, oats, buck
wheat, or corn, neve1· letting these c1·ops mature but plowing 
them down as green manu1·e to improve the soil and its tex
ture. Newly cleared land such as fo1·est land, pine plantations, 
or old Christmas tree ground are bull-dozed with a 1·oot rake to 
remove all foreign mate1·ial and then plowed and cover crop
ped th_e san1e ::is the other land befo1·e being put into seed beds. 
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After the soil fertility has bee11 achieved, we like to sample 
the soil the summer before the beds are p1·epared. N 01·mally 
the pH in our area is on the low side and also we a1·e no1·mally 
low in phosphate and potassium. If the pH is around 5 01· 
less we no1·mally apply two tons of lime per acre to bring the 
pH up to approximately 6 or 6.5. We believe that at this level 
the nutrients are more available to the plants and we get a bet
ter growth than at the lower pH levels. The final phase of ou1· 
soil program is a cove1· c1·op planted about the first of June which 
is normally Sudan grass. It is plowed down the end of July 
and left to rot fo1· a month before the b,~ds are prepa1·ed. How
ever in the last two years, the new hyb1·id Sudan grasses have 
given us trouble because of the stems being so large that they 
will not 1·ot down sufficiently to insu1·e a good :,:.oil preparation 
by the first of September. We start to p1·epare ou1· beds the 
first of September so that we can have beds ready to trans
plant by the 15th of Septembe1·. Ou1· bed preparation sta1·ts 
after the soil has been disced and harrowed. Then the soil is ro
tovated no1·mally with a Howa1·d Rotl:l.vator to prepa1·e the soil 
fo1· the throwing of the beds. The cente1·line of each bed is 
staked and the beds a1·e mounded by a G1·avely Tractor with 
a 1·otary plow. We no1·mally do not use a bed former because 
in ou1· prepa1·ation all beds a1·e kept at a ve1·y unifo1·m width 
with a unifo1·m path. Afte1· the beds have been thrown up, 
in the past eight years we have used Vapan1 as a soil fumigant 
with varying degrees of results. Vapam is inJected into the 
soil with a JP Ente1·prise Soil In,jector. After the Vapam is 
in_jected, it is followed with a water seal of the soil. We use 
tank type spraye1·s and usually two to three applications of 
wate1· is sp1·ayed onto the surface of tl1e soil to form a crust 
which holds the gas in the soil and allows it to do its job. 

I feel tha1c efficiency of the treatment is dete1·mined g1·eat
ly by the weathe1·. If the soil is too moist 01· too dry, 01· the 
weather is too cold 01· too warm, this greatly affects our t1·eat
ment. In the past season of 1967, our treatment has varied 
considerably as to the time it was applied and the weathe1· con
ditions changing. The earlie1· t1·eatment which was done in 
early September when the soil moisture was lower and the 
temperature highe1· appea1·s to be much more satisfactory than 
the t1·eatment applied later when the soil moisture was much 
i~igher and the weathe1· a little cooler. The later treatment was 
ap~lied on some days ,vhen the weather was .iust beginning 
to change. Soon after the t1·eatment was applied there was a 
heavy rainfall that night causing the gas to be forced down 
into tl-ie soil and the1·efore the surface of the beds have al1·eady 
begun to show weeds and grasses. This, I feel, is due to excess 
moisture pushing fumigating material into the soil not allow
ing it to come up to the surface and perfo1·m its Job. At the 
present time, all seed beds and t1·ansplant beds required for a 
full yea1· are p1·epa1·ed in the fall. This allows us more time 
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in the spring to get our nursery work done and also our ship
ping and packing. 

As the beds are needed, we b1·eak them down with the ro
tavator for seeding or transplanting. The beds are laid out 
54'' on the surface with a 32'' wide path. All of ou1· t1·actors, 
trailors, and equipment, are set with the wheels on a 84'' cente1·. 
This allows the wheels to straddle all the beds and also it will 
st1·add]e our field rows of or11a,mental plants which are lined 
out on approximately 40'' to 44'' centers. After the seed beds 
a1·e prepared, I like to fertilize all conife1· seed beds with 15 
pounds of 10-6-4 slow release type fe1·tilize1· per 400 square feet 
of seed bed befo1·e seeding. All ha1·dwood beds are seeded with
out fe1·tilizer. Ha1·dwoods no1·mally are much larger seeds and 
have a bigger food supply on which to get started. Afte1· the 
ha1·dwoods are up a few i11ches which is usuallj' the fi1·st of 
J u11e, I like to give them a top dressing of about 15 pounds of 
slo,v 1·elease fe1·tilizer per 400 squa1·e feet of bed. In ou1· seed
ing, we like to see as much as possible done in the fall because 
we have mo1·e time and also germination in the sp1·ing is usual
ly ea1·lier and p1·oduces a slightly larger seedling than the 
sp1·ing seed. The spring seeding is not done until the fi1·st of 
June which makes t.he s.p1·ing seeds germinate up to a month 
later. By the e11d of the fi1·st and second yea1·s, a considerable 
diffe1·ence can still be noticed. The fall seeding has _just been 
completed. l\<Iany of the la1·ge seeds must be put on the beds by 
hand. The conifie1·s a1·e all broadcast on the seed bed to a 
width of fou1· feet. This seeding is done with a 4' Gandy 
Sp1·eade1· with the axle extended to 7 feet. 

Afte1· the seed is sown, it is 1·olled into the surface of the 
bed. After rolling, we cove1· the seed with sand 1/R'' to l/4'' thick. 
The sand is applied to the beds with a special sanding machine 
designed by Synt1·on Corporation which is a local magnetic vi
b1·ator company. The sander is pulled by a tractor and is 
powered by an electric generator. It vibrates the sand onto 
the bed at the desired thickness. Afte1· the sanding, the seed 
bed is mulched with salt hay. Salt hay is ha1·vested in salt 
water swamps along the coasts of Jersey and Delaware. Afte1· 
the bed is mulched vvith salt hay, it is then covered with 
shades. All of our shades are made with spruce lath and hem
lock rails that a1·e 10 feet long and 4 feet wide. These shades 
are made without legs. We use a 24'' vvooden stake drive11 in
to the g1·ound with a 54'' c1·oss piece ove1· top of two stakes to 
hold the shades off the seed beds. Fall seed beds remain co,,e1·
ed in this manne1· until ea1·ly spring when the shades are rais
ed .iust before the seed ge1·minates. As the seed starts to ge1·
minate, salt hay is removed, if possible on a cloudy moist day. 
The removal of the salt hay is a critical phase because exces
sive d1·ying of the seed at the time of ge1·mination may 1·est1lt 
in poo1· beds. 

The ha1·dwoods and a few of the conife1·s such as the Jun,
·1,7Je1·11,c; 111:1·,q·i·r11:a.na, Tc1,xi1,.~ cit,9piclatc1. cci7Ja,tacla, and the Cecl1·us 
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atlantica are handled diffe1·ently. These seeds are rolled into 
the soil with a good layer of sawdust, then they are covered 
with shades. Some of the larger seeds such as chestnuts, black 
walnuts, etc. are covered with a thick coat of sawdust and also 
with salt hay to insure that the seed is ,vell covered and pro
tected from winter. We have found in the past that if the 
chestnuts, for instance, are not planted sufficiently deep in 
the soil, a poor germination results the following spring. These 
beds are then covered with shades and t.he shades remain on 
the bed until the plants start to grow and the tips of the new 
growth come up and are touching the lath on the shades. On 
the coniferous species and on a few of the hardwoods such as 
the birches, the shades are raised. On all other hardwoods, 
when the plants are two to three inches tall, the shades are 
removed and the plants are left unshaded for the balance of 
the season. To insu1·e p1·oper germination, it is son1etimes 
also necessary to irrigate the seed beds. At the time the seed 
is starting to germinate or perhaps even before germination 
occtirs, it is necessary to irrigate. For· the seed to properly 
germinate, we must have sufficient moisture in the soil and 
mulch. 

Seeding is only a part of the total operation. Fall seed
ing normally takes place the last two weeks in October and the 
beginning of November. Sp1·ing seeding is normally done the 
end of May. By the middle of June all the seedlings are up a11d 
ready to be cared for from three to fou1· years. Bringing the 
seedlings through the first summer and first winter is the 
most critical period. All conifers a1·e shaded the first grow
ing season. Some of the spruces and fi1·s are shaded through 
the first and second gro,ving season. In ou1· area some hot, 
dry weather occurs in June, July, and August, which makes 
shading necessary. Also during this period irrigation is often 
very necessary to insu1·e the seedlings p1·ope1· growth. 

About the middle of August when the nights start to get 
cooler and days not quite as warm, we begin to pull the shades 
off the beds to harden the plants for the winter. No1·mally we 
pull the pines first, leaving the spruce and hemlocks until late1· 
in the fall. After the shades are removed, the girls give the 
beds a good weeding before the cold ,veather sets in. About the 
first of November mulching of the first yea1· beds can l,egin. 
All one year conifer beds are mulched with salt hay to prevent 
frost heaving and winter burn. The mulch remains on the 
beds until early in the sp1·ing when the danger of heavy freezes 
which would cause heaving is passed. The mulch is then re
moved and stored fo1· use the following year. 

The largest single cost and the la1·gest single problem in 
the growing of the seedlings is control of weeds. The treatment 
of the beds with Vapam is a great help but it does not elimin
ate hand weeding. I have done work with pre-emergence type 
weed cont1·ol on one, two, and three yea1· seedlings with va1·v
ing degrees of 1·esult. Simazine appea1·s to do the best ,iol) i11 
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most cases whene\1er the plants show any tole1·ance. Most one 
yea1· pines a1·e tolerant and can be treated \vith grant1lar Sima
zine in September and held throughout most of the second 
yea1· with very little \veeding. Othe1· chemicals t1sed have been: 
Dyamid, Enide, and Casaron. All these chemicals a1·e t1seful 
in species not tolerant to Simazine, especially in the cont1·ol of 
some grasses and a few \\1eeds. With the cost of labor con
tint1ally going up, ,ve have found that it is necessary to resort 
to some of these chemical controls in orde1· to survive in the 
cost-profit relationship of modern business. We also trans
plant a sizable quantity of coniferous seedlings. Most of the 
transplanting is done at the age of two years and occasionally 
at the end of the third year. A considerable amount of trans
pla11ting is done in the fall of the year when more labo1· is 
available. Howeve1·, fall transplanting requires mo1·e mulch
ing and special attention to pull them through the first winter. 
We still feel that it is a definite advantage to transplant in the 
fall since ou1· other work in the spring often holds off t1·ans
planting until late in the season. We have been ve1·y success
ful in the fall transpla11ting of Colo1·ado blue sp1·uce, No1·wa~, 
sp1·uce, white spruce, balsam fir, F1·aze1· fi1·, and Scotch pine. 
Most of the transplanti11g in the sp1·ing does not get started t1n
til late in May when the trees a1·e 1·emoved f1·om refrige1·ated 
sto1·age. The trees are lifted early in the season, perhaps as 
early as the beginning of Ap1·il and put into the ref1·igato1·s to 
hold them until we can have sufficient labor and the soil in 
working condition so that a reasonably good Joh of transplant
ing can be done. After the trees are moved from the refriger
ators, we like to soak them overnight in water and transplant 
them the following day. This gives them a chance to acclimate 
themselves to the warmer weather outside the refrigerator. 
We have had some good results with this and it extends our 
normal planting season until the first week of June. With this 
operation, however, constant irrigation is necessary sometimes 
even in the middle of the day to insu1·e that the trees do not 
dry out from the hot sun which we experience at this time of 
the year. 

I have not mentioned anything about lifting, packing, and 
shipping of trees. As propagators, we forget this phase of the 
operation and I feel that it is very important to the consumer 
to receive the plants in the best possible condition. We should 
continually strive to imp1·ove our shipping and packing meth
ods as well as finding new methods of handling the plants so 
that the consumer receives them as fresh as when they came 
from the seed beds. 

MODERATOR STEAVENSON: It is always a great pleasure to 
introduce our next speaker, Mr. Peter Vermeulen. I know of 
no one who approaches things in a more scholarly and thor
ough-going manner than our recent past president. Pete is go
ing to discuss ''Seedling Propagation of Some Broadleaf Eve1·
g1·eens and Deciduous Azalea8''. 
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SEDDLING PROPAGATION OF SOME BROADLEAF EVERGREENS 
AND DECIDUOUS AZALEAS 

J. PETER VERMEULEN 
J oh1i Ve1·1neitlen & S011, !11,c. 

N e:;;Jianic Statio1i, New J e1·.se11 

INTRODUCTION 
I must emphasize the wo1·d ''some'' in my subject title be

cause our recent seeding experience has been limited itemwise 
in broadleaved evergreens to Enlciantlius campanulata palibini, 
Kalmia latif olia, Leucothoe catesbaei, Oxyde'nd1·011, arborem. Pier
i.s floribunda, Pieris .iaponica, and Rhododendron species and hy
brids and such deciduous Azaleas as caleridulacea, Exbury, 
Knaphill, Slocock Hybrids, Mollis Hybrids, Mucron11lat1,1,m, 
flavum, poitkha1iense, schlippenbachi, Ghent Hybrids and 
Kaempfe1·i. Since the methods used have been constantly suc
cessful for the past several years this paper will therefore gen
erally center on methods rather than the science of growing 
broadleaf evergreens f1·om seed. I hope that it will be of 
some benefit to you today as well as to subsequent 1·eaders. 
Interestingly it will treat practically the same broadleaf ever
g1·een items as did the paper of Zopha1· Wa1·11e1· presented to 
this Society at Cleveland in 1954. ( 1) 

WHAT TO GROW 
Many of the species a1·e considered to ''come true'' from 

seed produced f1·om a parent that has been pollinated with pol
len from the same species. In many instances the character
istics of the resulting progeny are remarkably identical. How
ever in many instances there will result progeny with widely 
different characteristics though generally they can still be con
sidered of the same species. These differences may be in leaf 
size or form, rate of growth, plant habit or shape, flower form 
or color, hardiness, disease resistance, etc. In a few instances 
selected ''strains'' have been inbred by being crossed repeatedly 
and over the years, with culls or rogues removed from the line, 
there has resulted a ''strain'' with acceptable fixed character
istics. These are called ''line-hybrids'. Progeny resulting 
from the crossing of two species are called cross-breeds. I have 
mentioned that frequent variations occur. These when select
ed and propagated for perpetuation by asexual 01· other than 
sexual means are referred to as horticultural cultivars or var
ieties. Progeny produced from seed of these cultivars most 
generally yield plants unlike the parent and most often more 
like the original species from which the pa1·ent cultivar was 
selected. When two different species are crossed and produce 
seed the progeny are called ''hybrids''. Here again we find that 
progeny or seedlings produced from seed of a hybrid will not 
be identical to the parent. All of this may lead one to believe 
that seedlings resulting from cross-breeds or hybrid crosses 
are worthless. This is far from the truth for most of the ctil-
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tivars in use tod~ty originated in this manner. 'fhe great cau
tion that must be exercised is to disca1·d the inferio1· and keep 
only the equal 01· supe1·io1·. Of equal importance, the pa1·ent 
cultiva1· name should 1iot be applied to any of the seedlings 
produced from it. In other ,vo1·ds, and I think it safe to say 
this, no cultivar will produce seedlings identical to it. There
fo1·e unless the cultivar is reproduced by other than sexual 
means, the cultivar 01· variety name can not be attached to it. 

SEED COLLECTION AND STORAGE 
P1·oducing seedlings sta1·ts with the collection of the seed 

itself. We maintain many stock plants from which seeds are 
collected. We also purchase seed from 1·eliable collectors and 
accept seed from those who are inte1·ested in having seedlings 
p1·oduced from seed which they themselves have collected. Col
lection begins in the No1·theast U. S. gene1·ally in September
October after the first fall frost. The seed pods then have 
turned f1·om green to brown and have just about started to 
c1·ack open. Timing is important since a lot of valuable seed 
can be lost if the pods open too widely before collection. The 
pods are picked carefully and placed in clean separate contain
ers and labeled as to name, location and date. Cleaning is a 
tedious job. When distance or time are factors in the collec
tion phase, we sometimes collect pods that are still green 01· 
have not cracked open sufficiently fo1· easy extraction of the 
seeds. These green pods are placed in shallow cartons or flats 
and placed in the greenhouse. Care must be taken that no di-
1·ect moisture falls on the pods. We have pipe framed green
houses and so can place the cartons or flats up high where they 
will get plenty of light, heat and no direct moisture. This is 
generally sufficient to get the pods 'i:o open up. On 1·are occa
sions we place the pods outside on sunny days when the tem
perature is below f1·eezing and in a position sheltered from 
wind. This often helps crack the pods but sometimes they have 
to be gently crushed to ext1·act the seeds. Leach states seed 
may be collected in August, oven dried for 3 days at 100° F, 
ext1·acted and sown immediately, with good ge1·mination. (2) 

The actual cleaning is done with small sifters or 
screens. We have 6 of these each with different mesh 
screens. The seeds are run through these sifters starting first 
with the widest mesh and then successively down the line. The 
number of siftings depends on the size of the seed and the 
amount of dust present. When the seeds have been thoroughly 
cleaned they a1·e placed in clea1·ly identified screw top glass 
tubes 01· jars with caps screwed on tightly and stored in a 1·efri
gerator. Generally best g·e1·mination occu1·s with current years 
c1·op but we have been successful with seeds up to 2 or some
times 3 years old. 

MEDIA FOR GERMINATION 
All of our broadleaf evergreens and deciduous Azaleas a1·e 

sown in flats. We used to follow a rather exacting procedure 
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in p1·eparing ou1· seed flats. We were aware that seeds sown 
in sphagnum germinate very well but we determined subse
quent growth would be restricted unless nutrients were later 
added. A fair percentage of our flats are sold throughout the 
summer and fall and even into winter when customers find 
they have some spare greenhouse space that they want to util
ize profitably. The combination germinating-growing medium 
we used permitted us to sell or transplant a strong healthy 
growing seedling without any subsequent fertilization rather 
than one that has germinated and then marks time until 
transplanting. The first step in preparation was a layer of 
coarse peat on the bottom of the flat. This ,vas leveled and 
lightly tamped and a tablespoon of Agrinite sprinkled evenly 
over the entire flat. Next came a layer of growing medium 
which for us is or is supposed to be 1/:i Birdsboro silt loam 
which has been treated with Methyl Bromide at the rate of 2 
lbs. per 100 sq. ft. (approximately 50 cu. ft.), 1/3 granulated 
sphagnum peatmoss and l/i fine horticultural grade Perlite. 
However we most often wind up with more peat and perlite 
than soil, perhaps 20 / 40 / 40 rates in the order previo11sly given. 
Various combinations, even pure peat and/or pure leaf mold 
can be used. The flat was filled to about full and the medium 
settled, especially around the edges, and then leveled to about 
1/1 inch from the top. Over this was screened through a l/4 inch 
mesh screen more growing medium to a depth of about l/2 inch. 
This was leveled and then firmed in by pressing it down with a 
broad flat stick. When finished the medium was just below 
the rim of the flat on the edges and mounted up about l/4 inch 
toward the center. The next step was to screen a thin layer 
of dry German peatmoss over the medium. Using a 12 x 12 
mesh screen the dust was fi1"st removed and discarded. The 
remaining pea.t was then gently forced through the screen by 
rubbing. This formed a very nice spongy surface to accept 
the seeds. 

That was how ,ve used to do it. What a lot of work! Our 
medium now is simply pure Wisconsin milled sphagnum moss 
which in the trade is called 'N odampoff'. It comes in 8 lb., 2 
bushel sacks. A sack fills about 7 of our shallow flats for a 
price per flat of approximately 50c, labor and flat price ex
cluded. Our flats are still 12 x 19 but only half as deep (13/4'') 
as a standard flat. This saves 50% on medium cost and we 
find it completely satisfactory. 

The moss it moistened with water to the point where if 
squeezed hard in the hand it should drip only slightly. It is 
then very firmly packed into the flat taking great care that 
there are no air pockets of 'soft spots'. A stick the width of 
the flat and about 2-3 inches wide is used to press. the moss in. 
The fingers are used around the outer edges of the flat. Care 
is taken to see that moss level at the center of the flat is high
er than around the edges, sort of gently mounded. The first 
two years that we used milled sphagnu,m in shallow flats we 
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used Pete1·s soluble liquid fe1·tilizer 20-20-20 and had to i1·1·i
gate rather frequently. This year in our second sowing the 
flats purchased were inadvertently deeper by about l/4 in. We 
found the seedlings grew twice as large without any fertiliza
tion whatsoever and required less frequent irrigation. We are 
wondering if and how the extra ¼i''made the difference. 

SOWING THE SEED 
Some weeks p1·ior to anticipated sowing date we run ger

mination tests. This is very important since it dictates the 
thickness of subsequent sowing. We st1·ive to p1·oduce in a 12 
by 19 inch flat approximately 300 to 500 seedlings. The num
be1· is determineded by the ultimate size the seedlings will ob
tain prio1· to the first transplanting. The larger leaved sorts 
are generally limited to 300 to 400 a11d the smaller leaved sorts 
to 400 to 500. Some exceptionally fine seeds are difficult to 
manage even though we premix these small seeds with extreme
ly fine particles of sand. This acts as a ca1·rier or in othe1· 
words dil11tes the amo11nt of seeds in the sowers hand or vi
brato1· if you use one. We do not. Dad is the sowing expert 
and does a remarkable job in getting Just the right amount of 
seed in a flat using the index and middle finger of his hand. 
The seed is caused to a run down the little valley formed by the 
two f inge1·s by a sweeping shaking motion of the hand. Sever
al passes over the flat are used in p1·eference to trying to get 
an almost impossible even sowing with one attempt. Even so 
sometimes with the tiny seed sorts we'll wind up with as many 
as 600 or 700 seedlings in a flat. The seeds are gently press
ed into the su1·face using a broad flat dry stick, again the width 
of the flat and 2-3'' wide. At t.his time the flats are vvatered 
with Morsod1·en ( l/4 tsp. per gal.). We use a small watering 
can with a fine 1·ose and go over the flat at least two or three 
times to assure a thorough soaking. Seed can also be sown in 
outdoor f1·ames in late sp1·ing but since one has very little con
t1·ol over the seed's environment during germination we do not 
follow this practice. The time to sow will depend largely up
on your own schedule. We prefer to sta1·t transplanting about 
the first of April so that the transplanted seedlings can be 
grown outdoors th1·ough the summer and be of sufficient size 
and vigor that they will be able to remain outdoors the next 
winter with p1·otection. I will explain that a bit later. We 
therefore start first sowings in mid-December filling up the 
space available. A second sowing is made in Ma1·ch generally 
for summer and fall sale. 

GERMINATION AND CARE 

The finished flats a1·e placed in deep benches in the g1·een
house and covered with glass sash or clear polyethylene. The 
poly is about 5'' above the su1·face of the flat. The greenhouse 
is covered with 6 mil polyethylene and 52 o/o polypropylene 
shading. The shading is removed in Janua1·y or February. We 
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try to maintain 70 degree day and 60 deg1·ee night tempera
tures in the house while temperatu1·es in the germination bench 
run about 75 to 80 degrees. When we used sashes these were 
lifted each morning to remove condensation which might cause 
d1·ip spots. If the house temperatt1re was too low this was de
layed to later in the day. This we called dripping the sashes. 
Now with polyethylene cove1· we do the same except that the 
sections of poly are lifted instead of the sashes. The poly is 
fas.tened to the bench side at the rear. In the front it is allow
ed to hang over and weighted with 1'' x 2'' wooden strips. Each 
section is 10' long and overlaps at the edges. The strips can be 
hung on the greenhouse rafters when desired to permit easy 
access and working in the bench and also to ventilate. At this 
time the flats are checked and watered if necessary using a 
Fogg-It nozzle on the end of the hose. Germination occurs in 
about two to four weeks depending on the subject. Now comes 
a critical period when the germinated seedlings are given a lit
tle more air each day. This continues un'cil it is determined 
that the poly can be left up all da.y, however it is generally put 
down again at night for the next few days especially on real 
cold nights when house temperatures can not be maintained. 
After a number of days of this treatment the flats a1·e remov
ed from the case, the poly removed and, using wooden 
stringers over the benches, the flats are placed on top of the 
benches where they will be subject to more air circulation and 
mo1·e light. We continue using the Fogg-It nozzle for water-
• 1ng. 

Greenhouse ventilation is accomplished using the fan and 
perforated poly tube system. The system is operated every day 
if possible to effect a complete change of air. This reduces the 
chance for occurance of Botr·ytis Leaf Blight. When blight 
spots are noticed we dust them lightly with Fe1·mate using a 
small hand duster. As a precaution the entire house is lightly 
dusted occasionally. The whole process from sowing to trans
planting takes from three to four months although some s.orts 
could be transplanted earlier if necessary. Broadleaf ever
greens in general are 1·esponsive to photo period treatments and 
we have treated some of the very slow growing seedlings like 
Kalmia latifolia, R. keiskei, R. racemosum, R. smirnowi, etc., 
to hasten growth so that they could be transplanted along 
with the others. 

TRANSPLANTING 
Tra11splanting sta1·ts usually in late April or early May. 

We try to get it all done in a matter of 4 to 6 weeks if possible. 
The earlier the better even though some of the tiny seedlings 
are hard to handle. Women and gi1·ls are exceptionally adept 
at handling the transplanting and have the patience required 
for the job. At the time of pricking off the seedlings are 
graded and planted in the same sized flats ( 12'' x 19'') but 3'' 
deep. The smaller ones can be spaced 70 'co a flat, the larger 
ones 40. We find potting fits our program much better how-
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eve1· and so the g1·aded seedlings are potted into 21/4'' Jiffy 
pots and also placed in flats, 40 per flat. (Medium used is that 
discussed earlier.) The finished flats are placed in a heated 
mist house where they receive intermittent mist as required. 
Temperatures remain about the same - about 70/60. 

SUBSEQUENT CARE 
Afte1· about two to three weeks they will have sufficient 

1·oot attachment. After all dange1· of frost is past they are re
moved to Saran or poly propylene, the latte1· preferred, cover
ed houses with about 50 % shade where they are grown on un
til sold or are again transplanted. Prior to first fall frost 
these houses are covered with 6 mil white polyethelene which 
stays on until the last sp1·ing frost. These houses are simple 
but practical. Our first five were inverted 'V' or some say 'A' 
frame although we do not have the cross member. The bars 
a1·e nailed to railroad ties laid on the ground and spiked to
gether at the ends. This is classified as a temporary structure 
which is quite important in the urban areas where growers are 
confronted with st1·ict building codes. They can be made any 
length. We chose 99' to accommodate the commercially avail
able 100' lengths of poly. However new tapes and adhesives or 
a generous ove1·lap make any length desired practical as so 
dramatically pointed out by Dick Vanderbilt last year in New
po1·t. (3) A 13' width is working well for us. We now use 
3/,'i." EMT or thin wall conduit, with 2 10' lengths formed into 
a bow and fastened at the top. The material cost is slightly 
more than wood, conside1·ably less than pipe and a lot easier to 
erect. 

Ir1·igation is accomplished with 10 Buckner Midget Rotary 
Sprinklers #1124-1 suspended from an overhead main. The 
wate1· dispe1·sion and rate of application are almost perfect. We 
fertilize with Peters Soluble 21-7-7 and 20-20-20 intermittent
ly t1sing a GEW A p1·opo1·tione1· and a hose. Fe1·tilization can 
be accomplished through the ir1·igation or by dry broadcasting. 
Seedlings are 1·eady for bedding or canning in one year. If put 
in larger pots or spaced mo1·e widely in flats they could stay 
2 yea1·s in the poly houses, then transplanted, even directly to 
the field. 

I won't go into the g1·owing on phase as this would exceed 
my time limit and my topic assignment which is ''p1·opagation''. 
I believe I have said more than Zo did in 1954. That in itself 
is an accomplishment. I hope it has been said as well and is 
as meaningful. 

Ll'l'ER1\'l"U RE Cl1'ED 

I. \V,1111e1, Zu1Jl1e1 l' 1\tdlcas 1•10111 Seed l'1oc ll'l'S 4 137-139 
2 Leach, David G lll1udode11d1011s of tl1e Wo1ld: 352 1961 
3 Va11de1b1lt, R1cha1cl 'I" 1\ Lo\v Cost Ove1\v1nte1111g Str11ct111e Proc ll'PS 16 

238-241. 
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MODERATOR STEAVENSON: Ou1· fin::-il discussion fo1· this 
morning's session will be p1·esented by l\'lr. Loy Shreve, who is 
a guest of the Society. M1·. Shreve is from Manhattan, Kan
sas, and will discuss ''Some Effects of Gibberellic Acid on 
Year-Old Pecan Seedlings''. 

SOME EFFECTS OF GIBBERELLIC ACID 
ON YEAR-OLD PECAN SEEDLINGS' 

BY LOY W. SHREVE AND RONALD W. CAMPBELL' 

Pecan seedlings may requi1·e several growing seasons to 
1·each a size suitable to graft or bud. Reducing that time would 
reduce production costs. Also, pecan growers who propagate 
their own trees could have producing trees soone1·. 

Gibberellic acid applications increased the height of one
year seedling yellow poplar, sweet gum, cher1·ybark oak, wil
low oak, and southern red oak (Nelson, 1957). GA3 increased 
stem elongation of newlJ' germinated l)ecan seedlings grown 
under greenhouse conditions (Martin and Wiggins, 1961). GAJ 
treated black walnut, willow oak, and loblolly pine seedlings 
were 40 'fa taller and twice as thick as unt1·eated seedlings 
(U.S.D.A., 1958). 

This study attempted to determine: 1. if field applications 
of GA3 increased pecan seedling growth for budding and graft
ing earlier than untreated pecan seedlings; 2. if time of a.p
plication affected 1·esponse; and 3. response of pecan seed
lings to repeated GAJ treatments. 

MATERIALS AND METHODS 
Stratified no1·the1·n hardy pecan seed was pla11ted in ~L 

sandy loam soil at the Ashland Horticultural Farm near Man
hattan, Kansas, in April, 1965. Seeds were planted six inches 
apart in three 1·ows spaced four feet apart. 
Seedlings vve1·e weeded and ir1·igated as needed. Twenty-four 
plots each containing nine seedling pecan trees were used. Ten 
unsprayed cont1·ol seedlings separated sprayed plots. Five 
seedlings in each of the 24 plots were sprayed June 20, 1966, 
with an aqueous solution of 5,000 ppm GA 3 • Each sprayed tree 
in each treated plot was sepa1·ated f1·om the other treated trees 
by an unsprayed gua1·d t1·ee. 

Sixty trees in twelve untreated plots, laid out as described 
above, were sprayed July 20. Sixty trees sp1·ayed June 20, re
ceived a second application of GA, at 5,000 ppm July 20. 

Sp1·ay applications we1·e made with a hand operated com
p1·essed ai1· spraye1·. Th1·ee d1·ops of a su1·facant, Tween 20, 
was added to each 135 ml. of spray. The pH of the sp1·ay solu
tion was 3.2. Plants were sp1·ayed to 1·un off. Excessive dam-
1Contr1but1on No 418, Department of Hort1cultt1rc a11d Forestr}', Ka11s~s Agrtctlltural Expcr1n1c11t 
Stat1on, Ma11hattan, Kar1sas 

2lnstructor and Professor of Horticulture and Forestry, respectively. 
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age from spray drift was p1·evented by cove1·ing seedlings with 
a polyethylene bag and inserting the spray nozzle into the bag. 

A side d1·essing of 20-10-5 fertilizer at 350 pounds per 
acre was applied August 20, 1966, to all seedlings in uniform 
eight-inch bands on each side of the row _just before irrigating. 

Twenty trees selected at random from groups treated once 
in June and in July and others sprayed twice were dug and 
p1·epared in early December and prepared for study, as were 
118 unsprayed control trees. Measurements recorded includ
ed stem and root length, collar and stem diameter four inches 
above the collar. All samples were cut to approximately half 
inch pieces and oven dried ten days at 70°C. Data then col
lected included dry weights of stems, roots and entire plants. 
The ratio of dry weights of stem: root was calculated. An
alysis of variance was calculated for each value obtained, and 
effects of treatments we1·e compared by the Dt1ncan Multiple 
Range Test (Duncan, 1955). 

RESUJ_,TS AND DISCUSSION 
Table 1 shows response in growth of pecan seedlings to 

spray applications of GA, at 5,000 ppm. Comparisons can be 
made among trees sprayed in June or in July and those spray
ed both months. 

Seedlings sprayed with GAJ in July had longer stems, 
greater stem diameters and heavier stems than controls. How
ever, average d1·y weights of roots and root length were less 
than for control trees. The stem: root ratio was g1·eater for 
sprayed t1·ees than for controls while the average collar diam
eters and total dry weights did not differ significantly. 

The same pattern was repeated essentially for trees re
ceiving two sprays except that differences were greater, as 
shown by significance at the 1 % level and a much greater stem: 
root ratio. 

Cumulative effects of the two GA" sprays gave signifi
cantly longer stems, greater stem dry weights, and lighter roots 
than trees sprayed only once in June or July (Table 11). Also, 
t1·ees sprayed twice had significantly larger stem diameters 
than June sprayed trees and significa11tly greater stem: root 
1·atios than seedlings sp1·ayed only once in June 01· July. 

The only significant difference between t1·ees sprayed on
ly in June or only in July was in stem: 1·oot ratio, which was 
larger for July sprayed t1·ees. 

Date-of-spraying differences p1·obably resulted from the 
amount of GA., that penet1·ated into leaves of trees treated later. 
Both temperature (Van Ove1·beek, 1956) and surface area 
treated (Sargent, 1965) apparently affect the penetration in
to leaves. Average high temperature June 15 to 25 was just 
above 85°F. Average high temperature July 15 to 25 was near
ly 94°F. Those two factors may also account for differences 
in response between trees sprayed twice and those sprayed 
once in June or July. 
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T<tble I So,ne effects 011 growtl1 ot yca1·-old pecan seedling trees front ac11rco11s sptdys of GA
3 

at 5,000 ppm tn 1966 

Mean Measurements, inches 

Date 
tredted 

6/20/66 

t 7 /20/66 

6/20/66 
and 

7/20/66 

a. 

b. 

a. 

a. 

b. 

Stem 
length 

17.930 
** 

11.180 

21.515 
** 

9.700 

27.833 
•· * 

11.180 

(a) treated seedlings 
(b) control seedlings 

Root 
length 

18.952 
ns 

21.280 

20.280 
* 

24.674 

21.718 
ns 

21.280 

Collar 
diameter 

.388 
ns 

.441 

.437 
ns 

.415 

.442 
ns 

.441 

* s1gn1f1cant at 5% 
** s1gntf1cant at 1 o/o 

Stem diam 4 1n 
above collar 

.333 
ns 

.295 

.388 
** 

.268 

.411 
:i-* 

.295 

dry wt 
Stem 

11.894 

* 
8.450 

14.927 

** 
5.891 

22.947 

** 
8.450 

Mean Weights, grams 

dry wt 
Root 

25.868 
* 

36.342 

15.245 
** 

33.011 

11.276 
~, .... ,. ~ 

36.342 

ns non•s1gn1f1cant 

at io/o 

dry wt 
Total 

37.761 
ns 

44.788 

30.172 
ns 

38.953 

34.223 
ns 

44.788 

' 

Ratio dry 
wt stem 

lOOt 

.544 

** 
.238 

1.058 

** 
.182 

1.983 
~~ 
~~ 

.238 
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Table 2 Effects of spray applications of 5,000 ppm GA
3 

011 gi·o,vtl1 and development of yeai·-old pecan seedlii1gs. 

Date 
treated 

6/20/66 

7/20/66 

6/20/66 
and 

7/20/66 

~lean measurements, inches 

Stem 
length 

17.930a 

21.515a 

27.833b 

Root 
length 

18.952a 

20.280a 

21.718a 

Collar Stem diam 4 1n Stem 
diameter above collar dry wt 

.388a .333a 11.894a 

.437a .388ab 14.927a 

.442a .411b 22.947b 

Values with the same letter are 11ot significantly different at 5o/o 
Values with unlike or no letters differ significantly at 5% 

J 

~lean weights, gt ams 

Root 
dry \Vt 

25.868a 

15.245a 

11.276b 

Total 
dry "'t 

37.761a 

30.172a 

34.223a 

Ratio dry 
\Vt stem 

root 

.544 

1.058 

1.983 



This study generally confirms findings of Martin and Wig
gins (1961) wit.h one exception. They reported only limited 
growth of pecan seedlings over 51 days of growth regardless 
of concentration used or number of spray applications. We 
found repeated application of GA, increased stem growth of 
year old pecan seedlings. They found that increasing soaking 
time of pecan seeds with GA, from 12 t<) 192 hours reduced 
root dry weight and total dry weight and total dry weight of 
seedlings germinated. 

Seedlings sprayed in June we1·e larger than untreated 
trees when both groups were sprayed in July. The greater 
surface area of seedlings treated in June allowed them to re
ceive more spray solution and therefore a higher concentratio11 
of GA, which apparently increased stem length and dry stem: 
dry root ratio over trees sprayed only in July. 

Mango seedling stocks sprayed a second and third time 
with GA 1 responded with stem elongation within a mo11th afte1· 
each treatment and had longer stems and larger stem diame
ters than trees treated once (Thomas et al., 1963). Three ap
plications of GA, to black walnut seedlings caused them to pro
duce several seasons' growth in one year (Marth and Mitchell, 
1961). Repeated spraying of roses with GA 3 increased stem 
length over one treatment (Mastaterz, 1965). Supplemental 
spraying belladonna with GA., doubled stem height and reduc
ed root dry weight. However, stem dry ,veight was not affect
ed (Kuskova, 1965). 

Increased stem: root ratio from greater concentrations of 
GA, probably results from increased stem growth at the ex
pense of root development. Halevy et al. (1964) found that 
the effect of GA, on translocation of assimulates is to in
crease the mobilization of stored mate1·ials and to enhance re
distribution toward stem tips. Nanda and Purohit (1965) 
have reported that increased growth in Salmalia 1nalalJarica 
caused by gibberellin treatment probably results from mobiliz
ing stored food so it becomes readily available for growth ex
tension. 

SUMMARY 
Field application of GA, at 5,000 ppm in July or in June 

and July to yea.r-old pecan seedlings significantly increased 
stem diameter. Stem diameters were less on the seedlings 
sprayed in June only. However, the diameter increase was 
enough in both cases to improve suitability of seedlings for 
budding and grafting. 

Time of treatment is a factor in seedling response to GA 3 • 

Seedlings treated in July had a significantly higher dry stem: 
dry root ratio than those treated in June. 

A second application of 5,000 ppm GA, in July to seed
lings previously treated in June gave significant increases over 
other treatments in stem length, d1·y stem: dry root ratio, and 
stem d1·y weight. Root dry weight was significantly less than 
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root dry weight of June sprayed seedlings and those sprayed 
in July only. Stem diameter was significantly larger than for 
trees treated only in .June but not significantly different from 
stem diameters of trees treated only in July. 

In this study, GA, reduced root length of seedlings when 
sprayed in July only. Additional research is needed to deter
mine the ideal combinations of time, treatments, and concen
trations of GA, to optimize benefits to growers. Also, othe1· 
gibberellins (Van Overbeek, 1966) may hold promise in such 
research. 
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Pla11t Rcg11lator~ 

MODERATOR STEAVENSON: We will now have time for 
questions dealing with the p1·evious three papers. 

BEN DAVIS, II: What type of gibberellin did you use? 
Who makes it and where can it be obtained? 

LOY SHREVE: I used GA, and it was supplied by Merck 
Company. It was a 90% preparation. The ''3'' refers to the 
type of GA that I used. There are some twelve or thirteen dif
ferent types of gibberellic acid. 

CHARLES SCHEER: I would like to ask Mr. Bedger how 
much wate1· was placed on top of the Vapam and what was the 
rate that you used? 

RICHARD BEDGER: 
sixty gallons pe1· ac1·e. 

We applied 
The water 
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ing three passes of the sprayer which puts on about a qt1a11;er 
of an inch of water or until you form a type of crust on the soil. 

RICHARD JAYNES: I would like to ask Pete Vermeulen if 
he ever stratifies Kalmia latifolia seed and what does he con
sider to be a normal percent germination? 

PETE VERMEULEN : No, we do not stratify Kalmia latif olia 
seed. I don't really have an answer for the percent of germin
ation. We use a given volume of seed J)er flat and we do not 
really have an actual count of the number of seeds in that 
vol11me. The volume used is based on past experience. 

JOHN VERMEULEN: It is very difficult to count the seeds. 
You may get as high as 500 to 1000 seedlings from 1/16 of a 
teaspoonful of seed. 

MARTIN USREY: I would like to ask Mr. Bedger if he has 
made any comparisons between Vapam and methyl bromide fo1· 
soil sterilization? 

RICHARD BEDGER: It's not that we prefe1· the Vapam be
cause actually I would prefer to use methyl bromide. Unfo1·t
unately, when you treat some twenty ac1·es of seed beds and 
particularly the way we prepare ou1· seed beds, the methyl b1·0-
mide just is not feasible to use. 

MODERATOR STEAVENSON: I would like to ask Mr. Bedge1· 
if he is using the Vapam primarily for weed control, or is he 
also using it for the control of nematodes and insects? 

RICHARD BEDGER: All of the soil ft1migants give us bette1· 
plant growth. This is pa1·ticularly true of ou1· rooted cuttings 
of azaleas, rhododendrons, and /lex species. vVe do get some 
weed control, it's not 100%, but it does give us quite a bit of 
help in the early spring. We get pretty good control until 
May. I feel the fumigant helps control the nematodes and some 
of the other soil 01·ganisms. 

ARIE RADDER: We use My lone and find it is easier to ap
ply than Vapam. 

JOHN KNAPP: I'd like to ask Mr. Bedge1· what type of 
.iars does he use fo1· seed storage? 

RICHARD BEDGER: We use five gallon .i ugs; the same type 
as is used on water cooler·s. The jugs are filled with seed and 
then we drive in a cork. We do not wax in the cork as is done 
by some of the state nurseries. We have stored Red Pine up 
to ten years in this type of a Jug. The temperature in our 
refrigerator where the seed is sto1·ed r11ns about 34 ° to 36°F. 
Bruce Briggs at Washington State Research Center did some 
work on the time of transplanting rhododendron and azalea 
seedlings. He found that just as soon as you could obtain the 
true leaves that this was the best time for transplanting; there 
was no shock or setback. He transplanted seedlings every two 
weeks for several months. He found that those seedlings which 
were left in the seed flat for six weeks, as compared to seedlings 
which were transplanted as soon as the first true leaves ap
peared, were only about one thi1·d as large as the early trans
planted seedlings. 
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THURSDAY AFTERNOON SESSION 

November 30, 1967 

The afternoon session convened at 1 :30 p.m. and was con
cerned with the p1·opagation of specific plant materials. D1·. 
H. B. Tukey, Jr. served as moderato1·. 

MODERATOR TUKEY: The first speake1· on the p1·ogram 
this afte1·noon is Andy Klapis of the Kansas City School De
pa1·t,ment, Kansas City, Missou1·i. 

SEVEN YEARS WITH VIBURNUMS FROM SOFTWOODS 
ANDREW T. KLAPIS JR. 

Ka1'1,sas City SchooL Dist1·ict 
Kansa:;; City, Mo. 

In a brief tou1· around my postage stamp backyard last 
week, I counted seven different varieties of viburnum. All 
these plants have been there for at least five years through 
temperatures ranging from 15° below zero to 110° above; and 
all are thriving and healthy. Because of their hardiness and 
versatility, viburnums a1·e held in high esteem in our rigorous 
plains count1·y. When I go East 01· South, my mouth waters 
and I'm envious of the beautiful broadleaf material which the 
nurseryman can grow and market with impunity. However, all 
of us can grow many of the viburnums, and experiences which 
we have had in p1·opagating these plants both at Raytown Nur
sery and at the School Gardens of the Kansas City Missouri 
School District is the 'cale I wish to tell. 

From the accompanying table you can see that initially 
the number and variety of the cuttings stuck was very limited. 
In 1958 plant propagation was a brand new field to me, and 
Be11 As.ies gave me a list of material he wanted p1·opagated, and 
off I went gungho with high hopes and ''rots o' ruck''. Well you 
know what happened. We used pe1·lite fo1· the rooting medi
um and Rootone as the hormone. We got a fair strike for st1ch 
a haphazard operation, but luck played a very important 1·ole. 

As we went along through 1959, 1960 and 1961, you'll no
tice the varieties and numbers change very little. Since our 
needs in a small landscape nu1·se1·y were modest, the numbe1· 
of cuttings stuck was low. In 1962 and for several ensuing 
years, we widened the numbe1· of varieties conside1·ably, al
though the number of cuttings of a given variety stayed rela
tively static. Due to the low number of cuttings per variety, 
this material may be of limited use to the big producer. How
ever, some of the info1·mation concerning 1·ooting mediums and 
overwintering may be of some use. 

The system used fo1· making vibu1·num cuttings was in
te1·n1itte11t mist with a 12 mint1te to1·k 1·epeating time1· which 
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was regulated for frequency according to weather conditions. 
The mist house was outdoors, ten feet wide and 30 feet long, 
paved with gravel and tiled to ensure good drainage. This a1·ea 
is enclosed on four sides by wooden frame six feet high and 
covered with clear 4 mil polyethylene film. The top is open 
but in the past two years has been covered with saran screen 
which gives about 1/:1 shade. The cuttings were stuck in to
mato lug boxes filled with rooting medium to a depth of 6 
inches. Rooting hormones used varied from Rootone to Jiffy
Gro. 

The business of rooting mediums seemed to have a good 
deal of bearing on the survival of the ct1ttings after they had 
rooted. In 1958 when the rooting medium was perlite, we 
potted off the 1·ooted cuttings and plunged them in sand in 
cold frames outdoors. During the ensuing fall and winter, 
90 % of them died. Some of this was freeze damage, but by far 
the largest part of the mortality couldn't be explained. This 
we wrote off to experience; but we didn't lea1·n much, so in 
1959 we repeated our operation with largely the same results. 
In talking with other nt1rsery men in the area, I somehow got 
the idea of trying some different rooting media. 

In 1962 we tried a mixture of peat and sand, peat and per
lite and a third medium of long fibered sphagnum moss. Out 
of this bit of experimentation with vibur11ums we drew the 
conclusion that the long fibered sphagnum moss had very def
initely proved to be the best medium in our hands. The root 
systems were larger and ,vere distributed all up and down the 
stem of the cutting. Even though the moss tended to stay very 
wet under the mist, the cuttings stayed in good shape. 

About this time something else occurred which led us to 
another discovery. Several flats of 1·ooted viburnum cuttings 
in sphagnum moss had been placed under a bench in our cool 
greenhouse until I could get around to potting them off. This 
was around September 15 and of course, we got busy and when 
the flats were discovered, it was March. The flats had gotten 
some water through the winter but I don't believe any of it 
was on purpose. Now why do you suppose that those rooted 
cuttings survived aln1ost 100 % and came through without fun
gus problems or any other problems for that matter? This is 
what we wanted to know and tried to find out. Apparently the 
light watering which they received when the herbaceous plants 
on the bench above them were watered was enough to keep 
them in good co11dition throughout the winter. Also the anti
fungus entity which is apparently present in sphagnum moss 
kept them in good shape. To finish up this story; we potted 
them off, put them out in cold frames (this was about March 
25) and they broke dormancy in the normal way and kept right 

• on going. 
Needless to say, we used long fibered sphagnum moss as 

the rooting medium for viburnum during the next season. We 
we1·en't convinced about the ove1·wintering p1·ocedu1·e, so we 
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split the viburnum cuttings putting half under the greenhouse 
bench in flats and potting off the other half-but leaving them 
in the cool greenhouse to overwinter in pots. Results: the 
g1·ot1p left in the original flats were potted off in late March 
with 95% breaking dormancy and growing. Those potted off in 
the fall and overwintered in the cool greenhouse only had 
abot1t a 15 % su1·vival. One other conclusion we drew from 
this trial by error procedure was that the flats of rooted vi
burnum cuttings taken from the mist house must be kept dry. 
The winter before when the flats had stayed under the bench 
forgotten and neglected showed better results than when we 
checked the flats each day and decided they hadn't had quite 
enough ,vater. The conclusion which we drew from this was 
that these flats of rooted viburnum cuttings should be run dry 
almost to the point of dessication when they are overwi11tered 
in a cool greenhouse. 

In the yea1·s since 1962 we have followed this procedure 
pretty much at Raytown Nursery and at the Gardens of the 
School District of Kansas Cit.y, Missouri for viburnum ct1t
tings: 

TIME OF YEAR TAKEN-July and August 
SIZE OF CUTTINGS-Varies from 2 1/2 to 5 inches 
TYPE SYSTEM-Intermittent mist, enclosed with poly

ethelene and 1/;; shade on top. Mist heads are on 3 
foot centers and pipes are 3 feet apart,. 

MEDIUM-Ton1ato lug flats are filled to 6'' depth with 
long-fibered sphagnum moss. 

HORMONE-Indole Butyric Acid (Hormodin #3, IBA 
20 mg/gm of talc, Jiffy-Gro, or Chloromone). Cut
tings of most varieties we1·e wounded. 

OVERWINTERING-Flats a1·e taken from mist and 
placed uncler bench in a cool greenhot1se ( 55-60 de
grees). These should be placed so they get some di
rect sun fo1· part of the day. 

WATERING-As lightly as possible during winter 
months, .it1st enough to p1·event dessication of the cut
tings. 

POTTING-In late March or ea1·ly April. 
One of the continuing problems with this method of over

wintering viburnum cuttings is the onset of fungus or bacterial 
disease if the flats are kept too wet. To combat this in the past 
two years we have been using a drench combining Dexon and 
Terachlor*. So far this product has done a good .iob of pro
phylaxis. 

'1'Root & Crown Rot Control - Patterson Chemical Co. 
K.C., Mo. 

Active ingredients 
P-Dimethylaminobenzenediazo sodium sulfonate 

pentachlo1·onitrobenzene ( PCNB) 
Inert Ingredients 
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Ove1· a seven year period from 1959 through 1966 we have 
worked with viburnum softwood cuttings. Several conclusions 
were reached concerning the success of propagating these plants 
in our hands: 

1. Indole Butyric acid in several concentrations was an 
adequate hormone. 

2. A specific rooting medium-long fibered sphagnum 
moss.-gave significantly better rooting, qualitatively 
and quantitatively. 

3. Overwintering rooted cuttings in cold greenhouse in the 
original flats is necessary to assure survival of rooted 
cuttings. 

, 
\ 11RlTRNlJl\>IS FROl\1 SOFT\VOOD ClJTTINGS 

1\ SEVEN YEAR RESlTl\1F. 

Nu1nbc1 Of l)atc 
Plant r.utt1ngs Stuck St11ck 

111/11t11111111 /1111/11,,nnr/1 

111/11111111111 rat t,,,, 

V1/J1111111n1 h111 k,11n11rl, 

/11/J111n11n1 car/e11 

/11/Jl/111111/l j11rlrl 1 

fl1/Jl/1111/III /11t1·/1,1J(JO(/ I 

/11/1111111/1)1 rn1/e11 

/l1/111 /'11111/l 

1 /1yt1rlr1j1!1:yl/11111 

V1 /1111·n 11111 /1111·/1 ,,, nnrl 1 

fl1/Jl/T111/lll j11rlrli 

/11l1111n11n1 

1 l,y I 1rlnpl1)' I I 11111 

V1l111rn11n1 h1i1 /11,,nnrli 

111/1111 n11n1 rnr[P1i 

/l1/1111·111tn1 rle11/n/11111 

111/111r11111n 111rlrl1 

/11/11111111111 ln11/nnn 

120 
100 

270 
120 

fiO 

215 

I r,o 

7() 

JOO 

<JO 

6() 

I 2/i 

100 

100 

100 

200 

195 Ii 
6-27-58 
6-27-58 

1959 
7-11-59 
7-11-59 
7-11-59 

1960 
7-~-60 

7-C,-60 

7-C,-60 

1961 
7-1 ·61 

7-7-61 

7-7·61 

1962 
7-13·62 

7-13-62 

7-13-62 

7-13-62 

7-13-62 

Hormone 
Used 

Rootone 
Rooto11e 

Rooto11e 
Rooto11e 
Rooto11e 

Hor1nocl111 
#3 

Hor1nodin 
#3 

Ho, mocl,11 
#3 

Hormod111 
#2 

Ho, 111od111 
#2 

Horn1ocli11 
#2 

Chloromone 
I: I D1lutio11 
Chloromone 
J · I D1lutio11 
Chloromone 
I I Dilution 
Chloromone 
I· I D1!11t1on 
Chloromone 
I I D1lut1011 

Mcd111m 
C11tt1ng,;;* 

Rooted 

l'erl1Le 
l'erlite 

1>erlite 
l'e1·litc 
l'e1 lite 

l'eatmos~ 

l'eatn10~~ 

l'e.1tn1o~s 

Pe1litr 

Per Ii te 

l'P1·l1tr 

Long F1l>ered 
Sphagn11m Mo~s 
Long Fibered 
Sphag1111m Moss 
Long Fil>ered 
Sph.ig11um Mo~s 
Long Fibered 
Sphagn11m Moss 
Long Fibered 
Sphagn11m Moss 

186 
87 
2R 

I gr, 

93 

'>R 

72 

46 

47 

100 

100 

100 

72 

134 

(Cnn/1n1,ed nn 11ext pagP) 

"tcAJI tl1c totals ,n tl1c last col11mn labeled ''c11tt1ng':, rooted'' 1nd1cate the n11mhcr of c11tt1ngq 
pottP(I off front fl.its Pr1nr ((l 1962 this ._,,,as done 1n the fall v.•1tl1 poor ovcr\v1r1tcr1np; rc,.1i!t, 
and ,t h1gl1 p<'rcc-ntat,.:c of J)lants fa1lt (l to hrrak dormancy After 1962 \.\'C pottc-J off the cuttings 
111 l.1tt.. M,11ch .in(! e.irlv AJ)td ,111(! the plant~ \)rokc do1n1Jncv an<l st.11tc<l gro\\'1t1g normJll\· 
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Vll!U RN UJ\,lS l'l{Ol\l so11·1·woou cu· 1··1·1NC.S 

1\ SEVEN YE1\R RESUJ\,IE (cont11111cd) 

Nt1mbcr Of D.-itc Hormn11c 
Used 

Ct1tt1ng~* 
Roott..d Cutt111g~ Stuck Stuck 

V1/1u11111111 le11t11gu 

V1/11ll llllllt 

1 !1yt1duj1l1yll1111/e, 

/l1/lllllllllll 

, l1yt iduj1l1yl/11111 

V1bu11111111 willuwwuu,l 

l1 1b1111111111 c,11/e,1 

/l1b111111,111 

, l1yt1<l11p!,yllu1rle, 

V1bu11111111 

1 !1yt1duJ1/1ytlu1dc.1 

V1b11111111n ,et1ge111111 

111/11111111111 1lr;11t11l11111 

111/1111111111, ,,:t1ger11111 

111b11111um 

1 /1ytiduj1l1yllu1de, 

/11/11111111111 

/11/11111111111 

V1/111111u111 

/11b1111111111 

/I l U ll I 1111111 

111bu11111111 

de11/11tu111 

l,:11 Iago 

1 l1ylt<loc111 /111111 
• 

,arge11t1 

,et1ger1t1n 

to111e11to,u1n 

111/1111111t111 1v1llow1vu<J<l 

• 

/11bu11111111 ca1{,:,1 

111b1111111,n 

, l1yt1dupl1:yllu111 

111bu11111u1n 

, /1yt11loj1l1yllo1dcs 

111b1t11111111 setige1 u,n 

111b11111u111 w1llu1vwou1l 

Vi/1111111111, c,11/e,1 

..J1.1 b ll 1·111111, dc11t11t11111 

111b11r11u111 la11ta11a 

50 

200 

110 

I ()0 

31 () 
77 

170 

u4 

C,(j 

I Ir, 
102 

115 
b5 
90 
r,5 
97 

110 

52 

57 

152 

55 

60 

76 

7() 

390 

394 

170 

7-13-62 

7-13-62 

7-13-62 

7-l3-b2 

1963 

Cl1 l1>1 Olll(JIIC 
I I D1l11t1011 
Cl1l0101no11c 
I I D1l11t1011 
Cl1l0101no11c 
I I D1l11t1011 
Cl1l01 OlllOllC 
I I D1l11t1011 

7-lu-63 IB1\ 12 l\1G/Gl\l 
8-22-62 lll1\ 12 l\1G/CJ\,l 

9-10-63 Ho1111o<l111 #3 

u-15-63 IB1\ l2 l\1G/(~l\l 

1964 
7-15-64 IB1\ 12 J\,IG/Gl\·I 
7-15-64 I 81\ 12 l\1 G /Gl\•I 
7-15-64 1131\ l2 l\1G/CJ\,l 

196 5 
8-19-65 IB1\ 20 J\,IG/Cl\l 

8-6-65 11!1\ 20 !\·IC /Cl\-1 
7-9-65 IB1\ 20 l\-lC/CJ\,l 

8-19-65 IB1\ 20 l'vlG/Gl'vf 
8-19-65 IB1\ 20 l\·IC/Cl'vf 

8-5-65 J1lfy G10 
10: I Dil11t1011 

7-8-65 l81\ 20 l\•IG/Gl\1 

1966 

I"o11g l•1bc1c<l 27 
Sphag1111111 Mo,, 
L1111g F1be1c<l lb7 
Spl1ag1111111 Mo,, 
Lo11g F1bc1cd 9u 
Spl1dg11u111 l\1os, 
Lo11g 1•1 bc1 c<l 77 
Spl1ag1111111 l'vlo,, 

Spl1,1g1111111 l'vlo,, 277 
SJll1ag1111111 Mos, 69 

S11l1ag1111111 J\,lo,, 157 

Spl1ag1111111 l'vl,1,s '>8 

Spl1.1g1111111 l\fo,, -12 
Spl1.1g1111111 Moss I OJ 
Sphag1111111 J\,[os, 77 

Spl1.1g1111111 l\lo,s 
SJ1l1agt111111 l\<Io,, 
Spl1agn11111 J\,Io,, 
Spl1ag1111111 l'vf oss 
Sphag11111n l\1o,s 
Spl1,1g1111111 J\,fo,, 

Spl1ag1111111 J\,lo,, 

I 11 
49 
(i9 
51 
83 
81 

8-19-66 J1fly G1<1 Spl1,1gl111111 !\lo,, 15 
10 I l)1l11t1011 

8-16-66 Jiffy G10 SJll1ag1111111 !\lo,, 125 
10 I D1l1111011 

8-11-66 Jiffy G10 Spl1ag11t1111 !\Io,, 25 
IO I D1!1111011 

8-16-66 Jiffy G10 Spl1ag1111111 l\Io,s lb 
10 I D1l11t1011 

8-15-66 Jiffy G10 Spl1ag1111111 J\,fo,s 47 
10 I D1l11t1011 

8-16-66 Jilly Gto Spl1<1g1111111 l\<Io,, 31 
IO· l DiltttlOll 

1967 
7-20-67 Jtfly G10 50o/0 l'c.1t 

JO 1 D1l11t1011 50% l'e1l1tc 
7-19-67 Jiffy G10 50% Peat 

10 l D1l1111011 50% Pe1·l1tc 
7-18-67 Jiffy Gro 

10.J D1l1111on 
Spl1ag1111111 J\,los, 

( Co11ti11ued on 11ext page) 

*All the tOtdls 111 the colun111 labeled ··cuttings rooted' 1nd1cntc the number of ct1tt111gs 
putted off from fldts Prior tu 1962 th1::. V.'dS do11e 1n the fall \\·1th poor ovcrw111ter1ng results 
and .1 high percentdge of plants fd1!cd to break dormd11cy After 1962 we potted off the cuttings 
111 late March .lnd early April and the pla11ts broke dormanc}· a11d started gro\\•ing 11ormaJly 
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V1/J/ll /Ill/It 

Vi/1111 IIUl/1 

VtbltlllU/ll 

/l1b1111/lllll 

Vll\UllNUJ'vlS 1•1{01\1 SOJ•'l'\VOOIJ (;LJ l'I'JNC.S 

:\ SEVEN YEAR RESUJ\1E (cont111t1cd) 

Nl1mbcr Of D.1tc 
l'ldll t Ct1tt1ng~ Stuck Stl1ck 

Horm<)11c 
Used Mcd1un1 

' • 

1,,,,t,111,, 147 (i-21-67 Jilly Gill [,l)<Y,, l'e,tl 
10· I D1l11t1011 50'1/o l'e111 tc 

/e11t11g,, IOU 7-17-67 Jilly Gr,i Milled 
1 (). I D1l11t1011 Spl1,1g1111111 

J1ru111Jul1u11, 140 7-17-67 Jiffy G1,1 J\11llcd 
IO I D1l11L1011 Spl1ag1111111 

t,!i 8-16-67 Jitfy G10 J\11 I led 
, l,y l11/ u /1!,y /L,111/ ,,., 1 (). I D1!11L1011 Spl1ag1111111 

7-24-67 Jiffy G10 r,o,y,, Pc.it /l1/1ur111111i ,,,1bul1li 92 
l(l·l l)1l111io11 'i0'70 Pct 11 te 

VtiJll11/ll/Jl ,et1ge111111 12,1 7-28-67 Jiffy G10 50o/0 Pedl 
IO I 1)1!1111011 50% l'c1 l1Lc 

V1bu11111111 [(JI/le II Lu, U//l 352 7-19-67 Jiffy G1·0 50o/,, l'e.it 
10 1 D1!1111011 50% Pcrl1lc 

C11tt111~~* 
Rooted 

·- -

MODERATOR TUKEY: It is always a real pleasure to intro
duce one of the pat.riarchs of our Society and I have that pleas
ure right now. Mr. John Vermeulen will speak on the ''Prop
agation of Franklinia alatamaha from Softwoods''. 

PROPAGATION OF FRANKLINIA ALATAMAHA FROM SOFTWOODS 
JOHN VERMEULEN 

J oh·11, V e1·1neulen & Son, lri(:. 
N eshci1lic Station, New J e1·sey 

It is fai1·ly simple to grow F1·a1lkli1iia alata1rwha f1·om soft
wood. We take the cuttings in our area about the middle of 
July .iust befo1·e the new growth starts to get woody. We pre
fer the cuttings from olde1· plants as these are more firm in 
texture. We therefore have a 1·ow of stock plants about 20 
years old. They get a severe trimming every 3 years which 
makes for nice sturdy cuttings. We make our cuttings about 5 
to 6 inches in length and i·ake off all but 5 or 6 leaves which are 
cut in half. 

The cuttings a1·e stuck di1·ectly in 3'' peatpots in a rooting 
media consisting of 53 pa1·ts peatmoss, 171/2 parts #1 Perlite, 
17112 parts styrofoam, 9 parts fine sand, 3 parts soil, firmly 
packed. We put 28 pots in a regular g1·eenhouse flat. The flat 
is placed outdoors in a mist frame which is covered with cloth 
giving about 20 % shade. This cloth is placed at an angle about 
4' above the frame. 

Intermittent mist is applied from about one hour after 
sun1·ise until about sunset. I cannot give you an exact timing 
for the mist as it depends mainly on weather conditions, but 
we use short periods at short intervals as this will keep the 
foliage cool. 
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Complete 1·ooting should take f1•om 3 to 4 weeks, then mist
ing is reduced. This is a must as the roots rot easily. After 
about 7 to 8 weeks the plants are Just kept under shade. To 
overwinter in our area the plants are placed in a heated pit 
frame covered with opaque plastic. The white plastic keeps a 
more even temperatui·e than clear plastic. Night temperature 
is kept at about 38 degrees. 

MODERATOR TUKEY: Out· thi1·d paper· for this afternoon's 
session will be presented by Mr. Larry Ca1·ville of the Rhode 
Island Nu1·series, in Newport, Rhode Island. He will speak on 
the ''P1·opagation of Exbu1·y Azaleas from Softwoods''. 

PROPAGATION OF KNAPHILL AZALEAS FROM SOFTWOODS 
I.JARRY CARVILLE 

Rliocle Island Nu1·se1ies 
N eiv7Jo1·t, Rhode Island 

Without question, the most notable addition to the decid
t1ous azaleas for colde1· climates during the last decade has been 
the int1·oduction of the Knaphill Azaleas from England. This 
group of azaleas fills the needs of both the connoisseur and the 
g1·ower in that these plants are vigorous in growth habit, offer 
exceptional color during the blooming season, and are depend
ably hardy in the no1·theast. 

I p1·opose to limit this pape1· in content since the material 
I am presenting 1·esults f1·om expe1·ience and observations 
gained in g1·owing Knaphill azaleas in the greate1· Hartford, 
Conn. area over an eight-year period. I do not propose to dis
agree with or dispute autho1·ities in the horticultural field who 
have had vastly mo1·e extensive experience than I but rather 
submit to you fo1· you1· consideration my pe1·sonal experiences. 

For the purpose of simplification I will 1·efer to this group 
of deciduous azaleas as the Knaphill azaleas, but please realize 
tha.t I include the Exbu1·y azaleas as well. Pe1·haps I might 
touch b1·iefly on their histo1·y so that we may share a common 
base of unde1·standing. The Knaphill azaleas are predominately 
N 01·th Ame1·ican i11 specific 01·igin in that six of the species in
volved in thei1· breeding a1·e native to this country, namely: R. 
viscosu1n, R. nudiflo1·um, R. calendulaceum, R. speciositm, R. 
a1·boresce1is, and R. occidentale. Although the Knaphill azaleas 
fi1·st began to appea1· in this country around 1950, their origin 
dates back as fa1· as 1860 when Anthony Watere1· began cross
ing the Ghent azaleas with the Chinese molle and the flame 
azaleas, R. calenclulaceum. To these c1·osses we1·e added addi
tional hyb1·ids, the Albican ( occidentale molle) and the sweet 
azalea ( a1·bo1·esce1·is). The Knaphill strain originated at Wat
erer's Knaphill Nurse1·y but was further developed by Golds
wo1·th N u1·sery; at Ilam Estate, Ch1·istchurch, New Zealand; 
and beginning in 1922 at Exbu1·y by Lionel de Rothschild. This 
extensive and interrelated b1·eeding therefore gives rise to four 
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sub-g1·oups of the Knaphill hybrids: the Knaphill, Slocock, 
Ilam, and Exbury. Most trade publications today make little 
differentiation other than to list them as Knaphill or Exbury 
hybrids. 

During the period that we have been growng the Knap-
hill hybrids, we have found them as a g1·oup to be completely 
winter hardy as well as tolerant of extremely dry summers. 
Although Lee (1) in his book on azaleas makes some rather def
inite zo·nal recommendations for growing these azaleas, I feel 
that they may be grown as fa1· north as a line extending be
tween Buffalo-Albany (N. Y.), Pittsfield-North Adams 
(Mass.), Conco1·d (N. H.) to Augusta (Maine). There are of 
cou1·se exceptions both above and below this line, but generally 
speaking I would defend this as an a1·bit1·ary northern limit. 
More difficulty is encounte1·ed with these plants as we move 
south since they do not tolerate the ext1·eme summe1· heat of 
the southe1·n states. I would agree with Lee that probably At
lanta, Georgia, is the most southerly point at which they may 
be grown successfully. 

Under no1·mal g1·owing conditions, we begin taking soft
wood cuttings in early June and have taken them as late as 
August 28th. We found that the optimum time for us to take 
cuttings of the Knaphill azaleas was a pe1·iod between June 
10th and June 15th when cuttings are still green, semi-soft but 
not sticky, and before apical buds are evident. Cuttings a1·e 
collected early in the day, dipped b1·iefly in a solution of Cap
tan-Seven ?Wiltpruf (2). d1·ained, and stored in plastic bags in 
a cool, shaded area until stuck. In p1·eparing our cuttings for 
the bench, lower foliage is stripped, the top is pinched and a 
light side wou11d is given whe1·e necessary. Cuttings are 
dipped in numbe1· th1·ee Ho1·modin and stuck in the beds. I 
prefer a medium of 100 % Eu1·opean sphagnum peat which has 
been thoroughly shredded, soaked and treated with Aquagro. 
Intermittent mist is cont1·olled with a time-clock applying an 
overhead misting sp1·ay for sixty seconds eve1·y six-and-one
half minutes. This interval is less frequent on cloudy days 
and is gradually discontinued after six weeks when rooting is 
appa1·ent. We maintain a bed temperatu1·e of 70 degrees F. 
and have found this to be very beneficial since without heat, 
bed temperatu1·es have sometimes d1·opped as low as 55 de
g1·ees F. in mid-July. Extreme tempe1·ature fluctuation has a 
delaying and often an inhibiting effect on rooting. 

Cuttings are lifted from the propagating benches after 
eight weeks and flatted for g1·owing on. G1·owth is continued 
under lights in the propagating house until Sept. 15th at which 
time the cuttings are placed in cold sash houses for the winter. 
Our normal flatting mix for 1·ooted cuttings is pure peat taken 
out of the benches but we have had difficulty in wintering 
cuttings since they seemed to dry excessively in the sash stor
age. After experimenting with various mixes which included 
soil, perl-lome, vermiculite, sand, peat moss and fertilizer, we 
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feel that a soil-peat-pe1·l-lome mix is most satisfacto1·y. ( 1-2-1 
by volume.) 

A recent method which we utilized is to plant rooted cut
tings directly in prepared beds in the sash houses under con
trolled conditions of heat and light. A minimum night termper
ature of 50 F. is maintained initially and these plants make 
continual root development. The minimum temperature is 
increased to 60 F. on Feb. 1st and lights are turned on Feb. 18th. 

Once cuttings have wintered their first winter and begin 
making new growth in early April (under normal storage con
ditions), they have passed the most critical period in their de
velopment. We have found that our most substantial losses 
occt1r in the period from rooting to outdoor bed planting. Un
less cuttings make some new growth p1·ior to the onset of cold 
weather, they are valueless by spring. 

Cuttings are bedded out in prepared beds during late 
April. Fresh peat moss is thoroughly rototilled into a sandy 
loam planting mix which is then fertilized with a castor pu
mice-cotton seed meal-triple superphosphate material (at a 
1·ate of 5 lbs. per 100 sq. ft.) Cuttings are spaced six-by-six in 
the beds and immediately mulched with shredded sugar cane 
p1·ior to shading with snow fence. Weeds have not been a ser
ious problem in the beds with a mulch but we have used Vapam 
as a soil sterilant on an expe1·iemental basis and have excellent 
weed control. 

We pinch the plants at time of planting to induce multi
ple branching. If new g1·owth is soft, we spray with Wiltpruf 
and have found this treatment to be beneficial. From time of 
transplanting until late fall, the plants receive no additional 
feeding and very little cultural care other than irrigation 
when necessary. Growth is continuous throughout the grow
ing season and most plants make up into a 10''-12'' grade by 
early fall. We remove the snow fence shade in mid-August 
to allow plants a gradual hardening process. 

When the g1°ound is frozen, we apply a salt hay mulch 
over the bedded liners and the field-grown two-year-old plants. 
This mulch is left on the plants until mid-March and is re
moved befo1·e buds begin to break. Larger plants are grown 
in fully exposed areas, receive no additional mulch in the late 
fall, and have withstood the rigors of winters in the northeast. 

To discourage damage by rabbits during the winter months 
and early spring, ,ve spray all plants with a solution of Ara
san 42-S ( 3) mixed with a spreader sticker. This spray is ap
plied in late fall and remains effective throughout the winter. 
Temperature should be above 40 degrees F. when application 
is made to insu1·e that spray material has an opportunity to 
dry during the day. Since we began using this repellent sev
e1·al years ago, we have encountered no damage from rabbits 
on any of our plants. 

In closing, I would like to leave with you my personal se
lection of the outstanding varieties as I have observed them: 
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red : Krakatoa 
Gibraltar 

orange: Ginger 
pink : Cecile 

Sylphides 

yellow: Annabella 
Old Gold 

white: Oxydol, Toucan 
bi-color: Pa vane 

Marionette 

(1.) Lee, Frederick P., The Azalea Boak, 1965. 
(2.) Cutting dip: Wiltpurf 1 part to 20 parts water 

2 TB/ gal Sevin 50 ~lo WP 
2 TB/ gal Captan 50% WP 

( 3.) Ar·asan 42-S 1 gal to 3 gal water 
1 pint sticker/ 4 gal. 

MODERATOR TUKEY: The three papers which have just 
been presented are now open for discl1ssion. 

CASE HOOGENDOORN : Did you try sand for the rooting of 
the viburnums? 

ANDREW KLAPIS : Yes) we did try sand but we did not get 
as successful rooting as we did when we used sphag11um moss. 

CASE HOOGENDOORN: In my expe1·ience it has been best 
to use a bed of about 8 inches of sand and a fog system and 
you'll get all of the varieties of viburnums to root and to root 
heavily. 

ANDREW KLAPIS: Our problem has been overwinte1·ing 
the rooted cuttings. By rooting the cuttings in flats with 
sphagnum moss we have been able to overcome this problem. 

JOERG LEISS: I ,vould like to ask Mr. Carville if he dips the 
entire cutting into the Captan-Wiltpruf mixture and does this 
not clog the stomates on the leaves? 

LARRY CARVILLE: Joerg, what we do is to make up a solu
tion of one part Wiltpruf to twenty parts water, two table
spoons per gallon of Sevin (a 50% wettable powder) and two 
tablespoons per gallon of Captan (50 % wettable powder). At 
the time we are making our cuttings we take this pail of cut
ting dip with us and take two or three handfuls of cuttings 
and plunge them completely into the pail of dip. The cuttings 
are then d1·ained in an empty pail and finally transferred to 
polyethylene bags. We feel that the Wiltpruf maintains the tur
gent condition of the cuttings from the time they are taken un
til they reach the propagation house. We do not feel that there 
is any deleterious effect of clogging the pores. 

MODERATOR TUKEY: we will now move into the second 
part of our program and the next speaker is Mr. John DeVisser 
from Rochester, New York. M1·. DeVisser will speak on ''Vi
burnums from Softwoods''. 
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VIBURNUMS FROM SOFTWOODS 
JOHN DEVISSER 

Rochester, N eiv Yot·k 

It is a great pleasure fo1· me to be here this afternoon and 
to talk to you on the sub.iect of viburnums. My father has 
been propagating now for well over 35 years. We propagate 
most plants including the shade and ornamental trees, ever
greens, g1·ound cove1·s, broadleaf everg1·eens and a great amount 
of pe1·ennials. I cannot say that p1·opagating vibu1·nums is as 
easy as th1·owing them on the ground but I feel they are easy 
to root as it is to germinate tomato seeds. Vibu1·num bitrlc
'tvoodi and Viburnum ca1·lesi are very easy to 1·oot. We try to 
take our cuttings normally about the end of June when the cut
tings a1·e long enough. This is normally when the second set 
of foliage is formed. The cuttings are normally four to five 
inches long. The cuttings are brought into the greenhouse, 
they are cleaned and dipped into hormone. Up to the last few 
yea1·s we had not used any hormone at all and have had excel
lent 1·esults. The process is quicker with the hormone. We have 
been using Hormodin #3 mixed with water. The cuttings are 
placed in a glass greenhouse shaded with lime. The ventilators 
and doors of the greenhouse are kept closed during the root
ing period to keep it as tight as possible. The medium used is 
.iust plain sand. We use equal parts of concrete and mason 
sand. The cuttings are syringed lightly about three times a 
day. On warm days the walks a1·e also watered down to keep 
the humidity as high as possible. We have had rooting in less 
than four weeks, particularly when we use the hormone. Or
dinarily it is about an eight weeks process. The cuttings af
ter rooting are potted in 21/2 inch clay pots. We tried .iiffy 
pots one year but this was not good for them. The root system 
stayed small and it seemed as though the pots absorbed the 
heat from the sun and did considerable damage. We use ster
ilized soil and mix it with sand and peat moss and vermiculite, 
if it is available. 'I'he pots are placed in a warm greenhouse 
to stimulate active growth before winter. They are then plac
ed in a cool greenhouse, maintained at about 50°F, in late fall 
and kept there throughout the winter. About the middle of 
Ma1·ch a liquid fe1·tilizer is applied and by the middle of June 
when they are 1·eady to be set out they are at a height of about 
nine to ten inches. The cuttings are normally taken off of three
yea1·-old plants. By carrying the cuttings in the greenhouse 
over winter we have very little loss. 

MODERATOR TUKEY: The next talk will be presented by 
Di·. Richard Stadtherr f1·om Louisiana State University, Baton 
Rouge, Louisiana. His subject is ''Magnolia g1·andiflora by 
Cuttings''. 
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MAGNOLIA GRANDIFLORA BY CUTTINGS 
R. J. STADTHERR 

Louisia1la State Unive1·sity 
Bato·1-l Rouge, Louisili1la 

Jl;Jag'rlolia g1·arldiflo1·a, the Southern Magnolia, has been 
p1·opagai:ed usually from seeds; ho\vever, since cultivars ar·e 
becoming mo1·e nt1me1·ous, a vegetative method of p1·opagation 
is needed. Graftage can be used; howe\re1·, this increases p1·0-
duction costs conside1·ably. Thus, propa,gation by cuttings was 
investigated. 

Enright (2) repo1·ted excellent 1·ooting, using cuttings 
taken in late sp1·ing or ea1·ly summe1·. Best 1·esults we1·e ob
tained using a 10-second dip in a 20,000 ppm IBA solution with 
cuttings wounded basally on two sides. Cuttings taken in Jt1ne 
and kept under inte1·mittent mist ave1·aged 84 to 88 % rooted 
after 63 days in the bench. 

Ma1·ch (3) repo1·ted that the cultivar, Freeman, was 
propagated by using semi-hardwood cuttings taken from .iu
venile plants. Ho1,nodin #3 was used and cuttings were 1·oot
ed in 8 weeks under mist. 

Use of .iuvenile trees for cuttings was also reported by 
Curtis (1) who used ha1·dwood cuttings taken in November. 
These cuttings from young, 4 to 6 foot trees, rooted readily 
when they we1·e wounded and treated with Hormodin #3 and 
given bottom heat of 75 to 80°F. Wate1·ing was done by hand 
and was heavy, especially after cuttings were stuck. 

Since procedu1·es varied greatly, an experiment was be
gun in 1964 to determine the best method of propagating a se
lected clone by Robbins Nu1·se1·y, Penderlea, N. C. This clone 
produces a narrow-pyramidal to colum11ar shaped tree. The 
ascending branches are filled with meliium-sized light g1·een 
leaves above with a dark b1·own tomentum beneath. The leaves 
are somewhat elliptical with slightly undulating ma1·gins and 
an acute point. 

Cuttings \ve1·e taken f1·om about 10 to 12 foot trees in nu1·
sery 1·ows. Cuttings had rooted well in some years but, gener
ally, rooting pe1·centages were ve1·y low. Cu1·1·ent-season veg
etative shoots ,vere collected in mid-June, 1964, put in plastic 
bags, sprinkled and placed in a 1·efrige1·ator at 40 'co 45°F. un
til the cuttings we1·e prepa1·ed fo1· treatment. 

Tip cuttings using the fi1·st five nodes, and leaf-bud cut
tings f1·om the 6, 7, 8 and 9th nodes were used for the mid-June 
and mid-July p1·opagation dates. All cuttings were wounded 
heavily with two, 1 to 1-1/2 inch thin, longitudinal slices on the 
base of each cutting. These soft to semi-hardwood cuttings 
were 6 to 8 inches long. The bottom leaf was removed. The 
controls were soaked in distilled wate1· for 80 seconds. Treated 
cuttings 1·eceived a dip of 10, 20, 40, or 80 seconds in a 5,000 
ppm IBA solution, which contained 50 'fo alcohol. Five cut
tings were used fo1· each 1·eplication with four 1·eplications. 
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Intermittent mist, averaging 2 seconds on per minute, 
was employed during 'r.he first week after the cuttings were 
stuck. 1\1:isting began a half hour before sunrise and was ter
minated an hour after sunset. The misting interval, after the 
first week and throughout the remainder of the 1·ooting period, 
was about 1.3 seconds on per minute. The medium was equal 
parts of German peat and coarse perlite. Bottom heat between 
75 to 80°F. was used. The g1·eenhouse was air-cooled with 
day temperatures ave1·aging 75°F. with night temperatures 
in the sixties. The greenhouse was shaded, allowing about 
60 o/,J of sunlight to ente1·. 

Practically none of the June cuttings, which were very 
soft. rooted. Ct1ttings taken in July, August, and Septembe1· 
rooted. For the July cuttings, which were taken July 15 and 
removed October 22, all t1·eated ones rooted significantly bet
ter than the controls. The means for the 10, 20, 40, and 80 sec
ond dips in the IBA solution were: 90, 100, 100, and 85 pe1·
cent respectively. The control mean was 15 o/o. Rooting per
centages in the leaf-bud cuttings were unsatisfactory comme1·
cially; thus, they were not continued in subsequent tests. 

For the August 18 cuttings which were rated December 
14, the same procedure was followed as i11 July. The means 
were fo1· the 10, 20, 40, and 80 second dips. in IBA solution: 
100, 85, 75, and 35 percent respectively. The control percent
age was 15 percent. 

The mean average for the IBA treated cutting in Septem
ber was 20o/a. The control cuttings had none which rooted. 
Since none of the treatments gave satisfactory rooting, no fur
ther dates were used and trials in subsequent years were lim
ited to July and August. 

The experiment was contint1ed in 1965, using three treat
ments: a 10 second dip in a 5,000 ppm IBA solution, a 20 sec
ond dip in a 5,000 ppm IBA solution and the controls. The 
same procedures were followed as in 1964, except that 10 cut
tings were used per replication. Cuttings were taken from 
trees about 15 to 20 feet high on July 15 and August 18. Means 
for the July date were 78 % for the 10 second dip, 93% fo1· the 
20 second treatn1ent, and lO'fa for the controls. The IBA treat
ed cuttings rooted significantly better than the controls, both 
in numbers and in size of the root system. Means for the Aug
ust cuttings were 85, 80, and 3 percent, again indicating signif
icantly bette1· rooting fo1· the 5000 IBA treatment than the 
controls. 

Cuttings were taken in 1966, but, due to powe1· failures 
which occu1·red _just afte1· the cuttings we1·e stuck, reduced 
rooting percentages which we1·e below comme1·cial acceptabil
ity resulted. The experiment was continued in 1967. 

The 1967 cuttings were taken from young trees grown 
from the 1964 cuttings. They averaged about 5 feet high. 
Cuttings f1·om a second clone ''B'' we1·e also included. This 
clone has medit1m-la1·ge, dark, waxy g1·een leaves above and a. 
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heavy, rusty brown tomentum beneatl1. The thick, oblong 
leaves with an acute tip have prominent veins and smooth mar
gins. The trees are broad-pyramidal, having dense ascending 
branches. Trees flower when they are young, usually in mid
July and August. Bright red fruits, heavy with seeds, follow. 
Growth of the trees is fast, and young trees fill out well. 

Procedures were varied only slightly in 1967. Once cut
tings were stuck, a Captan drench, using 3 tablespoonfuls 
(50WP) in 4 gallons of water, was apJ)lied biweekly. Every 
four weeks a 20-20-20 soluble fe1·tilizer \Vas applied at the rate 
of 1 oz./7 gal. water. Several different treatme11ts were used. 
These and the rooting percentages for the two clones are given 
in Table 1. 

In the July trials all hormone treatments gave significantly 
higher rooting percentages than in the controls, as well as 
b_etter root systems. The most initials and greatest branching 
of roots were seen in the IBA treatments. Although no signifi
cant differences were noted among growth-promoting treat
ments and the controls in clone ''B'' in August; nevertheless, in 
most cases, roots in the control were very small with usually 
only one intial. 

T,1l>le 1 Root111g fJc1ccn1,1gc~ 1<11· Mag110/1a grnnd1flora ct1tti11gs in 1967. 

Treatment 

5000 ppm IBA 
5000 ppm IBA 
Jiffy Gro 33- l/: o/,J 
5000 ppm & 100 ppm 
Chloromone 33- l/: o/o 
Control - water 

1Cutt1ngs removed Octol1cr 4 
.!Ct1tt1t1gs remo\•cd No\· 2 

Bo1·on 

10 sec. 
20 sec. 
10 sec. 
20 sec. 
10 sec. 
10 sec. 

Clo11e ·'A"' Clone ''B'' 
Tl1ly 11 1 Alig 16.! July 11 1 A11g 16:.? 

82.5 90.0 85.0 95.0 
87.5 72.5 85.0 95.0 
87.5 67.5 87.5 90.0 
90.0 60.0 85.0 87.5 
82.5 57.5 85.0 77.5 
27.5 45.0 45.0 80.0 

In conclusion, with the two cultivars used i11 this experi
ment. propagation by semi-hardwood cuttings taken from 
mid-July to mid-August rooted satisfactorily if they were 
treated with 5,000 ppm IBA solution for 10 to 20 seconds. Cut
tings were rooted under inter1·upted mist, with the mist on 
about 1.3 seconds out of every minute from a half-hour before 
sunrise to an hour after sunset. Bottom heat between 75 to 
80°F was employed. The three-year mean for the mid-July 
cuttings dipped for 10 seconds for the 5,000 ppm IBA solution 
was 83.5 o/,J, while for the mid-August cuttings, 91. 7 % . 

Ll"J'l~R1\ Tl l RF. ClTF,D 

I. C111t1~. \V J t<lfi:, R<>0!111g of 1\·fa,e;no/1a g,r111rlif/01a. l'1oc I11t. l'l P1op. 
Soc I:, 142-143 
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2 1~111 igl1t, L J. 1958 Rc~po11sc of l\1agno/,a giand1f/01a a11d sevc1·al species 
of Berl)ct 1s to 1 01,1 pt om,it1ng cl1en11cal ti cat111c11ts l't oc. l'l Prop Soc. 
8·67-69 

'l J\,f,11ch, S C. JC)f,2 l<'.xcc11>ts [11,111 1111c~tio11-a11s,ve1 pc11ocl l'1<>C 1'1 Piop. 
Sc>c 12 127 

MODERATOR TUKEY: Our next speaker comes from Okla
homa. Mr. Henry Walter is from the Park Department, Okla
lahoma City, and he will talk about ''Propaga.tion of Hibiscits 

. . ', r·o.<;ea-si11,en.si.<; . 

• 

PROPAGATION OF CHINESE HIBISCUS 
HENRY WALTER 

Park Department 
Olcla,lioma City, Olclahoma 

The Oklahoma City Park Department yearly grows 
about 3000 Chinese hibiscus plants which a1·e used as annuals 
in its parks. Being not only concerned with the propagatio11 
and production, the behavior of the plant in the parks is also 
of primary importance. After testing well over 150 varieties 
of Chinese hibiscus, a few have been selected which are pro
duced in the above mentioned quantities. Ease of propagation, 
vigorous growth, abundance of flowers, as well as all-st1mme1· 
performance, are the key factors used in variety selection. 
Over 100 varieties are still grown in the display gardens and 
the testing continues as new selections become available. Most 
of the so-called ''show varieties'' are produced on a two year 
basis; that is approximately nineteen months from a cutting to 
a planting sized hibiscus. We will limit our remarks to the 
varieties that are produced in one growing season. 

Washed sharp sand is used as a rooting media. This is 
placed in a well drained propagating bench with thermostati
cally controlled bottom heat. Tests seem to indicate that a 
mixture of 1/3 sharp sand, 1/3 peat moss and 1/3 Perlite 
gives excellent results. Additional tests will be conducted with 
this media. Cuttings are made in September. The condition 
of the cutting wood determines how early in the month propa
gation is started. Tip cuttings are used and these are usually 
6 to 8 inches long, depending on the vigor of the plant. All flow
er buds are removed. Usually about 2/1 of the lower leaves are 
stripped and the final cut is made .iust below a bud. Wound
ing by removing a one inch sliver on one side of the cutting 
promotes a better root system as these plants are callus root
ing. The cuttings are treated with Hormodin No. 2 powde1· 
prior to insertion in the sand whe1·e they are packed tightly in 
place. The use of Hormodin No. 3 is often desirable on some 
of the more difficult to root varieties. Tests are also being 
conducted with Jiffy-Gro which to date are promising. It is 
usually necessary to cover the cuttings with paper during the 
day fo1· a few days. This is especiallJ' true if the weather is 
extremely b1·ight and hot. A minimum temperatt1re of 65 de-
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g1·ees is maintained in the propagating bench. Very often the 
cuttings are rooted before it is necessary to apply this heat. 
Frequently short cold snaps necessitate artificial heat. The ef
fects of an application of Ferti-lome Root Stimulator (16-36-
11 plus some trace elements) when rooting first starts is be
ing investigated, and while the 1·esults are encouraging, not 
enough data has been accumulated to "\\'arrant a recommenda
tion one way or the other. Those varieties that are grown in 
large numbers usually root in from eight to ten weeks at which 
time they are potted in 31/2'' pots in a potting mixtu1·e of 3 to 4 
parts of loam and one part of Canadia11 peat. The tops are 
pinched at potting time. The young plants are grown in rais
ed benches with a minimum temperature of 60 degrees. By 
mid-January the young hibiscus are 1·eacly to be shifted into 5'' 
pots in which they are car1·ied until planting time, the last 
week in April. The g1·owing plants a1·e pinched four or five 
times as new g1·owth 1·eaches a length of 2 to 3 inches. This 
insu1·es well branched stocky plants that produce a good crop 
of flowe1·s all throt1gh the g1·owing season. Once the plants 
are in 5'' pots, and incidentally they are well spaced on the 
bench, they are fed with liquid plant food approximately every 
four to six weeks, depending on l1ow they are developing. It 
is realized that the cost of producing plants of the quality de
scribed would not be profitable for a commercial g1·owe1·, but 
in park work the Chinese hibiscus in Oklahoma City is an ex
cellent choice and will give a good display until it freezes, ,vhich 
is usually about November 1. 

Hibiscus can be successfully veneer grafted, and this 
method is desi1·able when one or two scions of a new variety are 
obtained. They are handled in a grafting case the same as 
magnolias, hollies and .iunipe1·s. T-budding can also be em
ployed, but it takes some time to develop a tisable plant by 
this method. 

The Chinese hibisctis lends itself to g1·owing as standards 
and in areas whe1·e they a1·e not killed by f1·eeze, these make 
wonderful accent plants. Interesting and conversation pieces 
can be secured by T-buddi11g several va1·ieties into the top of 
a standard. Best results a1·e obtained if the te1·minal of the 
standard is cut out once it has reached the desi1·ed height and 
the budding is done on the 1·esulting side b1·anches. One caution 
- be sure that va1·ieties selected for budding are of about equal 
vigor as a strong growing variety can often dwarf the weake1· 
g1·owers on the same standard. 

MODERATOR TUKEY: At this time we have an oppo1·tt1nity 
fo1· questions on the p1·opagation of hibiscus, magnolias and 
viburnums. 

MARTIN USREY: Have you compa1·ed grafting and bud
ding of magnolias with the 1·ooted cutti11gs? vVe bud and g1·aft 
ours in Califo1·nia. 

RICHARD STADTHERR: No, we have not made any compa1·
isons. We feel that the 1·ooting of ct1ttings is mt1ch more eco-
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nomical than budding and grafting. Also, you avoid the prob
lems of stock-scion interactions by the use of cuttings. 

MARTIN USREY: We find that we have better and faste1· 
1·es11lts with our plants when they are budded and grafted and 
when we grow them f1·om softwood cuttings. 

VOICE: I would like to ask John De Visse1· about his ex
pe1·iences using the peat pot. ,v e have had very good success 
with it. 

JOHN DEVISSER: This has not been only our experience 
but a lot of the local people have had similar results. If you 
do not rip off the top of the peat pots when you plant them 
011t in the field, the sun will heat the pots and damage the root 
system. Also, the 1·oots do not seem to go through the pots 
and the roots .iust do not look healthy. The pe1·fo1·mance of 
the plants in peat pots was not equal to that of the plants that 
had been g1·own in clay pots. 

JIM WELLS: I believe your p1·oblem ,vith the peat pot is 
that you treated the peat pots the same as you t1·eated the clay 
pots. You cannot do that. You have to lea1·n how to handle 
the peat pots or .iiffy pots in order to get good results. What 
works for one will not necessarily for the othe1·. 

CASE HOOGENDOORN: Does it make any diffe1·ence as to 
whe1·e you obtain your peat pots.? There are quite a nt1mbe1· 
available and I question whethe1· they all perform in the same 
way. We have had one batch of peat pots that after the plants 
were in them became covered with a white mold. What do )'OU 

make of that? 
PETE VERMEULEN: We have had the same expe1·ience, 

Case, and although it is a little f1·ightening, we found that it 
did not effect the plants in anyway. Some years we have it 
and other yea1·s we do not. We have not had it the last few 
years. I would like to make a comment on Mr. DeVisser's 
p1·oblem with the peat pots. I do not believe that the problem 
is one of heat, rathe1· I think it is evapo1·ation. The rim of the 
peat pots sticking above the soil acts as a wick and all of vour 
moistures evaporated out of the pot. If you plant the· pot 
deepe1· so that the 1·im is below the soil level, you will not have 
~1.ny p1·oblem. 

MODERATOR TUKEY: Ou1· next speake1· comes from Penn
sylvania, The Cona1·d Pyle Company, and will speak on a com
plete system fo1· producing rhododendrons. He is M1·. Richard 
Va11derbilt. 



SYSTEM OF PRODUCING BUDDED CONTAINER-GROWN 
RHODODENDRONS FROM CUTTING TO TRAILER 

RICHARD VANDERBILT 
The Conard-Pyle Co. 
West G1,ove, Penna. 

Stock plants are the basis of the crop. I feel that more 
predictable results may be obtained, if a separate block of rho
dodendrons ciisti11ct from the saleable crop is maintained fo1· 
use as mothe1· plants. Stock plants need a certain amount of 
studied neglect if the cuttings from them ar·e to root strongly 
and quickly. 

All of ot1r rhododendron stock plants are grown in bushel 
baskets. We feed every other time we water t1ntil the first of 
July. We discontinue feeding stock plants from this time on. 

In the micldle of July stock plants will be budding up 
heavily. We remove the flower buds to produce another 
growth. Our cuttings will be either single second growths 01· 
multiple first and second growths if the cutting originated from 
a branch that was not cut, the previous year. Cuttings a1·e 
made in September, treated with a combination of IBA, Phy
gon and Boric Acid in talc. After twelve weeks they are lift
ed and potted into 1-quart Polytainers. This potting is a vari
ance for us. Formerly, we benched the cuttings in peat moss. 
We found that cutting them out of the peat moss prior to can
ning did have a definite slowing effect on the development of 
the plants. 

We use a potting mix of peac moss-Perlite 50-50. No 
limestone or superphosphate is used in the mix at this time as 
the cuttings seem to resent these additions. We water in 
Dieldrin at the rate of 4 lbs. actual material per acre plus Geigy 
Chelate NaFe at the rate of 2 ounces per hundred square feet 
after potting. The potted cuttings will receive one feeding of 
20-20-20 at the rate of 4 ounces to 100 gallons of water at this 
time. This is enough feed until they begin active growth. The 
potted cuttings are kept in a greenhouse under 40 degrees 
night temperature, and as cool as possible during the day, for 
20 days. The temperature is then raised to 65 degrees and 
supplemental cyclic lighting is given six minutes out of every 
half-hour from 8 p.m. till 4 a.m. Minimum intensity should 
be 20 foot candles at the darkest spot. 

Another feeding of four ounces 20-20-20 to 100 gallons of 
water is given when soil tests indicate a nitrate level under 7 
or 8 parts per million. In practice this works out to one feed
ing a month at this very low dosage. This is an extremely low 
level and safe if not used too often. It is suprisingly easy to 
build up an excess of nitrogen during the dark months of Feb
ruary, March a11d April. Later in the spring, soil tests fre
quently indicate that this feeding be increased to once every 
two weeks. 

After the 15th of May the yot1ng liners are ready for shift-
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ing into a la.rge1· container, in the field. Farm wagons, load
ed with the potting mix, a1·e tracto1· pulled a.long the bed where 
the plants are to be placed. Canning is done on the wagons. 
The plants are placed immediately in a shaded quonset house. 
This is our quonset type overwintering structure and the 
plants will remain he1·e the entire summe1· and winter. The 
houses have been covered with 4-mil white opaque polyethylene 
in which we have made 5'' - 6'' circular holes to allow the heat 
to escape. Over a 4 to 5 week period the number of holes are 
gradually increased and at the end of 5 weeks the plants are 
in full sun. Any variety that gets sunsick will be kept shaded. 

Selection of the container and of the soil mix a1·e very in
te1·1·elated. Drainage in the soil mix within the containe1· is 
.i ust as critical as it is in bed 01· field culture. 

The soil mix in the container behaves differently from the 
same mix under field conditions. It will tend to be less well
drained because of the limited depth of the container. More 
wate1· stays in the lower portion of the container because it is 
such a limited column of soil. 

We are after a mix so well-d1·ained that there is not enough 
excess water available to allow the gi·owth and development 
of the rhododend1·on root rot fungus. Phytopth,01·a r:in,n,amonii. 
In practice the lighter the mix and the more air in it, in rela
tion to water, the less root rot there will be. 

The soil mix we use is 50 % peat and 50 '1<) coarse sand. 
Disease problems aside, any ratio up to and including 100% 
peat does a good .iob. The higher the peat level, howeve1·, the 
greate1· the danger of Phytopthora. 

The canning mix is modified by the addition of: 
10 lbs. Dolomitic limestone 
3 lbs. Hi-Calcium limestone 

10 lbs. Pulverized 0-20-0 
Notice that we are applying very heavy amounts of limestone 
and superphosphate to the canning mix. Available phosphor~ 
ous in the soil is the single most important key to early, heavy 
budding of rhododendrons. The limitation of available phos
phorous is the chief cause for 1·hododendrons failing to bud. 

Poor rhododendron budding in young stock or only spor
adic budding, used to be almost a universal phenomenon. This 
is easily understood when we look at the behavior of phosphor
ous in soils. Phosphorous tends to be most soluble when the 
pH of the soil approaches 6.5 - 7. and practically insoluble at 
a low pH such as 3.8 - 4.5. At the lower pH the soluble phos
phorous reacts with iron and aluminum. These elements be
come available in abundance at these low pH levels, ancl com
bine with the phosphorous to form totally unavailable iron 
phosphate and aluminum phosphate. 

To make e11ough phosphorous available to produce heavy 
bud set is very difficult at a low pH, because of the i1·on and 
aluminum acting to lock it up. 
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A rhododendron growing at a pH of 6.5 - 7. normally looks 
quite sad. True, phospho1·ous is available, but iron is now to
tally unavailable within the plant. Result: Chlorosis and 
Death. Frederick Street, of England, has a couplet abot1t this 
in his catalog: 

'' A rhododendron set in lime, 
Looks like a curate doing time." 

Chelated i1·on is the material that allows us to keep both phos
phorous an iron available to the rhododend1·on. 

While we can gro,v rhododendrons at a very high pH, we 
do not want the pH any higher than necessary to insure heavy 
bud set. The danger of Phytoptho1·a will inc1·ease as the pH is 
raised. A comp1·omise level is pH 5.5 - 5.8. The limestone 
1·ates indicated earlie1· will put the pH in this 1·ange if a ve1·y 
acid sphagnum peat moss is used-pH 4.0. 

This initial applica.tion of phospho1·ous is fu1·the1· bolstered 
by the fe1·tilize1· 1·atio we use in ou1· feeding program. We use 
a material with a ratio 9-45-15. It was actually formulated 
as a ''plant sta1·ter'' for seedling transplants. We start feed
ing with this as soon as the plants are can11ed. We make a 
stock solution of 1 lb. to 1 g~llon of water. This stock solution 
is proportioned out at the rate of 1 gallon to 200 gallons 
of water. This feeding is given every othe1· irrigation. We 
continue feeding at this rate until August 15th. It is the11 
lowered to one-half this rate. The following spring we start 
feeding as soon as the plant.s need water at the higher rate 
mentioned. The rate is lowered again on the 15th of August 
of the second year to the lower level. 

Dieldrin is applied again as :coon as the plants have been 
canned. Fou1· pound:,,. actual material per acre. 

Geigy NaFe is applied at this time. Two ounces pe1· 100 
square feet. The N aFe is applied again, at the same rate, the 
following spring. The Dieldrin and the N aFe are applied 
th1·ough ou1· proportioners. 

The type of containe1· also determines how a given mix 
will behave. A metal 01· plastic containe1· with holes in the 
bottom will not allow as much drying out or aeration as the 
same container made of woven wooden strips. 

A mix that has 1·oots thoroughly dispersed throughot1t it 
will keep the entire soil area at a lower and mo1·e even moisture 
level than the same mix with only 10 '}{J of it pe11etrated by 
roots. This means that overpotting can be a 1·eal danger be
cause of disease build-up in the unused soil that stays wetter. 

We feel tha+ a le1·io 2-gallon container is too small for 
two growing seasons. We have found that we get practically 
double the plant size if we shift the one-year 2-gallon into a 5-
gallon lerio can fo1· its second season. However, if we place the 
liner into a 5-gallon container the first year, we run into root 
rot problem. This shifting f1·om 2's to 5's soon becomes a mas
sive .iob whe11 the1·e a1·e la1·ge c1t1antities involved. We have 
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noticed that when we use bushel baskets fo1· growing Olt1· stock 
plants that Phytoptho1·a is never a p1·oblem, 1·egardless of plant 
size. My st1pposition is that this is because of the tremendous 
increase of air into the n1ix; it then follows that there must be 
less free water to b1·eed and spread the disease. The basket al
so keeps the soil coole1· than does a metal can and this also de
creases the chance of Phytoptho1'a. 

We are going to can ou1· 1·hododendron liner·s into a l-t1ua1·
te1· bushel basket. While only two gallons liquid measure, it 
is the equivalent of three trade gallons. This will allow us to 
get our desi1·ed size in two yea1·s ,vithout shifting and ,vithout 
the disease problem of an ove1·size solid containe1·. 

Pinching of the plants. began in the g1·eenhouses and is 
continued the entire fi1·st summer. 

Second year ca1·e is feeding and wat.e1·ing. Buddi11g will 
start in early July of the second yea1·. 100% budding may be 
expected with this system. 

Our spray program, which was done weekly in the green
house, is reduced to once every 3 weeks in the open. The choice 
of sp1·ay mate1·ials is vast. We use and find safe, DDT, Dia
zinon, Parzate and Kelthane. While the1·e is some overlap here, 
we find that this combination does a fine Job on mites, all leaf 
spot fungi and most all insects except fo1· leaf 1·olle1·. For this 
we use, Thiodan by itself. 

We have found monthly applications of Dexon to pay their 
wa.y in greatly reducing the incicience of Phytoptho1·a. There 
seems to be some cont1·ove1·sy about whether this material 
wo1·ks. We feel that it is very useful as a p1·eventative, but it 
is not as a cu1·e. 

Winter protection is p1·ovided by covering the t1uonsets, in 
which the plants have been growing, with 4-mil white polye
thylene. 

We have found a system of order filling that works 
smoothly for us. Ou1· containe1·s a1·e pl1lled by customer order 
and placed on pallets that a1·e on a fa1·m wagon. A wagon 
holds eight 4 ft. x 4 ft. pallets. Each pallet has a 12-inch ga1·
den label placed in one can showing the trailer load number 
and the stop numbe1·. After loading the wagons a1·e pulled to the 
loading dock, and the pallets removed by forklift. They are placed 
on the floor of the shed by t1·ailer load numbe1· and stop num
be1·. as shown by the 12'' label in each pallet. These nt1mbe1·s 
a1·e the guide and key to the "'hole loading ope1·ation. It is nec
essa1·y to have the mate1·ial fo1· any t1·ailer all pulled befo1·e 
the loading of that traile1· begins. The loading on the trailer 
is done by a small forklift. It picks up the pallets sequentially 
and car1·ies them di1·ectly into the t1·aile1·. They are checked 
and then stacked or decked depe11ding on tl1e type of load. 

MODERATOR TUKEY: Thank you ve1·y much, Dick, for a 
ve1·y interesting paper. Ou1· next speaker will speak on the 
sub.Ject of ''Bench Grafting Black Walnuts''. The speake1· is 
Mr. Albert Ferguson. 
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BENCH GRAFTING BLACK WALNUTS 
ALBERT B. FERGUSON 

Liriri County Nu1'series 
C e1-ite1· Point, I O'tva 

Some fo1·ty year·s ago, some members of the Northern Nut 
Growe1·'s Association began to test bench grafting walnuts. 
When I came to Center Point, in 1935, to work for Davis Sny
der, p1·op1·ieto1· of the Linn County Nurse1·ies, which was com
monly known as Snyder Bros. Inc., Mr. Snyder was bench 
g1·afting walnuts. He was using a very similar method to the 
one we now use. 

One yea1· seedlings are dug in the fall and g1·aded, taking 
out the small 01· the light grade, including trees that have a 
1·adical contortion Just above the root. Also, the real large 
grade was generally g1·aded off as being too large to match 
the better scionwood. 

The 1·oot stock is stored with the 1·00.:s buried in packing 
material, peat, sawdust or sphagnum moss or a mixture of 
them. 

Scionwood is generally collected on warm days in Feb
ruary or ea1·ly March. Scions of about three eighths of an inch 
are preferred, but five sixteenths to one half of an inch are 
okay. 

The 1·oot stock is taken out gene1·ally in March, the tops 
cut off about an inch above the collar or where the roots begin. 
The roots are also cut off to about six inches in length. 

We still use an old foot operated vise to hold the root stock. 
With the one inch top stub facing the operator, he cuts, using 
a side, or sometimes called modified cleft. The knife is insert
ed at an angle from near the edge of the bark into approximate
ly the center of the stub, where the top and crown meet. The 
knife is held with the point forwa1·d at about forty five de
grees making a deeper cut at the t.op than at the bottom. The 
scion is cut with a matching wedge, each side being approxi
mately an inch 1011g, one tip longer than the other. Scions four 
inches to five inches long a1·e generally used. Where the nodes 
are rather far apart, we cut so there is a bud about one half 
inch below the tip. 

As soon as the scion has been inserted into the under
stock, they are fi1·mly tied with 1·egular g1·afting tape. They are 
sometimes dipped in hot wax, especially the tips of the scions, 
but occasionally the whole scion is dipped. They are stored in 
an t1pright position in a g1·aft box, packed in peat or peat mix
tu1·e, that is quite moist, but not wet. 

Mr. Snyder used to use electric cable under the graft box 
for two 01· three weeks, with tempe1·ature of about seventy 
five degrees, until the plants were well calloused. They need to 
be checked occasionally to see that the packing material is not 
drying out. When the buds begin to swell, the graft box is 
set in a cold 1·oom until planting time. As they are planted in 
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the field, they must be desprouted as most plants will send up 
strong suckers beside the graft union. We like to pla.nt deep, 
leaving only an inch of scion showing. 

The first year in the field, they seldom make over a foot 
g1·owth, but the following year often times g1·ow from three to 
six feet. These plants seldom form a tap root. Most of them 
have a good root system. Some will have one or two lopsided 
roots. 

As to the percentage of takes, I wish we could say we usu
ally get a high percentage, but the fact is that it is usually quite 
poor, with some years near total loss. In some years, we didn't 
have ou1· own seedlings, we have attempted to buy some from 
the trade, but have never yet been successful with these. Some 
years, we haven't had the best of scions and sometimes the 
grafts have been neglected through the callousing stage. Nor
mally if we can get fifty percent su1·vival, we consider we have 
done quite well. The late Mr. Bernath of Poughkeepsie, New 
York, potted all of his walnuts in clay pots in the greenhouse, 
gra.fting them after new growth started, like you would a pine 
or spruce. 

In summary, I feel the essentials in successful bench graft
ing, as we do it are: 

( 1.) Choice one yea1· seedlings, moderate size, stored 
carefully. 

(2.) Thrifty scionwood of near three eighths of an 
inch in caliper. 

( 3.) Good grafting technique 
( 4.) Firmly w1·apped. 
(5.) Calloused on a quite warm bench, with ade<1uate 

moisture. 
( 6.) Thorough desucke1·ing. 
(7.) Careful planting with only the tip of the scion 

showing. 

Often times desuckering afte1· new growth has started 
will save plants that otherwise would be lost. 

We aren't entirely happy with this process. Spring graft
ing in the field on freshly undercut one year seedlings would 
probably give a much higher percentage of takes, but we sim
ply don't have time to do it in late May. We have tried sum
mer budding, using various techniques, but with poor takes. 
The varieties we g1·aft are Meyers, Sparrow, Horton and 
Thomas. The Persian Walnuts are not reliably hardy with us. 
Their wood nea1·ly always suffers f1·om winter injury. Fall 
collected scionwood carefully stored, would probably be okay. 

MODERATOR TUKEY: Our next talk comes from Oklahoma. 
M1·. Ben Davis is going to talk about ''Pecan Grafting Out
doors''. 
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OUTDOOR GRAFTING OF PECAN 
BEN DAVIS II 

Ozark Nur·series 
Tahlequah, Oklahoma 

1'he1·e is actually nothing unusual about ou1· method of 
g1·afting pecan 'c1·ees at Ozark N u1·series. Our application of 
this method to our pecan propagation schedule is, however, dif
ferent from the practices of most pecan growers. Budding is 
our primary method of pecan propagation with grafting being 
used as a follow up. Pecan seedlings are budded during their 
second summer of g1·owth, during the month of Augus'c. The 
following spring all seedlings in the same block are grafted; 
(1) which were too small at the time of budding or; (2) on 
which the bud failed to take. The grafts and buds then start 
g1·owth at approximately the same time. This gives us a larger 
pe1·centage of trees from a given block of seedlings than we 
might otherwise get. This is especially desirable since all of 
our trees are machine dug and it would be impossible to leave 
the seedlings for budding the following season. 

The grafting is done in the spring just as soon as the sap 
starts to rise in the stock. This is determined by watching the 
seedlings for signs of terminal bud swelling. Grafting is be
gun just a.s soon as this swelling is detected in the most ad
vanced seedlings. Grafting must be completed before the bark 
starts to slip on the stock. The scion wood used is one year 
wood cut during the winter and kept in cold s.torage until 
grafting time. The method of grafting used is the ordinary 
whip and tongue gra.ft. 

Grafting is done as low on 'che stock as possible, but the 
height varies somewhat in order to match the size of the stock 
and scion as much as possible. Extra large seedlings are cut 
off with lopping shears and the graft is made on the side of 
the stock. On the la1·ger seedlings i'c is necessary to set the 
scion in from the side of the stock, othe1·wise the cambium will 
not match due to the differing thicknesses of bark on the stock 
and scion. On seedlings on which the bud has failed, the graft 
is made so that the lower point of the graft will be on the op
posite side of the stock from the bud scar. 

The grafts are wrapped with cloth backed grafting tape 
which is one-half inch in width. The wrap is started at the 
lower point of the graft union, lapping one-half of the tape on 
the stock and one-half on the scion. The tape is wrapped up
wards in a spiral, lapping as little as possible and taking care 
to keep each round absolutely as tight as possible. If the graft 
is properly made and wrapped, it should be possible to grasp 
the tip of the scion and wiggle the stock without be able to de
tect a.ny movement in the joint. It is important that too much 
tape not be used as this multiplies the problem of girdling when 
the graft begins to g1·ow. It is better to have small gaps in 
the tape than to lap too much. Since the ta.pe is expensive, using 
too much is also a wastful addition to production costs. 
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After the grafts are w1·apped, they are sealed with a water 
emulsifiable aspha.lt. This material is a by-product of the pet
roleum refining industry and is very inexpensive. The ma
terial is applied with a one inch paint brush, covering all of 
the tape and the tip of the scion. We discontinued using graft
ing wax about three yea1·s ago because the asphalt is cheaper, 
it is used just as it comes f1·om the barrel and it requires no 
heat. When using g1·afting wax it is very difficult to get the la
bore1·s to keep the wax at the right temperature. They either 
get it boiling hot and scald the gra.fts or they let it get so cold 
that it will ha1·dly tu1·n loose of the b1·ush. We noticed a defin
ite improvement in ou1· stands of grafts when we abandoned 
wax in favor of the asphalt. There is one disadvantage to the 
asphalt. It tends to preserve the grafting tape much better 
than wax so that, in some cases, the tape does not rot before 
it begins to girdle the graft. We overcome this difficulty by 
cutting through the tape on two sides of the graft with a razo1· 
blade at the time the grafts are staked. 

After the grafts and buds have made about twelve inches 
of new growth a steel stake is placed by each one and they are 
tied with plastic ribbon. It is at this time that the grafting 
tape is cut as previously desc1·ibed. Periodically throughout 
the summer the trees are retied to the stakes as growth neces
sitates. 

MODERATOR TUKEY: Now is the opportunity to ask these 
three fine speakers any questions you may have. 

VOICE: Would there be any advantage to covering the en
tire scion with asphalt tape? 

BEN DAVIS: The whole scion is not covered. The asphalt 
is only over the grafting tape around the graft union. I do not 
see any advantage in covering the entire scion with the as
phalt solution. We do put a little dab on top of the scion on the 
cut surface to prevent it from drying out. 

VOICE: I would like to ask Dick Vanderbilt how much 
running around of the roots does he experience in the one- and 
two-year containers? 

DICK VANDERBILT: We have had very little because we 
shift the plants to larger containers. I imagine if you allow 
the plants to remain in the two gallon containers for more than 
two years, you would run into problems. With the five gallon 
containers it would probably take three or four years before 
you would have any difficulty. 

ARIE RADDER: I would like to ask Dick Vanderbilt if he 
has taken any solubility readings? 

DICK VANDERBILT: The Solu-Bridge readings are rarely 
over 25. 

BRUCE BRIGGS: Do you use incandescent light and what 
type of a cycle do you use? 

DICK VANDERBILT : We do use incandescent lamps. The 
cycle is six minutes on in every thirty minutes from eight in 
the evening to four in the morning. 
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VOICE: Are you using Dexon as a preventative or an erad
icant for Phytopthor·a on rhododendron. 

DICK VANDERBILT: The only eradicant for Phytoptliora 
is a fire. 

VOICE: In our expe1·ience it doesn't seem to be a preven
tative either for as I understand it, it breaks down in the pres
ence of light within twenty-four hours. 

DICK VANDERBILT: We put it on with wate1· and wate1· 
thoroughly so that the material is right down to the bottom of 
the can. There is not too much light there. It's true that if 
you put it on a dry form on top of the can, there will be no ben
eficial effects. It must be in solution and applied in large 
enough quantities so that it will be distributed right to the 
bottom of the can. 

VOICE: D'o you observe any root damage when using the 
higher rates? 

DICK VANDERBILT: No, we have not observed any prob
lem. 

JIM WELLS: Dick, you said that you kept your rhododen
dron stock plants in a condition of studied neglect. Would you 
elaborate on· this phrase and tell us what it means and what 
results and value you obtain from a condition of studied neglect? 

DICK VANDERBILT: The only thing it means is that by the 
time we take our cuttings, the plant has run out of gas. If we 
continue to feed the plant as we would a plant which was to 
be sold, we would have much more trouble in rooting because 
of the high nitrogen level. By limiting our fertilization to a 
light feeding in April, the cuttings are .iust in the right con
dition by the 13th August. 

JIM WELLS: Do you think you get !Jetter rooting from the 
gasless cuttings? 

DICK VANDERBILT: There is no doubt that we do. 
HANS HESS: How do the wooden baskets stand up dur

ing the time pla.nts are growing in them and until they are 
ready for sale? 

DICK VANDERBILT: They are dipped in a 2% solution of 
coppe1· naphthenate and at the end of three years time there is 
absolutely no deterioration. The baskets are set on black poly
ethylene. 

PETE VERMEULEN: Why did you ttse 2% copper naph
the11ate? I understood from some research at Ohio State that 
1 % was satisfactory. 

DICK VANDERBILT: We dipped some wooden bands in 1% 
copper naphthenate and they broke dO\\'n whereas if we use 
2%, there was no problem of deterioration. 

BRUCE BRIGGS: Are your stock plants fed a 1-1-1 ratio'! 
DICK VANDERBILT: No, we use the same ratio as we do 

for our other plants - 9-45-15. 
BRUCE BRIGGS: Do you ever encounter any injury on root

ing from the high phosphorus level? 
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DICK VANDERBILT: No, we have not run into any prob
lem of retarded root development. 

CHARLES SCHEER: Dick, have you checked the actual 
phosphorus levels in the containers when you use the high 
phosphorus fertilize1·? , 

DICK VANDERBILT: For some reason or another the read
ings vary all over the block. It is usually greater than 80 parts 
per ten million and in some cases, in excess of 200. It doesn't 
seem to make too mt1ch difference as long as it is above 80 per 
ten million. 

MODERATOR TUKEY: The fi1·st speaker on the last portion 
of our program today is Mr. James Law f1·om Stark Bros. Nur
sery. He will speak on ''Spray Programs and the Propagator''. 

SPRAY PROGRAMS AND THE PROPAGATOR 
JAMES LAW 

Stat·k B1·othe·1·s Nu1·se1·y 
Louisiana, Missou1·i 

The title of this paper may be a bit misleading. It 
sounds like I am going to give you a spray program to fit your 
propagation system. Far from it and in fact about all I want 
to discuss with you today is how we are approaching the prob
lem at Stark Bro's and how some of our techniques may be of 
benefit to you. Like a lot of us sometimes we talk a better 
ball game than we actually play, so bea1· with us. 

Let's try and get a spray program into proper perspective 
in our total growing philosophy. Basically, on outdoor pro
duction (and I'm pu1·posefully a.voiding discussion of micro
climates such as g1·eenhouses, mist beds and specialized propa
gation structures) we are wo1·king with th1·ee noncontrollable 
growth factors - heat, light and air. With the controllable 
factors we have water and nutrition. 

In these two areas of water and nutrition we can manage 
several things to modify ou1· control of these factors; namely, 
weed control, irrigation, fertilization and pest control or insect 
and disease control if you prefer. The point I am attempting 
to make is this: without the management of all these controll
able factors we can't come up with the final stand, size and 
grade of a finished plant that we want or desire. Many of us 
get on a ''kick'' to have blocks of stock absolutely clean of 
weeds and yet we are content in our happiness over these weed 
clean blocks to overlook a disease or insect problem that is 
either reducing our total stand or grade. It sounds like I'm ra
tionalizing our weedy fields. I'm not, b11t let's look at the 
whole picture. 

We, and I say WE because our sp1·ay program at Stark 
Bro's is a cooperative effort. We approach our spray program 
primarily as a p1·eventive program, not eradicative. We begin 
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by writing a tentative sp1·ay p1·og1·am in ea1·ly winte1· by 1·e
writing our previous season's sp1·ay JJ1·og1·am. Incidentally, 
this sp1·ay prog1·am is w1·itten for our five branch plants and 
includes spray p1·og1·ams fo1· ou1· scion orcha1·ds, vineyards and 
fruit variety test orcha1·d. 

Shortly after World Wai· II upon the retu1·n of Paul Sta1·k, 
J 1·. to the nurse1·y, he was inst1·umental in w1·iting the spray 
program, which in somewhat modified form continues to this 
day. After the tentative p1·og1·am is w1·itten we have a work 
co11ference between p1·oduction and 1·esearch and work out 
final details and then issue the printed p1·ogram ancl issue to 
the plant superintendents and the spray oprator involved. 

As to sp1·ay records, each operato1· keeps a 1·ecord as to 
crop sprayed, date, mate1·ial used dosage and gallons apJJlied, 
plus any remarks or notes he cares to make at that time. We 
do have these records for seve1·al years and use them primarily 
in revising our program, but also use them for estimating our 
material requirements when we send out bid lists for sp1·ay 
materials needed. 

In formulating our spray p1·ogram we try and keep the 
following general principles in mind: 

(a) Recognize that timing of sp1·ay application and tho1·
ough coverage is Just as impo1·tant as the spray material 
used. 
(b) The use of competent interested help is most import
ant. 
(c) Use material in ot11· p1·og1·am tl1at does not e11cot1rage 
the build up of other plant pests. 
(d) We attempt to write sp1·ay programs with safest ma
terial possible, consistent with good control and cost. 
(e) Retu1·n to the use of some of the inorganic compounds 
such as suphur and copper, especially the latter. 
( f) We are retu1·ning to the use of some of the older in
secticides, especially the miticides. 
(g) Don't a1·gue with success! 
In laying out our nursery rows we leave a spra)' row eve1·y 

eight or ten nursery rows, our row spacing on this stock being 
forty-four inches and the sp1·ay row 011e hundred thi1·ty-two 
inches in width. We use this space to drive through with a 
self-propelled sprayer built up on a t1·uck frame with a hi
pressure pump, tank and blower mounted to the rea1·, with con
trols up next to the drive1·. We arrange our shade tree and 
scion rows on six foot 1·ow spacing and have a spray row 
every six rows. We sp1·ay these with the same unit as above 
and change the nozzle direction as needed. Except for very 
windy days we can sp1·ay both directions. Should it become 
windy we spray only one way, with the ,vind. We like this ar-
1·angement 01· two reasons. (1) - We can get good cove1·age, 
especially on trees up to ten feet tall without having to use 
booms. (2) - It is a 1·athe1· 1·apid wa;}' to cove1· a maximum 
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acreage in a short pe1·iod of time. The main disadvantage of 
course is the loss of land tied up in spray 1·ows. This. is not a 
complete loss, however, as we do take advantage of these spraJr 
rows on both planting and digging ope1·ations. 

The only Hi-1·ow spraying we do in our nurseries is fo1· 
borer control and the application of herbicides. We have sev
eral homemade units for this and we were able to purchase a 
standard farm unit several years ago which we are ve1·y pleas
ed with - a John Deere model 600 Hi-clearance sprayer. We 
also use this unit for granular spreading and for boom broad
cast spraying o•f herbicides. 

The only othe1· spraying that we do in the nursery is 
herbicide spraying in our shade tree and scion orchards. For 
this type of spraying we use a modified Holder tractor with 
nozzles arranged in f1·ont, using spray s3rstems off center 01· 
off-set nozzles. We have been quite pleased with this arrange
ment. 

For your possible help in disease and pest indentification 
a short list of available publications is attached. We have 
found the Ohio State bulletin particularly helpful to us on 01·
namentals and use a combination of Revera! Rtates on our fruit 
sp1·ay program. 

To summarize: 
(a) - Decide what you want to achieve from you1· 

program. 
(b) - Indentify the problem 
(c) - Formulate your spray program. 
(d) - Carry through on prope1· timing and application. 
( e) - Keep good records. 

The above won't insure healthy vigo1·ous plants of the size 
and grade you want but it will enable you to manage one mo1·e 
of the controllable facto1·s in your production program. 

Available Publications: 
''Th.e Cnn,trol of Insects and plant Diseases in the N1/4r.".ery'' 

Ohio Department of Agriculture 
Division of Plant Industry 
Section of Insect & Plant Disease Control 
Reynoldsburg, Ohio 

''Di.<;,ea.<;,e,<; of Ornamental Shrubs & Vines''. 
The Pennsylvania State University 
Agricultural Extension Se1·vice 
College of Agriculture 
State College, Pennsylvania 

''Pe.<;t.<; & Diseases of Trees & Shrubs'' 
Wisconsin State Department of Agriculture 
(Bulletin #351) 
Madison, Wisconsin 

''Con,trollir1.g Insects & Diseases on Orn.amental Tree.<;'' 
Michigan State University 
Cooperative Extension Service (Ex. Bulletin 

#269) 
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East Lansing, Michig~tn 
''Insect Pests of Shade Trees & ,'Jhrubs'' 

Purdue University, Cooperative Extension 
Service 

(Mimeo E-41) 
Lafayette, Indiana 

''Plant Pest Handbook'' 
Connecticut Agricultu1·al Exp. Station 
(Bulletin #600) 
New Haven, Connecti,~ut 

''lllir1,oi.'! Trees: Their Diseases'' 
Illinois Natural History Survejr 
( Circular #46) 
Natural Resources Blclg. 
Urbana, Illinois 

MODERATOR TUKEY: Our next sub.iect is propagating blue
berries by cuttings. Mr. Philip Fisher will be the speaker. 

ROOTING BLUEBERRY SOFTWOOD CUTTINGS 
PHILIP MCKAY FISHER 

Blueberry Pine Farm, !11.c. 
Allegan, Michigan 

My sub.iect is rooting blueberry cuttings which is, of 
course, the cultivated high bush blueberry, Vaccinium corym
bosum. There are not many other propagators here, if any, 
who want to know how to 1·oot blueberrj' softwood cuttings un
der mist, but possibly some of our experiences will have some 
application in other fields, with other material. The field is 
very specialized because if you do not have a blueber1·y planta
tion in a blueberry growing area, you do not have the mate1·
ial or market for blueberry plants. 

Traditiona.lly in most states blueberries are rooted from 
hardwood cuttings. The whips from the previous year's wood 
are 12 inches to 30 inches long, about the diameter of a pen or 
pencil, cut in 6-inch lengths and taken in March while the plants 
are dormant. The cuttings taken from the tip of the whip 
root better than those from the more mature wood at the base, 
and cuttings with leaf buds root better 1,han those with flower 
buds. I first heard about rooting blueberry softwood cuttings 
at the Experiment Station in Puyallup, Washington, many 
years ago. Because of t.heir cool climate, they had some suc
cess rooting them without inter·mittent mist. 

About that time I heard about what Harvey Templeton 
was doing and what Jim Wells was doing at Dundee. and we 
got our first advice and nozzles from Jim at that time. We 
were advised by the Experiment Station at South Haven, Mich
igan, that even if we could root softwood cuttings, we cot1ld not 
winter them over unless we had a greenhouse. We have been 
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' 
able to root them under intermittent mist and winter them 
over in the same bed. 

We have a crude, inexpensive set-up. I will show you 
a few slides whicl1 may have application for others who 
do not have a gree11house. Further, I believe pla11ts started 
from softwood cuttings are on the average superior to those 
rooted from hardwood cuttings. Another advantage is that 
when the South Haven Experiment Station or the U. S. De
partment of Agriculture at Beltsville thru their test coopera
tor in New Jersey releases a new variety, it can be multiplied 
much more rapidly because so many more laterals can be taken 
from a plant than can hardwood whips. The plant can grow 
and bea1· fruit at the same time you are removing softwood 
laterals. 

The ,vood is usually ready somewhere near the 10th of 
July. We do not adhere to a date. They are heel cuttings and 
the laterals must have completed thei1· primary growth and 
be taken _just when the second growth starts. We used to get 
a tail that had to be cut off on a block, but by pulling them Just 
with the right snap we get 110 tail but there is a ring of the 
old bark, or collar, at the base of the heel cutting and from 
which a good mass of roots start. You want a blueberry bush 
and not a tree and from this base it has been our experience 
more st.rong canes emerge from the base in the nursery than 
from hardwood cuttings. 

For our propagating bed we put a layer of washed gravel 
on level or slightly raised ground and use one tier of concrete 
blocks for the sides to hold the medium which is half horticul
tural peat and half Perlite. We mix it on a concrete floor and 
keep it wet for about 2 weeks to make sure it is mixed and 
damp. 

In the two beds you will see on the slides, we are able to 
stick about 8,000 cuttings in each. Our beds are about 120 
feet long and 4 feet wide and the cuttings are spaced 2¼ 
inches by 21/4 inches. 

The mist lines are about 7 inches above the bed and sup
ported by stakes. We have found t.hat two mist lines are bet
ter than one. We are in the country and have to rely on well 
for water. Our jet pump unexpectedly failed at a critical time 
and emergency extra shade saved most of the cuttings. This 
past summer the Jim Leech family's portable swimming pool 
with 8,000 gallons of water and a pump has been moved near 
the propagating beds with many hours of emergency mist 
available. 

A small percent of the cuttings do not callous and anothe1· 
small percent are not rooted well enough to give them space 
in the nursery, plus normal casualties, but on the average 60 
to 75 percent root well enough to make good plants. We are 
also in the Christmas tree business and use the tree planter to 
line the cuttings out in the nurse1·y where they stay no1·mally 
fo1· two st1m1mers. 
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The cuttings must be taken off ve1·y early in the morn
ing, as soon as you can see, and the lo"rer half of the leaves 
are stripped off right in the field. The cuttings must be kept 
damp and stuck immediately. The bed is covered, quonset 
shape, with 6 inch by 6 inch co·ncrete 1·einforcing wire cover
ed with 4 mil polyethylene 6 feet wide and then covered with 
46% Saran shade. If there should be a rainy, cloudy day, it is 
ideal, and the entire .iob can be done in one day instead of on 
several early morning segments. A crew starts sticking as 
soon as some cuttings are available. There is a 1/16 H.P. ex
haust fan at one end of the bed. The mist is on while the cut
tings a1·e being stuck. They are floode(:l in as eve1·y few feet 
of bed is stuck and the polyethylene and shade are unrolled 
to cove1· the ct1ttings as sticking p1·ogresses. We have tried 
Hormodin #2 and #3 and found no response. The nozzles are 
4 feet apart on 1/2 inch galvanized pipe. Each nozzle ( #4 NW) 
delivers 4 gallons per hou1· if rt1n continuously. We went th1·t1 
the electronic leaf and ot.he1· co11trol de,,ices, but now use a 
time clock set for 1 minute on and 5 minutes off until rooting 
starts and then the time off is increasecl. A thermostat shuts 
off the time clock if the temperature of the air is below 70 
degrees Fahrenheit in the bed. The exhaust fan runs continu
ously in daylight. We have a small opening in the end of the 
bed opposite the exhaust fa11 so that the mist is carried over 
the bed. It is necessary to keep the leaves wet continuously 
when the bed temperature is over 70 derees. The mist and 
exhaust fan keeps the bed temperature below 80 degrees. 

We remove the polyethylene when rooting is well started, 
but leave the shade on until fall. In preparation for winter 
when the cuttings are rooted and are losing their leaves, we 
sprinkle about one inch of sawdust right on the entire bed. 
After some frost and light freezing we cut pine boughs (the 
concrete reinforcing wire mesh is left over the beds) and co,,e1· 
the beds with a thick layer of boughs so that there is protection 
from extreme low temperatures and they are entirely dormant 
all winter and until the pine boughs are removed in the spring. 

When the nu1·sery ground is ready, the plants are shaken 
out, the last yea1·'s peat and Perlite are discarded and we are 
ready for the next batch. The cuttings are stuck .iust before 
the earliest varieties are ready to pick in July, so that the 
work load timing is favorable. 

Blue Crop is a very large, popular, and satisfactory semi
early new variety that is very hard to 1·oot from a hardwood 
cutting but can be rooted very successfully from softwood cut
tings. Some new varieties are being named and released this 
year. New blueberry varieties are not patented since the chief 
breeders are the U. S. Department of Agriculture at Beltsville 
and Stanley Johnston at the South Haven Experiment Station 
in Michigan. He bred and released all of the popular Haven 
series of peaches. For 25 years he has been crossing high bush 
and low bt1sh blueberries to get a lower bush with excellent 
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winter hardiness and other supe1·io1· qualities. He has .iust 
named and released ''Blue Haven." The crosses made at Belts
ville are now all tested on the Galletta Brothers plantation at 
Hammonton. New Jersey. At the present time this cooperator 
has abotit 20,000 seedlings under observation, as well as about 
500 acres of blueberries in production. A selection named and 
approved fo1· release next spring is ''Lateblue." In 1·eturn for 
furnishing the land, cultivation and ca1·e of the seedlings and 
years of obse1·vation, the cooperator has, when a variety is 
1·eleased, the only source of plants fo1· sale. The1·e is also a 
new early variety which will probably be released next spring. 
A supposedly good ea1·ly variety, Earliblue, released seve1·al 
years ago, did not live up to expectation. Because some older 
varieties becon1e obsolete and new varieties a1·e being int1·0-
duced, there is a ma1·ket for plants and we have found that 
softwood cuttings are the best method of propagation for tis. 

MODERATOR TlTKEY: The final speaker for this afternoo11 
will be Dr. Albe1·t Joh11son of the Unive1·sity of Minnesota, St . • 
Patil, Minnesota. 

VARIATION IN CLONES OF RED-OSIER DOGWOOD 
MARGARET H. SMITHBERG AND ALBERT G. JOHNSON 

U11,ive1·sity of Min1iesota 
St. Paul, Minnesota 

Nurse1·ymen have long recognized the importance of us
ing plants well adapted to their local climatic conditions in or
der to produce attractive and fully hardy specimens. Pres
ently, there is an increasing inte1·est in the use of native plant 
materials. For this reason knowledge of factors relating to the 
geographic origin of plants used for propagating purposes is 
of growing concern. 

In 1963 we obtained dormant cuttings of red-osier dog
wood f1·om points both in the United States and Canada. Fig
ure one indicates the collection points of dogwood and the 
sou1·ce of specimens in the Unive1·sity of Minnesota Herbarium. 
The resulting plants were g1·own in the greenhouse and then 
transplanted in a randomized block design into the expe1·imen
tal plots. 

Variations both in plant form and growth rate were noted 
during the first growing season. The extremes in variation in 
form are evident when comparing a typical plant from the 
Minneapolis area (Figure two) with those of the same age 
from Alaska (Figure three) and Seattle, Washington (Figure 
four). 

Total growth by October, 1963 was determined by meas
uring all stem material in excess of three centimeters. Figure 
five indicates total increment of all clones studied. In compar
ing i11crement with climatic paramete1·s such as length of grow-
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ing season, winter minimal temperatu1·es and latitude it was 
found that closer correlation exists between increment and 
both growing season length and winter minima than between 
increment and latitucle. This type of correlation was found 
in all othe1· observations included in this study. 

Observations were made during the late summer and fall 
of va1·iations in onset of winter buds, red bark color appear
ance and leaf abscission. Those from northern sources pro
duced winter buds, turned red and dropped their leaves much 
sooner than those from farther south. Extremes were noted 
in plants from Alaska, which stopped growing in early Aug
ust, as compared to those from Seattle which did not stop g1·ow-
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i·ng until Novembe1-- and held their leaves a ll winter. 
Cuttings of eac·h clone ,vere br·ought into the laborato1"y 

and s lowlJr cooled i11 a f1·eez ing chamber in a er·ies of Dewar· 
f lasl{s. T empe1"a.t.L1res were s lowly lowe1"ed and ct1ttings remo,1-

·ed ftt ce1--ta.i11 temperatt1res. The cuttings we1·e t hen placed in 
ht1n1id chambers wher··e thejI· viability was note•ci . 

This proce·dt1re was begt111 in September 9 and repeated at 
two week in:tervals ( except for a perio.d in October when t h e 
freezer wa._ inopera ble) until Decen1be1-- 4. A fall progressed 
t he temp•e1--atu1--e r·ange wa·s lowered fc,,1-- each te·st run u11til by 
0 ,ctober 17 t h.e lowest obta.ina.ble temp,eratt11"·e (-90°C) vv·aR 
ref1.r hed. 

I t ,vas determined that a ll cio11e.1, even those from mild 
climates sl1ch as Seat.tle, Washi11gto11, became ha1~aened to the 
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Fig11rl' :l. Red -osier clogll'<•ncl fr< 1111 Co ll ege . . \ l:isk:i 

lowest temperature the freezer coul d measur (-90 °C), but 
that t here were statistically significant clifference in the date 
at which each clone became hardened. In order to provicte 
statL tica lly comparable data it was nece ·sar y to express the 
results as the date at wh ich clones reached a g iven level of 
hardiness. Figure six thus indicates the elate at which all 
clones of dogwood became hardy to -27 deg rees centigrade. Al
though in the spring there was variat ion in dates at wh ich 
summer green bark color returned there were no clifferen es 
in dates of bud break. This may have been due t the fact that 
we had a cold Apri l and a rapid ri se in temperatu re. in Ma? 
causing a telesco ping of ph nological even ts. We did, however , 
bring material in a controlled environment chamber in F eb ru
ar.v ancl uncl er t he temperatures and photopel'i od~ tested (see 
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bel(>vv) t he1·e wa.s no s ig11ifica.nt di ·t'f•e1:·e11ce i11 t ime t <) l>ud 
break. 

Test 1. 

2. 

·7o c, Day 
55 ° Night 
55 ° Dav 

" 36 [') Night 

one ·ham.ber at 8 hour.s and one 
at 16 hour's photop-e1,.iod 

Same photoper··i·od a•s Test 1. 

111 summation, the1·e cll"e im1)01·tant va1--iat ior1s ir~ r)C>th 
growth and dGttes of phenological event in diffe1·ent clone .. of 
r·e·d-osier· dogwood indicating the desirability <)·f t1sing locally 
adapted materials as sources of propa.g·at ing stock. 
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MoDERA"l"OR TU KEY : A1·e the1·e any <1ue "ti ons for· oLi r· 
pr·evious th1 .. ee ·peaker·s '? 

JOHN ZELENKA : I woL1 ld like to a "k Ml'.·. Law if they have 
used air·plane spraying 01-- have the ha.d any experime11ts with 
. t '? l . 

JIM LAW: No, John, no,11e at all. We hcive done clusting 
by airplane in our plant at Oklahoma where we have exten
sive acreage but we h~tve clone no ai1~p1a11e 01" helico1Jter pray
ing fo1-- two years. We did have 80 acres i11 one block which 
was very wet and we did dust that because we we1ne not able 
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to get to it on the ground. It is difficult to use airplane spray
ing because we have such a range of crops and we .iust could 
not do an adequate job of spraying with one formulation for 
all of the crops. 

VOICE: I understand there has been some airplane spray
ing for rabbit control. Have you heard anything about this? 

JIM LA w : No, we fence everything, even material that is 
to be dug in the fall. It takes about 5000 feet of fence each 
year just to keep up with the fencing program. 

RALPH SHUGERT: I'd like to make a comment in regards 
to rabbit control. Last year was the fi1·st time in the history of 
Plumfield Nu1·sery that not a fence was put up. We had com
plete control of rabbit damage by spraying the blocks with Ara
san and a spreader sticker. What we did was to just go around 
the blocks and spray into them. It was not necessary to go up 
and down each row. This worked for apple, pear, linden, 
euonymus, and other plants which are very susceptible to rab
bit damage. I would like to ask Jim what you are doing for 
control of pear blight? 

JIM LAW: We are do1·mant sp1·aying; that is when 
growth completely stops. It is usually in November. There 
may be leaves on the trees and the bud scars have not com
pletely suberized over. We spray with an 8-10 Bordeaux mix
ture. 

BILL CURTIS: We don't have a rabbit problem but we are 
troubled by deer. Has anyone used a spray for deer control? 

JIM LA w: We hang a small bag of blood meal on each tree. 
That's about the only thing that we have had any reasonable 
success with. 

JOERG LEISS: We have had good success using Arasan at 
l/4. the rate that is normally used for rabbit control. It does a 
very good job. 
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FRIDAY MORNING SESSION 

December 1, 1967 
• 

1'he Friday morning session convened at 9 :00 a. m. 1n 
Ballroom A of the Admiral Semmes Hotel. Dr. Thomas F. 
Cannon served as moderator. 

MODERATOR CANNON: I think we have a very excellent 
pr·ogram this morning and to lead it off we have Dr. Ronald 
M. Girouard who will speak on the ''Anatomy of Adventitious 
Root Formation''. 

' 

ANATOMY OF ADVENTITIOUS ROOT FORMATION 
IN STEM CUTTINGS 

RONALD M. GIROUARD 
Fo1·est Research Laborator·y, 

Depart,me'1tt of Forestry and Rural Develop'rrtertt, 
Siller·y, Quebec, Canada 

The art of propagating plants from cuttings is old and 
may have started with man's initial interest in ornamental, 
medicinal, orchard and field plants. But as a science, a series 
of facts systematically arranged to explain or predict the oper
ation of general laws, the propagation of pla.nts from cuttings 
did not begin to develop until the eighteenth century (24). 
Probably the first paper describing the scientific approach to 
plant propagation was written by the French dendrologist 
Duhamel du Monceau in 1758 (see fig. 1 and ref. 10). My 
pape1· this morning will be an attempt to summarize what is 
k11own concerning the anatomy of adventitious root formation 
in stem cuttings. And when compared with the volumes writ
ten by Duhamel, my talk will simply resemble a drop in the 
bucket. 

The rooting of stem cuttings is one of the widely used 
forms of asexual propagation, a fact which you all know. It 
involves the placing of stem pieces with one or more buds un
der conditions that favor the regeneration of roots. Stem cut
tings we generally classify as hardwood, softwood and herba
ceous depending upon the degree of lignification of the stems, 
the presence or absence of leaves, and the plant species in
volved. 

Plant propagators are aware of the fact that several easy
to-root plants bear aerial roots or roots in early stages of de
velopment within the tissues of the bark. This last group has 
been referred to by some authors as preformed, hidden, latent 
and initial 1·oots or root germs. The term morphological roots, 
first used by the Dutch investigator van der Lek (37), desig
nates all of the roots present when the stems are cut from the 
stock plants. Figures 2 and 3 show aerial roots that have form-
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ed just below a 11ode on s.te111s taken f1·om a :i uvenile pla.nt of 
H ecle'1·a lieli~-c . In figure 3 the· stem vvas stained with basic 
fuc·h_sin, cleared and photog1,.aphed while in me·thyl salicylat.e; 
the vascular bundles ha\,e 1--etained th.e stain. A list of woody 
plants with stem bearing aerial a11d latent l"oots (morpho
logical l"oots) is given in table 1. 

The most c·omn1011 adventitiollS r·oots of stems are those 
that for·m completely after t he ct1ttings ar·e macle; they de
velop near the base of tern f1,.om woL1nded t issues or above 
the cuts. It is not surp1,.isi11g that these structu1~es have been 
11amed wound or wou11d-induced 1--oots ( 18,22,37). 

Since m ost adventitious 1--0,ots arise endoge11ously, that is, 
in tissues located at some dist ance f1·om the periphe1,.y of the 
stems, it i only app1~0p1,.iate that we sl1ould be familia1,. with 
some featuI·es of the internal st1,.uctt11--e of stems. Fi1"st, let us 
consider the subdivi ions of the vasct1lar system, t he vascular 
bundles or fascicles (traces) which ftinction as the transpo1 ... t 
netwo.1"k of young shoots. 

In stem of conifer s a11d vvoo,d)r dicotyledons, the inte11

-

nodes have vascula1,. bundles ar1"anged i11 1--ings but separated 
by panel · of cells high i11 metabolic activity. In cross-sectio11s 
of stems of a nt1mber of herbaceollS dicotyledons and ma11y 
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monocoty ledons, the· vascular· fascic les appear 'Cattered. Figt1re 
4 gi,,es us a gene1,.·al ide·a of th e dist1,. ibutio11 of th e bundles as 
f oL111d in seve1"'al of the plants )cl1at w·e p,r opag-ate. A closer look 
a t 011e of the vas.ct1lar· bundles o·f a wo1o·dy dicotyledon (fig. 5) 
r eveal two mal] er stra11ds 01" t r·aces : one composed of xylem 

,...:::~ .:: 
.~:•!{:, • ~ 
.' ~~;;}j;:-::. 
'•, !•,.j}{ 

;~ , .. -~ 
y· .,.;-::-:-: .,,,,,, ,,,,$£ 
It X \(t~; 

w :t 

l7ig·l11·es 2 ,1 11.d 3. 1.\erjal l.·oc•>ts t l1at h,tv·e f<) r 1n,eci 1l·>c lovv :1 tl ()de 011 s,te1ns take11 fro111 
a j Ltv·e11ile f)la.11t <>f H er,J.r"rrt 11.eli"\ aJ·e r eadil y seet~. 111 f i,gt1re 3, t: t1,e stein w,1s 
sta i11 cd w itl1 b,tstc [11c}1s i11 , clecl1·c(I ar1<.l 1)1l <> t1c>g·ra1'.)l1cd '"rl ~j·l,e i 11 1:11etl1yl salic -
la te, a clea ri11 g ~1g·e11 L. ' l ' l1c de c lc>1)111c t1 t of , ·,tscltla r traces i t1to t11e 11cw 1~ool 
is 110Lctl. l., ~gl1re 3: f1·c) 111 (;i1·() Lt~tr<l , R . 1. C~a n all . . J. B o L. ·/ - : 1877-188 1. 

rl ,a l)1C I . \\1()()(1)· l) la lllS \\' it ~l ste111 s l)ca r .u 11g clCFii.t l ,1 11(1 J;1lCJl l roots. * 

( y a.'Y>ipsi,s ?"a cl 1icarl.s 
Coto,·11easte1· clci,11nie1·i ( 38) 
E ugeis.sor1,a pp. ( 35) 
Ficu.s ca1"ica ( 11) 
H ecle1·a Jieli a.." ( 36) 
,J a~<::mi1iu,1·ri spp. ( 18) 
L orlice1·a japonica (27 ) 
J1 a1,·ic a r·ia s J:J·p . ( 3.5 ) 
Popul/us Section A ege~i,·<JS ( 4 ) 
P (Jpulus .alba ( 25) 
p O pul us X car, la,d e1nsis ( 2_, 3) 
Pop ul l ls cl el t oicl es ( 2 5 ) 
PrJpul·us x e'2l1-·a,mer·icaFia ( 25) 
Po JJ'lllils rl1:g,1·a italica 

(29,36,37) 
* Nun1bcrs ri.: ft: r to rcfi.: rc11ccs c ited. 

P opul,ilt, Flig,1·a t }ievesti,rl,a ( 37) 
P o1:;ulus sinionii ( 37) 
Pop1ill 1u.~ tr·ic }iocar·pa ( 2,3, :.-37) 
Iiibet<:; a.lpin·u1n (37) 
Sa.lix· a.lba. ( 36) 
Salix: alba c}z,e1·m.erli.csa ( 37) 
Sa l1·1; alba .ser·icea ( 37) 
Sali .x a??'iygclali'ria (37) 
Salix· lJabylonica (37) 
Salix cliscolor· (22,37) 
Scilix f 1,·agil 1is ( 6, 7 )· 
Salix ,nyrsiriif'olia (37) 
Salix rvimiJialis (36) 
V er·s lia.f f eltia spp. (35) 
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( wo·od) and another of phloem elements. Between the s!t1:·ands. of 
xylem and phJo.e•m are cells of a lateral meristem - th.e fas
cicular cambium. A t a later stage, cambial cells differ·entiate 
between the bL1ndl.es to form the interfascicular cambium. I t is 
the vasct11ar can1bit1m made up of the fascicu lar· and int.erfas
cict1lar· carnbia ,;vhich is respons,ible for t he secondar·y growth 
of stems. Much of this g1--owth is 1·eadi1y iden t ified as a11nual 
growth rings in th e secondary xylem. Now for a few mint1te,s 
let u · cor1 ider the vasct1lar systen1 at the 11odes. 

The presence of a leaf r·est1lts in one Ol" mo1'.·e bur1dles b.end
i11g away from the main f 01,.mation of the vascular system a11d 
in co11necting the leaf to the sten1 (fig. 6). Bundles of this l<i11d 
can be traced down through the stem to, a point wher·e t hey j oin 
other strands. These link between the leaf and the s ten1 a1·e 
the leaf traces. Immediately above the bending part of the 
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t 1"a ce·s in t h e stem, pare11ch yma cells with t1nsp 1ecia lized pr·op
erties co11tras)c w ith t.he highly specia lized cells of t h e va scula r 
tissL1es. These groups of paren·chyma cells make t1p t h e leaf 
gaps . Buds t h at for 1n in the axils of leaves a1"e comp1"e.ssed 
shoots 01-- n1in i-atL11,.e bra11ches . N evertheless they too are link
ed to t h e main ·tern but by branch t r -aces ; t h ey also have br anch 
ga p , . 

I am ce1·tain that many of y ot1 like myself hav.e wondered 
.i ust ,vhere in stems the ad,rentitious r'o,ots originate a n d de
velop, ancl what anatomica l fact.o·rs influe11ce t h e ir~ develop
ment.. The a n sw e1· to t h ese c1uest io11s have not a lways been 
easy to obt.a in and t h ey ha.ve variefl conside1--,abl)1 fr· om one 
plant species to the othe1--. I w ill at.t empt to st1mn1a1"ize tt1dies 
t ·hat have come t.o my attentio.n. 

It is definitely k11own that adven t itio t1s roo·ts have a ten
dency t.o arise in t h e v icinit y of d iffe1~e11tiating t issues of th e 
vascular· bundle~ ; t h e p 1"oximity of the new I"oots to 'th e m ain 
ax is of the st e,m ., pe1'·1nits a 1~apid vascular~ co11nect ion betwee11 
the plant pa rts . 111 young st em s of dicoty ledons a n·d gymno
s perms , 1•0,ot s a1"e init iated by cells located near· the perip h e1"y 
of t h e v.a sct11ar· f a scicles, ofte11 interfascicular par--enchyma 
c·ells, w hile i11 r elatively old ste1ns t h e seats of in·i't ia.t ion are 
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F1gt11e G Lc,tves ,incl li11cls ;11c cc,1111ecte,I to tl1e vasct1!;11 system of steins by lea! 
traces a11d IJ1,111cl1 t1 aces, , espccl 1,•cly l\oth leaves a11d b11ds have gap, 
tn,1,le lIJJ ot pa1c11cl1y111,1 cell, .ilJc>ve tl1e11 resJJCCt1ve 11aces L"l', leaf 11ace; J,G, 
leaf g;1p, fl'I', IJ1a11cl1 trace r,,,111 K l',a11 /q(i(J 1\11a1,,111y ,,t ,cecl pla11ts 
Jc,1111 Wiley & Sc,11s, New Yc,1·k, Jl 2(l') 

close to t.he interfascicular cambium. In monocotyledons, ad
ventitious 1·oots arise in parenchyma cells external to the vas
cular tissues. In every case cells that are alive, not just walls, 
and that a1·e capable of dividing are necessary for the forma
tion of adventitious organs such as roots. 

These structures can arise internally (endogenously) not 
only in nodal tissues ad,jacent to leaf and branch gaps btit in 
internodes. They can occur externally (exogenously) in callus 
tissue formed at the basal end of cuttings and in hype1·hydric 
otitgrowths of lenticels. Tables 2 and 3 p1·ovide informa'cio11 
concerning the seat of 01·igin of morphological and vvoun<l-in
duced roots in seve1·al woody plants. · 

Up to this point I have brought to your attention the vas
cular system at nodes and internodes and the sites of root initi
ation, but one important fact remains to be mentioned. It is 
this: while a root may be formed withi11 tissues of a stem, its 
emergence is not a sure thing. A co1·relation between the pres
ence of many thick-walled cells such as fibers and sclereids (two 
components of e,clerenchyma) and poo1· rooting of shoots has 
been repo1·ted by seve1·al i11vestigators ( 1,8,9,17,23). Some 
workers believe that the groups of fibers act as mechanical 
barriers preventing the late1·al emergence of roots and promot
ing basal eme1·gence thi·ough callus tissue. Recently a few 
scientists (15,16,23) have been t1nable to find Rimple relation-



Table 2 Or1g111 of aerial ancl late11t roots (mo, pl1olog1cal 1 oot~) 111 stems of 
so111e of tl1e woocly pl,111t~ l1stecl 111 tal1le I 

l'la11t Refe1 e11cc Site 

Cotoneaste1· dam,m,e1·i 35 Pa1·enchyma cells of divid
ed leaf and bud gaps. 

Ficus ca1·ica 13 Leaf traces, leaf gaps and 
medullary rays. 

Hede1·a helix 36 Between the bark and vas
cular bundles. 

J..,orrice1·a japonica 27 From cells between the 
cambium and pericycle at 
both nodes and internodes. 

Pop1tl11,,<; Section Aegei1·0.'! 4 External to the cambium 
but in front of prima1·j' 

Populus 1iig1·a italica, 37 
P. n. t}ievestin,a, P. .c:;i1n 011,ii, 
P. t1·ic}ioca1·pa 
Ribes alpinum 37 
Salix alba che1·me1iisa, 37 
S. a. se1·icea, S. a,111,11.qcla.li11,a, 

S. discolo1· 
Salix fraili.c:; 

Sa,lix m,yr.c:;i11,if olia, 

6,7 

37 

1·ays. 
Opposite medulla1·y 1·ays. 

' 

Opposite medullary rays. 
Parenchyma of leaf gaps 
at the nodes; medullary 
rays of internodes. 

Outside the cambium in 
rays associated with leaf 
and branch gaps. 
Parenchyma of leaf gaps 
at the nodes; medullary 
rays of internodes. 

ships between density or continuity of sclerenchyma and root
ing potential in woody stem cuttings. They consider differ
ences in ease of rooting to be related to the ease with which 
root initials are fo1·med, not to the restriction of developing 
root primordia by sclerenchyma. 

To end what I have to say this morning, I will briefly de
cribe a few illustrations to give you an idea of how wound-in
duced roots arise in stems of H ede1·a helix. Figure 7 A, B shows 
cells at the outermost end of a ray, phloem ray parenchyma, 
with dense cytoplasm and deeply stained nuclei. The two large 
cells are the product of a recent anticlinal division. Groups of 
fibers (F) are present external and opposite the vascular bun
dles (VB). In figure 8 A, Ba young root initial (RI) made up 
of a slightly organized group of cells is seen developing be
tween two phloem traces. Fibers (F) flank the outer portion of 
the vascular bundles but they do not hinder the development of 
the young 1·oot. In a few cases ( Fig. 9 A, B), vascular rays 
abut at their distal end on perivascular fibers. Examples of 
this kind are found even in easy-to-root stems of the .it1venile 
growth phase. The rays often stain densely as sho,vn in this 
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illustration. As the root initials contin11e to develop, cells di
vide and differentiate and begin to form orga11ized tissues 
typical of root primordia (see fig. 10 A, B and 11). Vascular 
strands quickly differentiate into the actively growing primor
dia. Phloem elements of at least two vascular bundles and 
three rays take part in the formation of each root primordi11m. 
Scattered groups of fibers are unable to stop the last few stages 
of adventitious root formation (fig. 12). Roots with rootcaps 

Table 3. 01·1g111 of ,vo1111cl-111cl11ccd 1·c,ots 111 ,tC'111, of ,,•oody J>la11t~ 

Pla11t 

Abelia g1·andiflo1·a 
Abies spp. 
Acanthopanax spinosa 
Acanthus mo11,tanits 
Ca1·agana a1·bo1·escen.~ 
Chamaecy7Ja1·is spp. 
Clematis spp. 
C1·yptonie1·ia spp. 
Cup1·essus spp. 
Forsythia suspe11,sa 
Hede1·a helix (_juvenile) 
Hede1·a lielix (matu1·e) 

flex opa,ca 

La1·ix spp. 
Ligustrum vul_qa,1·e 
Picea spp. 
Pinus spp. 
Ribes alpinum 

Ro.sa 'Dorothy Perkins' 
Rosa dilecta 'Better Times' 
RulJus idaeus 

Rubus occide11,tal1:s 
Sambucus 1iigra, 
Sciaclopitys spp. 
Tamarix aphylla 
Ta,:x:11,s c1;,.c;pirlata, 

Thuja spp. 
Thujopsis spp. 
Thujop.c;is dolobrata 
Ulmus can1,pe.c:;t1·i.c:; 
V accinium, co1·11m,[Jo,c:;u,m, 

Refc1c11cc S11C' 

37 Callt1s. 
28 Callus. 
37 Call11s. 
34 Nea1· vascular cambi11m. 
33 Secondary phloem; callt1s. 
28 Vascular rays. 
30 Vascular cambiun1. 
28 Vascular rays. 
28 Vascular rays. 
33 Leaf and bud traces. 
15 Phloem ray pa1·enchyma. 
16 Phloem ray parenchyma 

and callus.' 
21 Vascula1· can1bium extend

ed into callus; young phl
oem after auxin treat
ment,. 

28 Bud traces. 
20 Outgrowths of lenticels. 
28 Leaf traces, callus. 
28 Leaf traces, callus. 
33 Secondard xylem, 

cambium 
5 Secondary phloem. 

31 Phloem ray parenchyma. 
32 Primary rays close to 

leaf traces. 
32 Fron1 leaf and bud traces. 
20 Outgrowths of lenticels. 
28 Branch trees. 
14 Outgrowths of lenticels. 
19 Phloem ray cells and ad

.i acent parenchyma away 
from basal cuts; secondary 
phloem near basal cuts. 

28 Vascular rays. 
28 Rays, leaf traces. 
37 Callus. 
20 Outgrowths of lenticels. 
23 Cambium and phloem. 
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prese11t e111erge above the basal cuts almost at 1?ight angle to 
the n1a.i11 axis o,f the stems. In cutt ings mEtde f1'"on1 stem.s of 
the m~tture growt.h phase r·oot.R a lso. for·m fr•o,m cells of the callu f! 
t iR~t1e (t·ig. 13 ~~, B). 

·PI 

X 

FC 
lC 

p 

VB 

F 

Ji' i g 11r ·7 .\ , R. · ,~\.\re> ce l ls <>f jJ l1l<>e111 r ::t)' 1Jar e11t{:}1y,111;1 ;1rc 111,c J) l"C>{ltt c·t <)f ~• r ccer,1t 
~~ 11ti cli11 a l cii \:i. ic> r1. ,_rhcse cc11,s ha,1c tl er1sc C.:)' ll>t) l•,1s1r, <l ll <l <i t'ep l s ta i11 ecl 
nL1 c lc·i . l'I , ]) i1 l1: 1>, JJl1l c>c r11: X , xy lc·1n ; , 11~. \'asct1l <1 r l>1111< ll r·s: 1:. fi .l1f•r s; re, 
in,fC'1·r~1scic·11l ;-1r c·a111l )i t1r11 : F( :, f' :-1sci,c·11l ;11· c;1.r11l>i11 111 . 



FigL11~e,s 8 
cel ls 
r·c>-<>l 

·r igt1rc C) 
• 

• 13. 
1 see11 

i11 i tia l; 

.1\ ' 11. 
( )f fi l)ers. ~ , 

. \ YC)ll t) g 

cl c ,1cl O}),i r1 g 
F . f i be• r · .: 

.\ cle11se1,, 
• 

X J CJl l ; J1 
• 

X 

p 

RI p 

F 

C 

B 

i 11it1a l 111 acie t I p · 

l ) l1·l () ('l l l 

o f a sl ig· t1 t I y c >rgar1 i 7,ccl gr<>l Ip 
J) l1l <>em : 

of 
ll T. t'\V () 

cc)rtex. 
tr;i ces. X . x,1 le1 111. I ' • 

( :. 

IC 

•' • 

F C • • • 

p • 
• • • 

• 
I 

sta i n ecl \ ';JSc t1l a r ray at) l I I S ~ 1 l 
/>11 ]()('lll J:'. f:i l)f~rs; ( :. c·<)r l ex • 

• • 

X 

' I • , 
' 
• 
• 
I 

• • • ,. 
• 
• • p 
• • • VB 

• 
I 

' • • 
• • • 

F 

C 

i ts clistal (>l l ; 1 gr<>it l }) 

fa S(' i c~L1 I a r (.·;1 11 1 l )i L1111 ; re:. 
I ( ~, i r1t c r fa.~c ic11 1;1 r c ;-1111 l) i 11111 . 

2~~ 



Pl 

XR 

F 
F 

C 

E ® 
l; ig· lt l'C 

(~ I e111 e,1 t.s 
yc >1 111g· rc>C)l prir1101·d i L1111 1,v- itl1 

1,,vo ,1asc l1 la1· IJttndles c:t11cL 
1() !\ . 

leas t 
c>rg~111ize< l ti sslt CS . )>l1]oc111 

take t)"irt i 11 r l1e '.ft<)rrays 
111 a ,tio11 or a 1Ac><)t l)1· i111c)1·cLilr111 . 1>1, J) ith ; XR, x l e111 ray; fi l~c· r s; C. 

C~ir() tl ~lr<l . 1~ . l\'1. lq(l7. Ca11c\<J . J. l1<) t . -/5: 187 7- l RB I . 

• 

• N • 

. 

r~'""~ 
, 

If" .-..~ 
I 

f/igt1re 11. I ,c)11g i tr1cli11al sect i<.) 11 
s.i111i l~1r to .<)r slig111l I y<>L1t1g1e r 

11 
a I l ~1clve11 ti tio 1'1s r~1o t J)ri1:-i1c>rcl i ltn1 

1l1 a11 figL11·e l l • 

'J 111 • 

. 

12 
a Sl age..• 

J.' ig·11re 12. ' fra11svcrse scc t io11 of a ste111 
1t1rc>l1 o·l1, cc)rt ic·a l' ct11cl t' }>i cl c1·111 ,1 l ti S&l1cs. :"") 

J I) clc],re tltiti<)l lS rC)<'>l clcve lc>p.ing· 
(;rr, llflS c>f fil )er·~ ,1re ~111 a 1l>1,e le) stoi1 

,f ,' r( ►111 : (;ir< ►t1::ir<l , l~. ~I . l ~~fl7. ( '. ar1 ~1 <l . 

t 11 ,1 r shc>\A,11,1 

wi l ll 

t l·1(' !,1s t fe•,,r Slctgc~s () f r<><> t f'<)•r 111 ;1ti c) 11 . 

• 
J . 1~, > t . / 1 : I R.R :~ -l ~ H ( • . 



----c p 

E 

CA 

AM 
I 

l•' igL1rc 
a lso 

111 ster11s 
i rt call LI s 

sec·c,.,1,ci,1 ry x y le111 ; 
forrn 

t ~1 k er 1 f r o r11 
ti SSLle a l tl1c 

j) '11 ;.1se pl ,a11Ls 
Cl I ~ l 'i I I gs. X 1• 

t''f) i < l c•,r , 1 1 i s ; V . 

111 a,t LI r e 
l),1scal1 e11tl c>f 

pl, l <>e1r1; ('<>r ( C'X; 

a,pic,;.1 1 n~e ris1 e r11 . 

300 

a cl v c 11 i- i r i o t~ s l 'O() LS 

X Y 1liC'l ll ; 
• 

J;) l'llll a r / 

, 1~•s. <•l,s: c:,.\ . callus : 



Ll"l'J<,RA l'URE CJ"lED 

l llc.iku.111c, 1\ ll l!Jbl S1111ctu1e pl the pla111 111 1cJ.111u11 1,1 advc11t1l1uu, 
1·uut111g N.itu1·e 192.954-955 

2 lllou1nuc1g, w J 1959 Ruot lor111.it1u11 ul black CULIUII\VOOd tlllltng, in 
1 clat1011 Lo I eg1on of p.11 c11 l sl1oot 1•01 Citron 35. I 3-18 

3 llluu111berg, W J I 963 'l'he s1g111f1t.ir1te of 1111l1al .1clve111111u11, 1001, 111 
popl,1r t11tl111gs ;111cl the clfect oi cc1 ta111 f.itlors 011 tl1e11 dcvelup111e111. t·u1 
Ch1·on 39 279-289 

131.11111, H J. 1963 W11r1,elkc1111e 111 11111ge11 1111cl ,tllcre11 Sp1ub.icl1se11 vu11 
l'upul11s Z llol 51. 441-451 

5 C.11!,011, 1\-1 C 1933 Cu111p.11.it1ve .i11,1tu1111t,1I ,t11d1e, ol D01u1hy J>c1k111, 
a11cl An1er1ca11 l'1ll,11· roses I A11.110111y of ca11c, 11. 011g1n a11cl dcvelop-
111e11t of .iclvcnt1t1ou, roots 111 c11t1111g, lluycc ·1·hu111p,u11 111st Cu11t11b 
5 313-330 

6 Ca1·lso11, JVI C 1938 ·1·11c fo1n1.it1011 of 11oclal .1dve1111tio11, 1001, 111 !ial1x 
cordatti 1\m J llot 25 721 -725 

7 Ca1·Iso11, M C 1950 Nodal adve11t1L1011s 1outs 111 the w1Iluw ,te111s ,,i d1l-
fc1 c11t ages Am J But 37 555-56! 

8 C1a111p1, C a11cl Gcll1111, R 1958 A11dto1111tal ,tu,ly on the 1clat1011,l11p bc-
t,vee11 st111ctu1 e .in,! 1 oot111g capac1 ty in o\1vc c11tt111g, N 11ovu g1or11 bot an. 
11,11 65417-424 (Hort. Ab,tr 30, Al1str 1197 1960) 

!J C1a1np1, C .ind Gell1111, R 1963 Tl1e or1g1n .i11d devclop111e11t of adve111111-
011, roots 111 Oletl e11,,,p,1eri. Lite 1111port.111cc of a11.1to1n1tal ,tr11cture 1n 1001-
lct clcvelop1nc11t. N11uvo g1u111 l10La11. ital 70 62-74 (Hot l 1\b,t1 35, Abstr 
,f422 I 965) . 

10 D11h.1111el cl11 l\1011cc.111. H L 1758 La pl1ys1c111e de, arb1cs 2 vul11111c, H 
L G11er111 a11d L F Del.11,,111, !'art, !'late XV, vol 2 

11 Esdtl, K. 1'}60 1\n.itomy of seed pla11ts Joh11 \V1lcy & So11,. l11c, New Yo1k 
376 pp 

12 Esa11, K I 965. l'la11t analo1ny 2nd ccl Joh11 Wiley & Su11s, l11c, New York. 
767 pp 

13 Gell 1111, R 1964 St11cl10 s1111.i 1·.icl1c.11,1one di t.ilce ,l1 r·1c11s ct1r1cr1 I, O,,e1 -
,•,11,10111 s11lla st1·11tt111.1 c ,11110 ,v1l11ppu d1 r,ttl1c1 p1·efo1111atc /11 1\tl1 delle 
g101 ttdle d1 ,t11d10 s11 Id p1·opag.iz1c1ne delle specie lcgno,c U111ve1s1ta di 
l'1sa, l11,11111to d1 colt1\'aL10111 .11borec, pp 198-219 

I ,j G1111b111 g, C I 967 01 ga1112dlio11 of tl1e adve11t1t1ous 1 out .111ex 1n 1·a111tcr1x 
r1p!1ylla 1\111 J llol 5-/:4-8 

15 G11011a1d, R M. 1967 In1t1at1011 .111d devclop1ne11t ut aclve1111t1011, 1oots i11 
,Lem c11tt111gs of Hede1·,1 helix Andtom1cal ,tttdies of tl1e Jltvc111le g1owth 
pl1ase Cd11ad J. Bot 45· 1877-1881. 

l(i G11011a1d, R ]\,f 1967 In1t1at1on a11cl clcvelop111cnt of aclve11l1tio11, 1uot,, 111 
stein ttlll111g, of Hedera /1el1x. 1\n,1ton11cal ,t11d1es of tl1e 111,1t11re growtl1 pliasc. 
Ca11.1cl J Bot -15 I 883-1886 

17 Goodin, J R 1965 Anaton11c.il ch,111ges associated witl1 JL1ve11ile-to-111aturc 
growth pl1.ise 11 a11s1t1011 1n Hede,·,1 Ndt11rc 21!8 504-505. 

18 H.11·1111a11n, H l'. and Ke,ter, D E. I 959. J>Ja11t prupagat1011 - pr111c1ples 
a11cl practices P1·e11 t1ce-Hall Inc , Englewood Cliffs, N. J 559 pp 

19 H1llt"l·, C. H 151 1\ stttdy of the 01 ig111 a11d devclop111ent of call11s ,111d 
toot p1·1mord1a of Taxu; cusp1data ,v1th reference to the effects of growth 
1eg11lator 1\1.ister's thesis Cor11ell Univ, Ithaca, N Y 68 pp 

2l) Je.111mai1e, I, and Go1e11flot, R 1964 L hypertruphie tics le11t1celle, ,011s 
l'111fl11e11cc de l'edU C R Acacl SL1 258 3537-3540 

21 Kl111ck, D S 1960 The 011g111 ut advcnt1l1011s 1001s 011 tl1e ste111 ct1lt111gs 
of Ile., opc1ca a, 111fl11c11cecl by ,vo11ncl1ng and sy11tl1et1c giowtl1 ,11b,1a11ces. 
l\faste1·'s thesis Ohio State U111ve1 s1ty 56 pp 

22. l\1al1l,tede, J I'. a11d Haber, E S 1957. Pla11t p1opagat1011 Jol111 Wiley & 
So11s, l11c, New York 411 pp 

23 1\1.ihlstede, J. P .111d \Vatso11 1952 A11 a11atum1cal st11dy of .idvc1111t1ou; 
1·oot devclopmc11t i11 sten1s of Vr1cc11111,1n co1)•111bo;u111 llot Gaz J 13 279-285. 

24 Reed, H S I 942 A short history of the pla11t sciences. Chron1ca Bota111ca 
Co , Waltham, i'v[ass 320 pp 

25 Rugge1·i, C I 964 Osservaz10111 a11ato1no-f1s10Iog1che sul 1 ad1ca1ne11to di 
alcun1 clu111 d1 p1oppo 111 r\.tt1 clelle giornate d1 studio su Ia propagaz1one 

301 



,lei le speLte leg11osL U 111 vet ,1 Id ,11 1'1,d, 1,11 L11 I<> ,11 LOI 11 Vdlto11i ,11 li1>1 cc I'll 

254-2uu 
S.1Ll1s, R J\,I, l_,(J1et1. I•, ,111,l l)c lite, J 19(,4 l'l,1111 1,,01111g ,111,I1c, 111,l1-
cate sLle1c11chy111d t1ss11e 1s 1101 d 1c,111Ll111g f.ie,to1 C.il1f Ag11c /,~ (No 9) 
4-5 

'27 SdlllilSOII, s 1934 llO()(JJlg ol llllt111gs ,,t J,V//lCCr11 Jltj)()lllC/l A [ltelttllllldry 
acL01111t New l'l1ytol 33 211-217 

21:l S,1100, S 1956 f\11ato1111cal ,111cl1es ,,11 tl,e 1001111g c,l Lt1t1111g, 111 L<>111le1c1u, 
S(JCLtes 111111 '['okyo U111v I'o1ests Ne, 51, p IO!l-158 (l'c,1 Al,stt 19, Abstr 
J 164 J951:l) . 

29 Shdptl<>, S. 19!,l:l ·1-11c ,,,le ,,t !1gl11 ,,11 1,101 p11111,,r,!1d 111 1l1c ,1e111, ,,1 the 
],(1111bd1dy Jlopldl /11 ·r11c phy,1olc1gy of lc11cst tree, (lo.ti K l'J11111d1111). ·1-1,e 
Ronal,l l1 1ess, New Yo1k p 445-465 

!JO S1111tl1, E I' 1921:l 1\ e,0111pdldt1ve ,111dy <>I 1J1c ,1e111 st111c111re ,,1 tlic ge1111, 
Cle111at1, w1tl1 spcc1,1l 1ele1er1Le to ,111dton11Ldl e,ha11ges 111d11ced liy vegetative 
(J1opagdt1011. Roy Soc Ecl1nbt11 gl1, "l'rdns 55 043-664 

31 St.111gler, B I95u 011g111 ,ind devclop111ent ,,f adve11t1L1011, 1c1c1t, 111 ,1e111 
Lt1IL111g, of Ll11 ysa11thcm111n, Lat 11at1011 a11d rose Cornell Ag1 Exp Sta J\,lc111011 
,J42, 24 pp 

32 S11,Ids, R H 1935 'I he 011g111 ,,f ro,,ts 1n ,eve1,1l type, c,I 1c,I ,111,I IJl,1Lk 
1d,pbe1ry ste111 e,11tt111g, l'toc f\t11e1 S<>l Hc11t SLt 33 380-38:, 

'.13 ~w,11·tlcy, J C 1942 1\dve11t1t1ot1s tO<>t 1111t1at1,i11 111 Fvr,yt/1111, H1/Je1 d11cl 
C111·agar111 l\1astcr's tl1es1s, Ohio, State Univ, Cc1lt1mb11,, 0111<1 

34 '['dylor, G 1926 l"l1e or1g111 of d<lve11t1t1otts grc,,vths 111 Ac,111//1111 1110111.11111, 
Bot. Soc Ed111b11rgh, Tr.111s ,111d !'roe 29 291-296 

35 Tc,111l111son, I' II 1961 1\n,1tomy ,,f tl1c monocotyledo11, II l1al111.ie ()x-
t,,1d lJ111v l'rcss 453 pp 

3tj ·1-reL11l, G 1846 Recl1crcl1es st11 l'o11g111e cle, r,1c111cs 1\1111 ~LI N,tl I~ol, 
SCI 3, 6 340-350 

37 \',111 de1 l,ek, H 1\ A 1924 Ove1 cle wc,1 tel,,01111111g vd11 J1011t1ge ,tekke11 
(E11gl1sl1 st1n1111.i1 y) Mcded l,ancllio11,vhoogescl1c,c,l, \Vage11111ge11 28 1-2'.lO 

38 Wc,lfe. J<' H I ()31 The <)11g111 of .i<lve11t1t1011s ro<>ls 111 C1Jtu11e111le1 d11111111e11 

Maslet·', Li1es1s No, tl1westc1 n U111v, Evdnslon, lll111c,1s 15 pp 

MODERATOR CANNON: Our next speaker is also from Can
ada. Mr. Joerg Leiss will speak on outdoor grafting. 
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GRAFTING, OUTDOORS, DECIDUOUS AND BROADLEAF 
JOERG LEISS 

Sher·iclan Nurser·ies Ltcl., 
Oalcville, Oritario, Cariacla 

\Vhile g1·afting is described as any method which pe1·mits 
actt1al cambial contact between compatible plant parts, I will 
1·efer i11 this pape1· to g1·afting as the placing of a scion t1pon 
an t1nde1·stock, this then excludes budding. 

The reason for graftage is largely the same in or out
doors; mainly propagation of desirable cha1·acteristics, such as 
shapes and forms, unusual colouring of leaves, abundance and 
quality of f1·uiting, and the slowing or speeding of growth. Our 
nursery grows strictly ornamental plants and my remarks will 
deal with a numbe1· of trees which we p1·opagate by graftage. 
Before going into det-ails, I will briefly describe ou1· methods:-

1. Splice g1·afting and its variant whip and tongue. 2. 
Triangling when understocks a1·e larger than the scion. This 
is gene1·ally the case. We like to have a well established t1n
de1·stock to give us the desired vigorous g1·owth. In many 
cases we rathe1· wait a yea1· to get this more vigorous growth. 
3. The last method we use is bark grafting, when the season is 
well enough advanced so that the bark parts easily. This meth
od would entail the sto1·ing of scions. We cut most of our 
scions the day before we want to graft them. 

Tying is done with raffia triple X grade. Wound cover
ing is a tar asphalt emulsion. lit can be diluted with water but 
once dry it will not wash off. There is enough flexibility to 
pre,,ent cracking when the plant expands. Ca1·e has to be 
taken that enough of it is put on so the first rain does not wash 
it off. It cannot be used when f1·eezing. 

We start our grafting as soon as the frost begins to go out 
of the g1·ound but we do not graft during frosty weather. Not 
only did we experience poor results, but also had quite a few 
nicks and cuts on the grafter's hands. Knives used are one
sided sharpened to facilitate the straight and flat cut which 
makes g1·afts so much easier to fit. They a1·e kept razor sha1·p. 

Team wo1·k is carried out whe1·e possible. For instance, 
when triangling or whip and tongue grafting; the grafter does 
the fitting of the scion and understock and is followed by a tier. 
Three or 4 g1·afting teams are served by a waxer. Stocks are 
cut level before grafting. Scions a1·e either 3 buds or bud 

• pairs. 
In chronological order we start with Fr·axinils excelsior· 

varieties which are grafted at 6' stem or above. F. e. globosa, 
F. e. peridula, F. e. compacta, F. e. jaspidea are some of the 
va1·ieties we g1·aft. Points for Fraxinus are that a bud is left 
on the unde1·stock at its highest point. This is called a draw
ing bud. Without it, grafting is not s.uccessful for Ash. 

Ulmus varieties. Despite Dutch Elm disease we still grow 
2 hybrid Elms for trees and intermediate stem. On this we 
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graft: Ut,rn'u:s glabr·a pe'rtd'ula a:rtd U. glab,r·a 'U'tlb,;·acttlif er·a at 6' 
and 71/2' heights. 

Robinia pseitdoacacia is the understock we use at ground 
level for such varieties as R. p. tortuosa, p. fastigiata, its yel
low form Friesen Gold. R. hispida and the form R. Idaho. On 
6' stems we graft R. p. iriermis the globe and also the pink 
flowering forms such as R. hispida. 

Pr·urius avium is used for 6 and 4' standards of J ap. Cher-
1·ies and a large number of P. ser·rulata and P. subhir·tella forms 
are grown. To mention a few beside P. serrulata Kwanzan, P. 
::;er·r·ulata Amanagawa, Fugenso, Hokusai, Kiku-Shidare, 
Miyako, Shogetsu and Takasago. One year heads are normally 
saleable. Again a drawing bud greatly helps success. P1·unus 
tomentosa stems are used together with Prurtus 1iigra for 4' 
stems of P. triloba and P. cistena. Again heavy stocks are pre
ferred 3/411 thick if possible. The frost is out of the ground 
now and we turn to the items we like to graft with a little sap 
flow. 

Euonymus europeus 4' and 6' standards are used for the 
eve1·green forms such as E. vegetus, E. Gaiety, E. coloratus. 
The only caution here is to take off leaves. Also we have also 
done a few E. alatus compactus with success. 

Car·agana a1·borescens with it's pendula fo1·m is grafted at 
4 and 6' standa1·ds. And also C. pygmaea at the same height 
and the same understock. 

Malus pumila standards or the intermeidate J. Fische1· is 
used for such species as M. sar·geriti, M. E,Tchtermeyer·, and other 
slow growing forms such as Dorothea. J. Fischer is an eating 
apple, I brought from Europe and which a.mong othe1·s proved 
to be the fastest and most compatible intermediate. 

Giriglco biloba and its cultivars such as the Fastigiate male, 
''Mayfield'' and ''October Gold'' are grafted at ground level and 
give acceptable takes. 

Sor·bus aucuparis is used at 6' for S. aucupa1·is peridula. We 
have also used S. inte1·media as understock, when we found that 
trees 7-8' caliber were grafted on it. Very seldom will S. aucu
paria as understock reach these sizes under our conditions. 

We reach now the time when sap flows fai1·ly well and to 
our experience we get best results to graft: 

Morus alba pendula on to M. alba tatarica at 6'. Triang
ling proves to be better than any other form of grafting. 

Quer·cus pedunculosa is used as understock for Q. pedun
culosa fastigiata and stocks exceeding 1'' caliber are proving 
best. A point is not to graft too low on the stock where the 
bark is very thick but 4 to 5'' up from the neck. The main point 
is to make sure that the thick bark is not mistaken to be a good 
fit, but that cambium lies on cambium. Q. petraea columnaris 
is done on the same understock. 
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is our· last spring item and beside grafting fairly high 6-8'' off 
the ground, we found 2 and 3 year old wood has given best re
sults, provided good buds are retained. While results with 
Fagus are only in the 25 - 30 % success range, most of our 
other graftings are very successful, usually in the higher 80 % . 

Aesculus hippocasta1lu·m is used in the summer as soon as 
scions are available and are inserted on the side of the stock in
to a T cut, well waxed, and if car1·ied out early enough so that 
enough callus is formed, very successful. Waxing and defoli
ating is a necessity. Not only the forms of A. hippocastanum 
such as A. h. plena, A. h. car·nea, A. h. b1·ioti, but also A. h. par
vifolia can be propagated and much more successful than by 
budding. 

After care of grafted plants consists of cutting off the 
raffia tie after the graft has knit well and shows signs of 
growth. Staking of too vigo1·ously g1·owing grafts to prevent 
blowing out by high winds, and whe1·e necessary, pinching for 
bushier growth a1·e car1'ied out. The wound covering is taken 
off on a cool day, when it does not stick. 

MODERATOR CANNON: Ou1· next paper, ''Four Years of Nut 
Grafting Chestnut'', will be presented by Dr. Richard A. Jaynes. 

FOUR YEARS OF NUT GRAFTING CHESTNUT 
RICHARD A. JAYNES AND GEORGE A. MESSNER' 

Several clones of chestnut have been selected and named 
because of desi1·able cha1·acteristics of blight resistance, form, 
vigor, and nut bea1·ing. Many of these, selected primarily for 
orchard traits, are Chinese chestnuts, e.g. N anking, Orrin, and 
Crane; others, selected largely for ornamental or forest use 
are complex hybrids between the Chinese, Japanese, and Amer
ican chestnut, e.g. Clappe1·, Sleeping Giant, C9. Unfortunately 
large scale propagation of these or other chestnut clones has 
never proven feasible in the United States. Spring grafting 
with dormant scions has met with limited and variable success. 
Budding has failed, and the rooting of cuttings by many meth
ods has invariably met with complete or nearly complete failure. 

In 1963, Moore ( 4) described befo1·e this group a promis
ing method he called the nurse-seed graft. The technique in
volved the grafting of a dormant scion into a germinated nut 
from which the root and shoot had been removed. Substances 
in the cotyledons of the nut p1·esumably stimulated root forma
tion from the scion near the area of contact. In 1965 one of us 
reported (3) the results of 450 nurse-seed grafts of chestnut 
using several clones and seed sources. Although roots were 
readily formed they did not arise from the scion, but differen
tiated from the seed nut near the surface of the cut petioles. 
Since the nut is more than a ''nurse'' - it contributes the root 
1Genet1cs Departn1ent, The Conncct1cut Agricultural Experiment Station, New Haven, Connecticut, 
and New England Nut Tree Nursery, \Vapp111g, Con11cct1cut, rcspcct1vely 
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system - the method is more app1·op1·iately called rt'ut g'1·aftirtg. 
The potential advantages of the nut gra1'ting technique include 
the following; large stock plants a1·e not needed, grafting is 
done indoors, timing is not critical, and the technique is rela
tively simple. However, more expe1·ience was needed. The 
following is a summary of our successes and failures with nut 
grafting over the past fou1· years. 

Technit1ue 
1'he nut g1·aft method used ( 3) is summa1·ized in Figu1·e 

1. This technique differed f1·om Moore's in that the nuts were 
at an earlier stage of germination; the epicotyl and secondary 
roots were gene1·ally not evident. 

The first yea1· all g1·afts were placed in a polyethylene en
closed p1·opagating f1·ame in a greenhot1se and, though this 
was used for two additional years, we have also had three 
yea1·s expe1·ience with enclosed outdoo1· frames. Grafts we1·e 
set in the greenhouse f1·ame from January through June, and 
in the outdoor f1·ame from March 27 to May 30. They were 
placed with the union about 11/2 inches deep in a mix of 5 parts 
sphagnum peat moss to 2 pa1·ts coarse perlite or vermiculite. 
It was found that the grafts grew better in the mix containing 
ve1·miculite. The medium was kept at a.bout 70° F; the air 
temperature fluctuated. 

Grafts started in the greenhouse f1·ame were moved short
ly afte1· 1·ooting, usually within 1 to 2 months, ,vhereas in the 
outdoor frames they were left in place fo1· the full growing sea
son. In the latter beds a 2 inch layer of sandy loam under the 
4- to 5-inch layer of peat-ve1·miculite helped sustain growth. 
Under the loam was hardware cloth and electric cables, which 
in turn rested on sand and gravel. After rooting, light appli
cations of complete fertilizer were added every 3 or 4 weeks 
until mid-August. 

Time is important with any propag~ttion method; we esti
mate that each graft takes app1·oximately one minute to com-
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l•1gu1c I "J"J1e 11t11,e-,ccd giaft ;\) 'J"wo view, of ,c1v11 p1cparccl ,v1th wcdgc-
sl1apcd ct1t B) Ge1·111111at111g 11111. Dasl1ed J111c· 111d1cJte, cut tl1,1t will 1c-
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Knife blade 111se1·tcd 111 1111t E) 'l'\\'O views of co111pleted graft, scio11 111-
serted 111 11111 (afte1 Jaynes 1965) , 

306 



p]ete. Thus, one man could graft approximately 500 nuts in a 
day, providing he did not have to keep track of many scion and 
nut sources. 

Results 
Over 5,600 nut g1·afts (Table 1) were made between 1964 

and 1967 using numerous clones and nut sources. As previous
ly reported, the time of grafting (from January to June) has 
little effect on success. Scions grafted in January and Febru
a1·y broke dormancy more slowly than those grafted later. Root 
formation usually occurred within one month. Large nuts, 
about 10 grams, generally made better stocks than small nuts. 

Fu'rtgicides arid G1·owth Regulato1·s 
Prio1· to grafting, scions and nuts were dipped in a 0.06% 

w/v solution (1 tsp/gal) of 8-hydroxyquinolin sulfate to inhibit 
fungal contaminants. A test with this substance the first year 
indicated there was no harmful effect on the grafts; however, 
some decay of young grafts still occurred. To counteract this 
another fungicide was tried. A heavy suspension of thiram 
(Arasan 75) was sprayed a1·ound the union of 40 completed 
grafts before placing them in the frame. Compared to an 
equal number of untreated grafts, survival was reduced 22%, 
from 68% down to 46 % . Thus the use of Arasan was discon
tinued. 

In another test 0.8% indolebutyric acid (Hormodin Pow
der No. 3) was applied to the union of 20 grafts. Survival after 
two months was 80% as compared to 7 4 o/o for 19 control grafts. 
A mixture of indolebutyric acid, naphthaleneacetic acid and 
thiram (Rootone F) was similarly tested on 2,200 gra.fts. Sur
vival of the treated grafts was slightly better than the con
t1·ols, 38% versus 34 o/o. Thus it appears that the application 
of growth regulators might be beneficial. 

'l',tblc J Nttl g1afl ~lllVJVdl 

Luc.1t1u11 
of frJ.me 

Greenhouse 
Greenhouse 
Greenhouse 
Outside 
Outside 
Outside 

Year 

1964 
1965 
1966 
1965 
1966 
1967 

1Recurdcd 1 .. 2 1nonths .1ftcr grJ.ft1ng 
2Rccorded 2 months after grafting 
3Recorded 6·9 mo11ths after grdft1ng 

Number of 
graft..., 

469 
439 
283 
862 

2331 
1300 

NumbLr 
v.'1th roots 

2461 

211' 
164' 
185' 
859' 

4 

Percent 
survival 

50 
48 
58 
22 
37 

"Not tabulrttcd, but results poor due to adverse co11d1t1on~ dcvclop1ng 111 frame dur111g 
callus and root formation 
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O·utdvv1· F1·a·rrie 
Three years experience using an er1closed, heated, outdoor 

bed demonstrates that an outdoor frame can work as well as a 
bed in the greenhouse (Figu1·e 2). For instance, of 378 grafts 
of the Nanking clone on Nanking nuts 48 pe1·cent we1·e root
ed and alive at the end of the fi1·st growing season. At that 
time they were up to 40 inches high and ave1·aged 12 to 18 
inches in height. 

One of the reasons fo1· the lower ave1·age of successful 
g1·afts in the outside f1·ames was the difficulty in maintaining 
adequate tempe1·ature and humidity control. The humidity 
needs to be high, althoug·h a satu1·ated ittmosphe1·e may not be 
necessary. G1·afts in an open g1·eenhouse bench were unsuc
cessful as were g1·afts in an enclosed bt1t unheated outdoor bed. 
Poor 1·esults in one frame in 1967 were att1·ibuted partly to 
high and near lethal temperatures which inadve1·tently built 
up in spite of two layers of shade cloth. Maintenance of prop
e1· conditions is important during rooting as well as during the 
hardening off period immediately after 1·ooting. The second 
cause for disappointing results in 1967 was attributed to poor 
scion wood. As with any grafting p1·ocedure the scion and 
stock material must be in excellent condition. 

C o·r1ipatilJilit11 
In a compa1·ison of 30 grafts each <)f 9 hybr·ids, 7 of the 9 

clones unexpectedly had highe1· su1·vival on Chinese nuts than 
on their own res.pective nuts-for each hybrid 15 g1·afts were 
on Chinese (Hemming) nuts and 15 were on nuts of the re
spective hybrid. Other comparisons also indicate that species 
or hyb1·ids do not necessarily graft best on their own nuts. 
Among the most successful combinations, e.g. 84 % survival 
f1·om 31 grafts afte1· the first g1·owing season, were Chinese
seguin hyb1·ids on Chinese 01· Chinese-hybrid nuts. Hybrid 
clones with seguin parentage grafted better than other scion 
sources regardless of the nut source. In spite of the large 
number of combinations tested it is not possible to recommend 
specific scion-nut combinations. 

Translocation of Root P1·0·1noti1ig Substa1·ice 
To test the theo1·y that the nt1t might transmit a 1·oot p1·0-

moting substance to the scion, 70 scions consisting of two dif
fer·ent clones we1·e g1·afted with the nut on top of the scion. 
The graft was made as described in Figu1·e 1, except that the 
wedge-shaped cut was made .1 ust above a bud on the scion, and 
the nut ,vas placed on top of the scion. The nut and upper 
po1·tion of the scion we1·e w1·apped in alumi11um foil. The base 
of the scion was cut on a slight slant and placed in the medit1m. 
It was hoped that a root inducing substance might be translo
cated from the nu'c, down to the base of the scion where it 
would accumulate and stimulate 1·ooting. Good union and callus 
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for·n1atio11 occu1"1·ed between the nL1t an.d scion, but no roo•ts 
f 01·med on the scio,n s . The I·est11ts were the s.ame in a nother 
tr·ial where s·cio·n•s vvere grafted into the cotyledo•n tissue of 
nuts at po1int•s other than whe1"e the petioleR em.erge- no11e of 
the scions formed l"01ots. 

T 1··a)l,SJ:Jlan ting a.nd Field Su1·i 1i1.,al 
Trans.planti11g of 1--ooted g1--aft·s c1 uring the growing sea son 

wa·s gene·rally not practical bec·a.use of t ransp.Janting ''shock'' 
and limited st1bsequent growth. An attempt to root grafts i11 
i11dividt1a l paper co-ntainers to faci litate moving them was 
witho11t notable st1cces:s. GI··a f ts s·tarted in an O•ut.do,or f1"ame 
could be left in place for at least one f t1ll growing s.e,ason; 
however , t heir s u1"vival thro,;ugh the first vvi11ter has been a 
p1~oblem. Th·e scio11s appear to be hig·hly s uscep,tible· t.o winte1" 
damage, and often have loose, ~Pli t bark in the spring. This 
problem is n ot t1niqt1e to 11ut grafts, bL1t has been rep,orted on 
gr·a.fts of citI'US and o•t.he1-- nt1t tr·ees ( 1) when t he graft union 
is low. Pre ·un1ably the scio11 wo,od f rom a ''mat11r·e·'' tree do.es 
not becom e conditionecl to the· ext1·,eme tempe1 .. att11·e f lL1ctua
tions near the ground as 1"'eadily as ''.i L1ve11ile'' wo,od. Ye,t ther·e 
is n o dot1bt that these nt1t grafts can be over-wint.ered, for we 
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now have several of bearing age; but the percent surviving has 
been very low due to insufficient protection. 

Rooting of Scions 
In contrast to observations by Moore ( 4) and Goggans 

and Moore ( 1) no root formation on the scion proper has been 
observed on any of our grafts during the first growing season. 
Twenty-five 2-to 4-year old grafts were examined and only 
one of them had any roots from the scion. 

Summary 

Nut grafting has met with qualified success in enclosed, 
heated, outdoo1· frames. Survival of 45-80 pe1·cent has been 
obtained for several scion-nut combinations. A nut graft is a 
conventional graft made in an unconventional way. Roots 
arise from the stock nut, seldom from the scion. There is need 
for further refinement of conditions required for consistent 
success with the nut grafting technique. Young graftR are 
RURceptible to winter in.i ury and will require protection. 
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MODERATOR CANNON: The program now calls for a dis
cussion period of the three papers which you have just heard. 

ROBERT FARMER: Have you tried the nut grafting on oak? 
RICHARD JAYNES: We have tried the nt1t grafting on oak 

and have had very limited success. I know it can work, but I 
queE:tion its ultimate practicability. 

JAMES WELLS: I would like to ask Mr. Girouard about the 
origin of a root from callus. I did not know that roots would 
originate in callus. We have often been told to remove a large 
amount of callus when it forms at the base of a cutting and I 
would like to know whether this is an advantage or a disad
vantage? 

RON GIROUARD: My experiences a1·e limited to the adult 
form of the English ivy and to spruce, with which I am work
ing now. For those two plants callus seems to be beneficial. 
What happens is a group of cells within a portion of the callus 
become meristematic. Then vascular tissues begin to grow 
out from the 01·iginal stem and link up with the developing 
meristem. 
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DICK FILLMORE: I would like to ask Dr. Jaynes what tis
sues form the graft union in his nut-grafting technique? 

RICHARD JAYNES: we obtain a union at both the cotyledon 
petioles or the extensor tissues which connect the cotyledons 
with the developing seedling and also directly with the cotyle
donary tissue itself. The most rapid union formation and the 
place where the roots initiate is the cotyledon petioles or st11bs 
which remain after the young seedling is cut away. 

MARTIN VAN HOF: I would like to ask Dr. Jaynes if he has 
planted the chestnuts and then grafted on the young seedlin_gs 
during the normal growing season? 

RICHARD JAYNES: Yes. we have tried that but have met 
with very varied degrees of success. We seem to have mo1·e 
success grafting and top working Chinese chestnut and in 
southern areas such as Georgia, and Maryland. However, in 
our area in Connecticut, we have not had good success. Con
ventional grafting has not p1·ove11 feasible for any commercial 
nurseryman as yet. 

MODERATOR CANNON: To start off the second portion of 
this morning's program we have Dr. Fred Lanphear who will 
speak on some new developments for weed control in trans
plant beds and field liners. 

SOME NEW DEVELOPMENTS FOR 
WEED CONTROL IN TRANSPLANT BEDS & FIELD LINERS 

F. 0. LANPHEAR 
Pu1·clue University 
Lafayette, J1idia1ia 

The problem of weed control in transplant beds and field 
liners cannot be adequately covered in a few minutes, but I 
would like to discuss some new concepts that are particularly 
relevant to the topic. Needless to say, the problem of weed 
control in nurseries is of great magnitude, particularly in rela
tion to transplant beds. In fact, estimates of weed control 
cost have been as high as $6000 / Acre/year for transplant beds 
where weeding was by hand. (1) Cost in field liners have 
ranged from $125.00 to $600.00 / A/year with manual or me
chanical means. It is imperative that these costs be reduced 
since the cost of manual labor is continuing to increase at a 
rapid rate. The appearance of herbicides on the scene provide 
some tremendous possibilities in solving this problem. 

Basically, herbicides are plant poisons. Fortunately, they 
are selectively poisonous. This selectivity is based on a num
ber of factors, including the ability of some plants to degrade 
the chemical or inactivate it in some way while others do not. 
One of the ma.ior factors in selectivity is the immobility in the 
soil once they a1·e applied. 'This immobility allows the herbi-
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cide to prevent or kill germinating weed seedlings nea1· the 
soil surface without allowing the herbicide to move into the 
root zone of the desired plant. However, the more shallow
rooted plants are consequently more sensitive to herbicides. 
Y ot1ng transplanted stock and field liners fall into this cate
gory. 

Traditionally researchers looked fo1· one he1·bicide that 
wot1ld control a broad spect1·um of weetis without causing i11-
j ury to the desirable plants. This is asking a lot from one 
chemical, since usually a he1·bicide will be effective on a par
ticular group of weeds, such as the grasses, while being less ef
fective on others. To make it more effective for a broader 

, spectrum of weeds it was sometimes necessary to recommend 
higher rates. Unfortunately, higher rat,es increased both cost 
and possible toxicity. 

1] would like to illustrate an example of this and an alter
native approach to increas.ing the concentration or looking fo1· 
another ''wonder'' herbicide to do the tc>tal .i ob. 

Simazine is a herbicide that has been used extensively by 
nurserymen with varying degrees of success. At the recom
mended rate of 2-3 lb/ A of the active chemical, which is equiva
lent to 50-75 lbs of the 4 o/o commercial formulation, simazine 
will control a broad spectrum of weeds, but it also is toxic to 
many woody ornamentals such as Euonymus spp., Fo1·sythia 
spp., Lonice1·a spp., and Liqustrum spp. At lower rates, sima
zine is effective on many weeds but will 11ot control the grasses. 
Consider the possibility of combining simazine at the low rate 
with another herbicide that would be effective on the grasses. 
There is such a chemical available in the form of diphenamid. 
Diphenamid, which is available commercially as Dymid or 
Enide, is a very safe he1·bicide on most ,voody ornamentals but 
is ineffective on many weed species othe1· than grasses. 

As shown in Table 1, simazine at 1 lb/ A was relatively in
effective on grasses as was diphenamid on broadleaf weeds. 
However, the combination of these gave complete weed control 

Tal>IC I The cffective11ess of ~in1a1i11e ancl d1pl1en;1mid alone ancl 111 combi11a-
t1011 011 wcccl co11trol Applied on Jt111e 4, 1964 

Hcrb1c1dc 
trf'atmcnt 

Control 
Simazine 
Simazine 
Diphenamid 
Simazine 
+ Diphenamid 

Rate 
(lh/ A) 

0 
4 
1 
6 
1 
6 

\Vecds Counted Jt111c 24, 1964 
nrasscs Rroadlcavcd 

\Vecds 

1\,•er,1gc n11ml1c1 ot wcccls per sqt1are ft 
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117.2 
.5 

15.4 
.1 
0 

104.8 
.1 

5.6 
7.1 

0 



and at the same time lowe1·ed the concentration of simazine to 
a non-toxic level. 

The reduction in injury using this combination of the 
herbicides simazine and diphenamid at reduced concentrations 
was shown on many species normally susceptible to simazine 
(Table 2). This principle of combining herbicides which is 
bei11g explored in other c1·ops opens new pathways in solving 
weed problems i11 nu1·sery plantings. 

Tal)le 2 Tolera11ce of selectecl ,vc,c,cly a11cl l1e1·baccot1s 01·11an1entals to the co111-
binat1011 of s1111a11ne (I 11)/t\) a11cl d1phe11a1111cl (6 lb/A) 

* E1.to1iymus fo1·tu11.ei 'Coloratus' 
Vinca m1:1io1· 

* Forsytliia inte1·meclia 
~' Ligust1·um. ol)tusif olium 'Regelianmum' 

Pachy.<ia11.d1·a te1·1n.inali,'I 
Sedum ac1·e 

,,, Ajuga 'Metallica Crispa' 

*Frequently 1n1urcc.l l)y rcco1n1nlnclc<l r,1tc of s1n1az1r1•~ 

No 
No 

' . 1n,1ury 
• • 1n,1u1·y 
• • No 1n,1ury 
• • No 1n.1u1·y 
• • No 1n,1ury 

No in.iury 
-- 50% killed 

However, as shown in Table 2, the combination approach 
does not solve all the p1·oblems since A,it1ga was severely injt11·
ed with the combination. 

At t.he same time we we1·e investigating the use of herbi
cide combinations, we became interested in a technique being 
used in England to inc1·ease the tolerance of plants normally 
susceptible· to a partict1lar he1·bicide. The technique, which 
has been used successfully on strawberry plants, utilizes acti
vated ca1·bon ( charcoal) which is applied to the roots of the 
plant before planting. The principle on ,vhich this is based is 
similar to that of the activated carbon in a filter cigarette. The 
finely powde1·ed carbon adso1·bs many chemicals onto the sur
face, thereby inactivating them. Therefo1·e, if a herbicide 
shot1ld move into the 1·oot zone of the newly established rooted 
cutting or seedling, it will be adsorbed by the ca1·bon, thus 
preventing it from bei11g absorbed by the plant and causing 
• • 1nJury. 

The technique has been used with different sensitive spe
cies, with va1·ying deg1·ees of success. As shown in Table 3, 

·rable 3 Tl1c e[fcct1vc11css of ac11va1ctl cJ1 !)011 111 p1 evc1111ng s11naz111e 1n1ury to 
/~11n11y1n111 Jn1 /1111(11 'C:0!01 ,1111,· 

Treatn1e11t 

Control 
Simazine (3 lb/ A) 
Simazine ( 3 lb/ A) 
+ Activated carbon 

o/o I111111·ccl 

31 '.I 

0 
50 

8 

% Dead 

4 
8 
4 



the simazine in.jury at the 3 lb/ A rate was greatly reduced by 
the use of activated carbon. Thus, the dipping of the roots or 
peat pot of young plants in a 10 % slurry of activated carbon 
provides a method of decreasing the risk factor in the use of 
toxic herbicides, by actually increasing the tolerance of many 
otherwise sensitive species to herbicides. 

The last technique I would like to discuss is the possibility 
of applying herbicides to transplant beds in combination with 
mulches. Mulches are frequently used to help reduce weeds 
and provide more favorable growing conditions. Yet mulches 
seldom completely control all the weeds. By incorporating a 
herbicide into the mulch it may be possible to get more com
plete control of weeds at the same time the mulch is providing 
other benefits such as increased moisture retention and reduc
ed temperature fluctuations in the root zone. 

The technique has been evaluated over the past 3 to 4 years 
in Indiana and New York (2). The results have been better 
than was expected. As shown in Table 4 the incorporation of 
dichlobenil (Casoron) in the mulch not only provided more 
effective weed control than either alone, it extended the weed 
control into the second year. This can be partially explained 
by the nature of dichlobenil which is quite volatile unless incor
porated into the soil, mechanically or with irrigation. 

'"l'alilc 4 l'c1·,istc11cc of l1c1·l>ici<le activity ,vl1en incorporate<! i11 a n111lcl1 ,111 
wcccl cont1·0I 111 tra11~pla11t l>cds 

· 1'1 eat 111c11 t 
(/IIIIC, Jll(jr,) 

T1n1c of \Veed C'.ot111ts 

At1g Oct. l\'lay At1g. 
1965 1%5 1qc,c, 1qc,c, 

-------·---------------------------

Control 
2'' peat moss 
Dichlobenil ( 4 lbs/ A) 
2'' peatmoss + 

dichlobenil ( 4 lbs/ A) 

Avc1age 1111111l1e1· of wcerls per sq ft 

31.5 5.9 7.6 7.4 
1.6 1.9 15. 7 5.6 
7.4 3.2 7.2 6.8 

0 0 .1 1.2 

The incorporation of dichlobenil into the mulch provides 
the same type of volatility barrier. Another advantage of the 
herbicide mulch combination is the relative ease of application. 
By mixing the herbicide into a mulch in the proper proportions, 
as indicated in Table 5, a uniform and accurate application can 
be achieved by _just controlling the depth of the mulch. 

The other important consideration is the effect of this 
technique on plant performance. In Table 6, the increase in 
growth of Spiraea vanhouttei as measured by fresh weight is 
quite apparent from increasing the depth of the mulch. Simi
lar results were obtained with Coto1iea.<Jte1· acutifolia, Lon.ice1·a. 
zal)eli ancl W eigela. flor·1·c1a .. Part of this growth response may 
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Table 5 l'roport1011 of herb1c1clc to n111lcl1 i11 1l1e preparation of n1ulcl1es i11cor 
porated w1tl1 herbicide 

Desired Depth 
of M11lcl1 

inches 
1 
2 
3 
4 

,\ 1 ea Cove1 age 
I>)' I c11 ft 

sq. ft. 
12 

6 
4 
3 

*(~.1i:nrnn C.\flfCS'<f"d in gn1s of ron1mcrc1nl forn1t1lat1011 (4o/n) 

Amo11nt of 
Caso1·011" pe1· 

c11. ft (if m11lcl1 

gms/cu. ft. 
12.50 

6.25 
4.17 
3.13 

be due to the nutritive value of the mulch which contained 2 
parts shredded bark to 1 part composted sawdust, which pro
vides a slow release of nutrients. This suggests a 3 in 1 ap
proach: weed control plus moisture retention and temperature 
moderation plus fertilization all in a single handling. 

1'able 6 l~ffect of 11111lcl1-l1c1·b1c1clc co111li1nation 011 growtl, of Va11l1011tte spirea • 

Dich \obe11il l)eptl1 of M11lch (111) 
(111/A) () I 2 4 

,\ ve1 age f1 e~l1 Weigl1t /plant (gms) 

0 17 15 37 59 
2 17 
4 20 15 42 59 
8 63 

*S1m1lar re.stilts obtained \.\'1th Cranhcrr\ cotoneai;:tcr. Zahel honeyst1cklc, and Rose v...e1gela 

In summary the incorporation of Casoron in an organic 
mulch provides a relatively easy method of application. It is 
only necessary to control the depth of the mulch containing the 
proper proportion of the herbicide for effective weed control. 

l.JTF,RA l'lJR F. CJTF .. D 

I Joh11~on, Oscar S., 1967. C.osts of N111·~c1 y Wec(I Co11trol. Amer N11rseryma11, 
Jtily 15, I 967. 

2 B111g, Arth111· 1965 Tl1e IT~e of He1J11cicle w1tl1 l\,l11lcl1e~ Proc North-
eastern ,v eecl C.011 t 1 ol Co11 f c1·c·11cc IC)· I G7-172 

MODERATOR CANNON: The next speaker on the program is 
a person whom you all know, Dr. Sidney Waxman. Sid will 
speak on the use of fluorescent lights for propagation under 
semi-controlled environments. 
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FLUORESCENT LIGHT INTENSITY AND PROPAGATION 
UNDER A SEMI-CONTROLLED ENVIRONMENT 

SIDNEY WAXMAN 
Ur,,iversity of Co1inecticut 

Stor1·s, Connecticut 

INTRODUCTION 
In a previous paper presented to the Society on the root

ing of blueberry cuttings, the author mentioned the possible 
economic benefit of rooting cuttings under fluorescent light. 
rather than sunlight (7). 

The ma.ior reason the use of fluorescent light may be more 
economical than sunlight is not due to the source of light, but 
to the types of structures that are used in con.junction with 
these sources of light. 

In using sunlight, one is limited to the use of a glass or 
plastic greenhouse in which the heat losses are rather high. By 
the use of fluorescent light, on the other hand, almost any type 
of structure may be used. Ideally, of course, it would l>e one 
that is well insulated. 

The advantage of using an insulated building is that its 
heat losses during the winter months would be far less than 
that of a greenhouse. 

Another and equally important advantage is that within 
such a building, conside1·able control of the environment is 
possible. Rapid changes in temperature and humidity that 
occur in greenhouses do not occu1· in the insulated house be
cause the:-:,e conditions are not so easily influenced by changes 
in the weather ( 4,5). 

Cuttings placed under a uniform environment, i. e., one 
that does not have wide fluctuations of light, temperature, and 
humidity, \vould, most likely, have rooting percentages that are 
far more consistent than would cuttings placed in greenhouses 
"'here these fluctuations occur spontaneously with each cloud 
that passes by the sun. 

The decision as to whether the insulated p1·opagation 
house is truly an i1nprovement over the glass or plastic propa
gation house rests mainly on their costs of operation. 

In the insulated propagation house where sunlight cannot 
enter, the ma.ior expense will be the cost of providing an artifi
cial source of light, the fluorescent lamp. 

The amount of light necessary to keep cuttings healthy 
and at the same time encourage root initiation, will determine 
the approximate cost of lighting. 

Fortunately, many improvements in the manufacture of 
fluorescent lamps have taken place in the past twenty years. 
The life expectancy of the lamp has been increased to approxi-
mately 12,000 hours (1). ,. 

Since 1950, the 40 watt cool white fluorescent lamp has 
had its initial light output increased 48 o/,1 ( 1). In addition, 
there have been developed fluorescent tubes capable of pi·ovid-
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ing wave lengths of light 1·epo1·ted to be particularly effective 
fo1· plant growth pui·poses (3). 

In this study an attempt was made to determine whether 
ce1·tain selected ornamentals would 1·oot under fluorescent 
light, and, if so, determine the influence of light intensity on 
the numbei·s of 1·oots initiated. 

The idea of 1·ooting cuttings under fluorescent light in in
sulated buildings was 1·epo1·ted by Stoutemye1·, Close and 
O'Rourke in 1945 (4), Stoutemyer and Close in 1946 (5), and 
by Chadwick in 1949 (2). However, this system p1·oved to be 
unsuccessful when attempted on a comme1·cial scale. Perhaps, 
with the use of mist, and with the improved fluo1·escent lamps 
that are now avaailable, these concepts may now be car1·ied out 
successft1lly and be competitive with greenhouse propagated 
cuttings. 

Met ho els and Materials 
T,vo p1·opagation benches used in this expe1·iment wer·e 

placed in an unused room of an apple storage building. A bank 
of fluorescent lamps placed on an angle provided a range of 
light intensities. Each bench was partitioned with aluminum 
foil-backed paper to p1·ovide a total of six compartments, each 
having a different intensity range. 

]n the compartment nearest the lamps, the intensity rang
ed from 430 to 470 footcandles. The compartment farthest 
f1·om the lamps was illuminated with only 35 to 60 footcandles 
(Table 1). 

With the exception of the three chrysanthemum varieties, 
all cuttings were taken from plants that had made a flt1sh of 

·1·,,11Ic I lltJ(Jllllg of Ct1lt111gs 1111<ler 1\11,1 wf11le EXJ)Usc<l tu V,11 IUlls 111tc11,1l1c, 
of 1'11101 CstCllt L1gl1t 

l'c1 Ce11t Route<l 

N,1mc 
35-60 90-120 160-180 185-250 125-410 410-470 

fe fe fe le le le 

Be1·be1·is Che1iaulti·i 100 100 100 100 100 100 
Buxus 'Varda1· Valley' 58 50 91 50 41 50 
Jiirtipe1·us lio1·. Doug. 20 88 88 20 100 100 
Junipe1·z1s ho1·. Wiltoni 80 40 80 90 100 90 
Kalmia latifolia #137 0 60 20 30 30 0 
Rhod. ca1·ol. pink 60 50 90 60 50 40 
Rhocl. miic1·01i. 75 70 85 85 75 90 
Rhocl. 'Exb. hyb.' 83 100 100 83 100 100 
/lex c1·enata 100 100 100 100 100 100 
Pachisti1,ia Ca:1ibyi 100 100 100 100 100 100 
Pachysa1icl1·a ter·m. 100 100 100 100 100 100 

Mean 70.5 78.0 86.7 74.3 81.5 79.0 

317 



growth a11d whose stem tissue had recently become firm. 
The chrysanthemum cuttings were made of tender termin

al shoots in active growth. In the latter case, the tender cut
tings, presumably low in stored carbohydrates, were used to de
termine if such cuttings would survive the low intensities used 
in this study. 

All cuttings were rooted while under a mist system which 
p1·ovided two seconds of mist every 10 minutes. A tempera
ture of 70° F., was maintained in the medium throughout the 
experiment. The air temperature varied from 50 to 75° F. 

The light sources were eight-foot-long cool-white fluores
cent lamps, in addition to seve1·al incandescent lamps which 
were employed to provide the longer wave lengths of light in 
which the cool white lamps were deficient. 

All species were treated with Hormodin #3 plus Captan 
except for the ericaceous plants which we1·e dipped in ''Jiffy
gro'' one-tenth strength. 

The lights were controlled by a time-clock and were on 16 
hou1·s daily. A mixtu1·e of equal pa1·ts of peatmoss and Perlite 
served as the rooting medium. 

Responses of the va1·ious species to the six different light 
intensity ranges were judged by the size of their root systems. 

Roots were counted on those species whose primary roots 
were easily distinguishable, while those species having contig
uous roots and difficult to count, were given an arbitrary cate
gory according to the overall size of the root mass. 

Results 

All species initiated roots with fluorescent light as the 
sole source of radiant energy. For the majority of the species, 
the percentage of cuttings rooted was similar among the ranges 
of light intensity employed. (Tables 1, 2, 3, 4, 5). 

With few exceptions, the percentage rooting was lOOo/o in 
all intensities for the Exbury Hybrid azalea, !lex crenata, Ber
be1·is Che1,iaultii, Pachistima Canb11i, Pachysandra te1·minalis, 
and the chrysanthemum va1·ieties: 'Grandchild,' 'Sleighride,' 
and 'White Keepsake' (Table 1, 4). 

'l',tblc 2 Root111g ol Ct1tti11gs 1111dcr !\-!1st wl11le Expo!>ell to va11ot1, l11tc11,it1cs 
of Flt101c,cc11t L1gl1t 

1\ vc1 age N 11111bct ol Root,f Rootcd Cu tt111g 

Nan1c 

Berberis Chenaultii 

J 5 ,60 
le 

2.4 
Buxus 'Va1·dar Valley' 2.3 
Juniperus h01'. Doug. 1.0 
Junipe1·us hor. Wiltoni 4.3 

Mean 2.5 

90-120 160-180 185-250 325-430 430-470 
le le le le k 

1.8 2.2 2.0 2.2 2.8 
2.7 6.2 2.7 1.8 2.0 

12.6 11.6 11.5 20.0 15.4 
3.0 4.3 3.7 3.6 5.0 

5.3 6.1 5.0 6.9 6.3 
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"l'al.Jlc 3 Rt>0W11g ,,I Ct1tt111g, U11,lc1 l\11,1 Wl11lc 1'XjJu,ctl lo va11011, J11le11,1t1cs 
of }<'J11urc,ce11t Light. 

Name 

/lex c1·e1iata 
Kal·mia latifolia #137 
Pacliisti11ia Caribyi• 
Pacliysa1id1·a te1·1n. 
Rhod. ca1·ol. pink 
Rliod. 'Exb. hyb.' 
Rhod. 1nuc1·on. 

Mean 

Deg1 ec ul Root111g " 

15 ·60 
fc 

1.2 
0.0 
1.0 
2.0 
1.7 
3.0 
2.5 

1.6 

90·120 
fc 

2.3 
2.0 
2.0 
2.0 
1.8 
2.8 
2.9 

2.3 

160•180 181·2\0 125·410 410•470 
fc fc fc le 

2.7 2.8 2.8 3.0 
3.0 1.0 2.0 o.o 
3.0 3.0 3.0 3.0 
2.0 2.0 3.0 3.0 
2.7 1.8 2.2 2.0 
3.0 3.0 2.5 3.0 
2.3 3.0 2.5 3.0 

2.7 2.4 2.6 2.4 

" 0 _______________ 110 1 out, 

I -------------- f c,v I 00 t, 
'.! ____________ 111c<l , outs 

3 ---------- 111,lllY IOOIS 

The pe1·centage 1·ooting of Juriipe1·us lio'l·izo·1italis Wiltoni 
and Ju1iipe1·us ho1·izoritalis Douglasi was over 80 o/v at all inten
sities except for three groups in which rotting was observed at 
the bases of the cuttings. 

The 1·emaining species belong to the category of plants 
known to be difficult to root. Of these, Rliodoclerid1·o·ri 
·muc1·onulatum rooted at percentages of 70 th1·ough 90 and ex
hibited no cor1·elation between light intensity and percent root
ing. Buxus 'Varda1· Valley' and Rhododendr·on ca1·olinia1·iu1ri 
'pink' had pe1·centages between 40 and 60 at all intensities ex
cept for 90% and 91 % at the medium range of 160 to 180 foot
candles. Again, no correlation could be made between intensity 
and 1·ooting percentages. 

Mountain laurel, Kalmia latifolia #137, notoriously diffi-

'I'.11.Jle 4 Ruut111g of C111t111gs u11<lc1 l\11,L ,vl11lc l.i..po,c,1 to va11ous l11tc11,1l1c, 
of l·luo1e,cc11t L1gl1t. 

3/3/67 - 3/17/67 
Pei Ce11 L R<)Ote<l 

35•60 90•120 )60•180 185•250 325•410 410•470 G1cc11l1ousc 
Name fc fc fs fc fc fc !looted 

Har·dy Mums: 
Chrys. ''Grandchild'' 90 100 100 100 100 100 100 
Chrys. ''Sleighride'' 100 100 100 100 100 100 100 

G1·eerihouse Mu1ri 
Ch1·ys. 

''White Keepsake'' 100 100 100 100 100 100 100 

Mean 96.6 100.0 100.0 100.0 100.0 100.0 100.0 
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cult to root, 1·ooted in all ranges except for the lowest and high
est intensities ( Table 1) . 

Differences in the numbe1·s of 1·oots developed (Table 2) 
or degree of rooting (Table 3) that may be correlated to light 
intensity appeared on only four species: Junipe1·us ho1·izontalis 
Douglasi, !lex c1·enata, Pachistima Ca11,byi, and Pachysand1·a 
te1·minalis. Although the1·e are indications of reta1·ded root 
development under the lowest intensity ranges, the diffe1·ences 
are small (Table 2, 3). 

Chrysanthemum cuttings exhibited differences in root de
velopment according to the intensity to which they were expos
ed. For all three varieties, the smallest mass of roots appear
ed on those cuttings exposed to the 35 to 60 footcandle range. 
The 1·emaining g1·oups were similar and illustrated no definite 
correlation between intensity and root initiation. 

Ch1·ysanthemums rooted unde1· the fluorescent lamps com
pa1·ed favorably with those 1·ooted in sunlight in a greenhouse 
(Tables 4, 5) . 

Except for a single cutting, all cuttings of all varieties 
1·ooted within 14 days. The extent of root initiation of the har
dy varieties: 'Grandchild,' and 'Sleigh1·ide' p1·opagated under 
fluorescent light intensities greater than 90 foot candles, was 

·,·dole 5 llool111g ol Ct1lt111g, 1111,!c, 1\·!1,t wl11lc Exr,o,c,! lo Vdl 1011, I11tc11,1t1e, 
of l•lt101c,ce11t L1gl1t 

l)cg1 cc ol Rooti 11g " 

Name 

Ha1·dy Mu·m::;: 
Ch1·ys. ''Grandchild'' 
Chrys. ''Sleighride'' 

G1·ee1·1,house Mu1ri: 
Chrys. ''White Keepsake'' 

Mean 

15·60 90·120 160•180 185•250 125,410 410·470 Grcc11• 
fc fc fc fc fc fc hoti:::.t.. 

1.5 2.0 2.3 
1.6 2.5 2.8 

2.0 2.6 
2.3 2.6 

2.9 
2.9 

Rc>ott..d 

1.9 
2.4 

1.8 1.9 2.5 2.1 2.7 2.2 2.9 

1.63 2.13 2.53 2.13 2.63 2.67 2.37 

" 0 _______________ 110 1 oots 

! -------------- l c,v I oots 
2 ---·-------- IJICU. 1 oots 
3 __________ J1e,1 vy 1 oot, 

'I".iblc (i G1owtl1 1,I Cl11 y,J11tl1c11111111 v,11 '\Vl11lc Kcc11,Jkc' ,110,ct1uc11t t,, tl, 
l'1opdgdl1011 1111,lct v,111011, l11tc11,1t1c, ol 1111101c,cc11L L1gl1L" 

1\ VCI dgc J 11crc,1,e ol CI ow lit Ill Hcigl1 L (111111) 

Dcltcs 

3/17/67-4/7/67 
3/17/67-4/19/67 

15•60 90·120 160•180 185·250 125•430 410•470 Grcc11housc 
fc fc le fc fc fc Propagated 

15.8 
36.5 

15.9 
34.0 

16.5 
38.0 

13.2 
29.2 

14.7 
29.8 

15.9 
32.8 

15.6 
36.4 

* Propagation under Fluorescent Light 3/3/ 67,3/171
167 
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equal to the cuttings propagated in sunlight in a greenhouse 
(Table 4). 

The greenhouse variety, 'White Keepsake' did not develop 
as large a root system under fluo1·escent light as it had in sun
light (Table 5). However, the subsequent growth of this var
iety, after transfe1· to a greenhouse, was similar to those propa
gated in the greenhouse (Table 6). 

Discussio1-i ancl Su'm'rria1·y 
The intensities of fluorescent light used in this expe1·i

ment, especially those in the lower ranges, are much too low to 
support continuous growth of most trees and shrubs. 

Ordinarily, most woody species 1·equire a range of approx
imately 1500 to 3000 footcandles for optimum growth and sur
vival. Although an intensity of 100 footcandles is too low for 
the growth of the species used in this study, it apparently is 
sufficient for the period of time it takes them to initiate roots. 
This would especially be t1·ue of the ''shade-loving'' species, sev
en of which we1·e used in this study. 

One factor that p1·obably contributed to the high percent
ages of rooting was the store of 1·eserve foods within the stems 
at the time they we1·e severed. 

In this study, most cuttings we1·e taken at a particular 
stage of growth in which the 1·ecently developed te1·minal shoot 
had been dormant long enough to accumulate a store of carbo
hydrates, but not so long that the tissues had become excessive 
ly lignified and probably detrimental to rapid root initiation. 

Root initiation of tender terminal shoots taken during the 
active growth stage is often more rapid than woody shoots 
taken during summer dormancy ( 6). The limited supply of 
stored ene1·gy in the tender chrysanthemum cuttings probably 
would not have been sufficient to maintain their vigor for an 
extended period of time while exposed to low light intensities 
used in this test. Rooting of the chrysa.nthemum occurred in 
less than two weeks and, as a consequence, no se1·ious depletion 
of stored energy was exhibited. This was brought out by the 
rate of growth of plants transfer1·ed from the low fluorescent 
light intensities to sunlight and compared with plants propa
gated and grown continuously in sunlight ,Table 6). 

The most striking results of this study are that there was, 
generally, no correlation between light intensities and root ini
tiation among the intensities used. Cuttings that are easy to 
root in a greenhouse rooted easily under fluorescent light un
der all intensities. 

The lowest 1·ange, 35 to 60 footcandles, apparently was 
sufficient to keep the cuttings alive while they were expending 
thei1· energy in the process of developing a root system. 

According to the results of this test, and to the reports of 
Stot1temyer, et. al. ( 4,5), the minimum light requirements for 
the propagation of many woody ornamental species are of such 
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low order that it would be feasible to use fluo1·escent light for 
propagation on a commercial scale. 

BI BLIOG Il,-\ I' HY 

I 1\11011 l•l11c,1e,<-e111 ld1111J, 1-1•-I I l-R Gc11e1,1l I~lc<-111<- Cc>IIIJJdll)', 1961, 
2 Chdd,v1ck, L C S0111c 1cs11l1s ,v,111 1l1c 11,c (JI c>p,1(111e ,1111<-L111e l(ir p101>,1g,1-

11on by c1111111g, 1'1 ocec(f 111gs 1\ 111e11<-d11 Society 101 I-lorl1c11I1111 d I Sc1c11te 
53:567-572 1949 

3 1\-Ipclka,, Cl111s10s G10-L11x w1clc ,pc<-tr11111 ld111p Sylvd111a E11g111ec1111g B11l-
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MODERATOR CANNON: Out· next pape1· is by D1·. John l\'1c
Gui1·e. Dr. McGuire is at the Unive1·sity of Rhode Island and 
will speak on the entrance of growth regulato1·s into cutti11gs. 

ENTRANCE OF SYNTHETIC GROWTH REGULATOR IAA-2-14C 
INTO CUTTINGS OF ILEX CRENATA 'CONVEXA' 

JOHN J. McGUIRE 
Unive1·sity of Rhode J.sla,ncl 

Kingston, Rhocle lsl(tnd 

Since the late 1930's when synthetic gr·owth 1·egulato1·s 
were found to be effective in promoting 1·ooting of cuttings, a 
wide variety of methods have been used to introduce these ma
terials into stem tisst1es. We are all fan1iliar with talc prepar
ations used as a dust, and aqueous solutions used either as long 
term dilute soaks or short duration conc:ent1·ated dips. The rel
ative efficiency of these ca1·riers and methods was covered ex
tensively at a meeting of this society in 1959 (5,6,9). It was 
concluded that concentrated basal dips were superior to other 
methods of application. 

It has been shown that c1·ystalline indoleacetic acid (I,AA) 
can enter the fatty portion of the cuticle of leaves without the 
aid of a solvent. Crystals have been aprilied to stems after the 
stem was scraped to facilitate rapid uptake of the auxin (3,4). 
Auxin has bee11 soaked into wooden pegs and the I)egs have 
been inserted into holes drilled into the cuttings (10). In Eng
land and America, cuttings have been exposed to vacuum and 
then aqueous solutions of auxins have been forced into the 
stem when atmosphe1·ic pressure was again applied (1,11). 
Cont11bul1011 #1262 of tl1e Rhode lsl.i11d 1\g11c11lt111.il Exper1111e11t St.it1011 
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low order that it would be feasible to use fluo1·escent light for 
propagation on a commercial scale. 
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AL1xins ha \ re bee11 applied to f olia1,. por·tions of ct1ttings t1n
der 1101·mal .atmos·phe1,.·ic pressL1re, but in the early work results 
were not generally succes.sful (2,'7). 1\101·e I"ecent work at the 
Rhode Is1an.d Ag1~icultu1"al Exp.er·iment Station has shown that 
this metho·d can be t1s,ed successft1lly. This wo1"l{ was repo1"ted 
to this society last year ( 8) . 

It has been determi11ated by detection of radioactive at1xins 
in ct1ttings that st1fficier1t auxin for· incr·eased I·ooting can be 
abso1,.bed throt1gh the intact fo lia.ge and terminal bud of cut
tings of flex c-r·enata ' Cc)1ii1exa' . A method has, been devised by 
which the radioactive is.otop·e i; extra.cted with high ,speed cen
triftigc1.tion and me·a.sure·d by means of liquid •s,cintillation count
ing. By maki11g .extractions and counts at tin1ed ir1te1"vals from 
segments of ·cuttings at known clistances from the site o,f appli
cation, it is p.ossible to determine how long it takes for the at1x
in to e11ter the cutting a11d h:o,w J"apidly it moves within the cut
ting,s. 

Whe·n IAA-2-C14 wa.s applied to five inch long cutti11gs of 
Ilex as a ten second basa.l dip in 40 cl~ ethanol ( v /v), i t was foun{l 
that the is.oto,pe was ear:r·ied t.o the upp€rn1ost inch within 24 
hot11--s. The largest p•ortion remained in the lowest inch with 
Pl"Ogressively lesse1-- amot1nts in each succeeding inch up the cut
ti11g. The least amount " 'as found in the te1ITiina1 inch. When 
the radio-chemical was applied as a te·n second terminal dip, the 
la1"gest amot1nt of a.ctivity remained in the inch that was dip-
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ped , a11d each lo\\ e1· i11ch contained 111·ogre .. -sivelJr less activity 
with t he exception of the lowest inch, which con ta i11ed slightly 
more activity tba11 th e fo1.1rth segmen t f rom the1 tip (Figt1r:e 1). 

The effect of leaf su1,.i'ace ar·ea on transport of IAA was 
studied by dipping terminal ct1ttings, which hacl the up1)er 
leaves removed, in IAA-2-C14 a11d con110aring levels of Cl4 in 
stem segments with similar s,egments from cuttings tha.t ,ve1r-e 
s imiliarily treated btlt from which le<1ves h c:1.d been 1"·emoved. 
More of the l::1,beled isotope was incorp··o1·ated into the partially 
defoliated cutti11gs bt1t les was tra11spo1 .. ted to the basal area 
where r·ooting takes place. ( Figur·e 2) l\ior·e inhibit ion of te1"
.n1inai and latera.l buds took place in the def'oliated cuttings. 

·since i t is know11 that auxin moves "'rith c,a1"bohyd rates, 
i t is 11ot st1r·pris,ing that cuttings \vith less leaf curface do not 
exhibit the s,ame deg1"ee of basipetal or· downward movement of 
C14 as fully foliate.c,t cutt ings . I t was s:L1spe.cte·d that increase·d 
a L1xin t1ptake in ct1ttings with defoliat,ed t ermina ls may have 
occt11--1,.ed th1"ough freshly expc)sed leaf scars on the terminal 
inch. It wa.s t herefo1"e po,stt1lated t hat the •same t h in.g cou ld 
occur throt1gh leaf scar8, on the ba.:-a l inch of ·stem cuttings 
which ar~e normally defoliated as a commercial p:r·aetice p•rior 
to treat1nent with auxins. T he f ollowing expe1"iment was de
signed t o ans,we1· this q t1estion . 
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Cuttings w er e dippe,d ba-sally into t h e radio1active auxin 
(IAA-2-C14) and then they we1 .. e extracted a previoL1s1y de
s.c1~ibed. These Cl1tti11gs we1--e compared to oth e1"s which had the 
basal ends se,aled with pa1~affi11 at the t ime of basal dipp,jng so 
that only the otiter· suI•f.ace o,:f the s.tem and the leaf scarR wer·e 
expo.sed to t h_e radiocherr1ica.l. The study of the segme11.ts r·eveal
ed that less a ,uxin entered the cuttings with sealed ends. Cut 
t ings with the basal end co:vered with wax absorbed ap,proxi
mately 60 o/t a s much radioa·ctive at1xin as ct1ttings with t ,h e 
basal end not waxed (Figure 3). 

When ro,oting data we1"e comp.ared, it was f ounc1 that there 
was no significant redt1ction in ro·oting w h e11 basal ends were 
sealed. If ct1ttings we1"e dipped bas:a lly after the basal end and 
leaf sca,1-.·s we1'"·e sealed with p•araffin, no fAA-2-Cl4 entered t.he 
cuttings,. It was also fo)und that wot1nding the basal inch of a 
cutting p1"io1-- t.o dipp·ing in the auxin solution did not r est1lt in 
a s ignificant increase in at1xin uptake. If the wound was p1"eS
ent and the ct1t ends and leaf s.ca1"·s were sealed, a.n amount of 
auxin equal to that which would have bee11 absor ·bed th1"ough 
th e ends and leaf scars. was abs-or·bed. 

Termina11y treated ct1tti11g·s wer·e fotind to be un c:1.ffected in 
r egard t o t1,,ansport of IAA-2-C14 by the presence of the a.pical 
bt1d (FjgL1re 4), if the a11ical 1) Lld waR T'em ove(i r)efore t he teJ"-
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minal end of the cutti11g was clipp,ed i11 the aL1xin olt1t io11 , 
greate:r· qua11tity of ,1uxj11 ~,as absorbed. This i11e1,.ea ed uptake 
did not re·sult in g1,.eateJt> ·quantities being carrie·d t.o the basal 
areas. 
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EFFECT OF APEX ON AUX ~N UPTAKE AND M ·OV ·EMEN T 
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SUMMARY 

• 

It has be·en found that sufficient auxin enters the foliage 
and terminal bt1d of cuttings o,f / lex crena,ta 'Convexa' to re ult 
in effective inc1,.·eas.es in rooting. When basal ends of cutt.ings 
were dipped in so·lut.ions of IAA-2-C14, more a.uxin is abs·orbed 
t han i11 terminal dips. The basally applied material is ca1"ried 
to the apex within 24 hot1rs. When lea.ves are remove·d f1"om 
the t1pper .end of cuttings, more 1:-adio-active auxin is absorbed 
by the ct1ttings. When leaves ar·e abs·ent f:r·om the ter·minal 
areas of termir1ally treate·d cuttings, however, le.ss at1xin is 
carried to the base of t he c1.1tting. It is pro,b.able that auxin 
enters through the leaf scars. Wounding the basal area of a 
cutting did not mate1,.ially increase the amount of auxin ab
sor·bed, b·t1t if the wo·und was the only availa.ble port of ent ry, 
auxfn did enter the· ct1tti11g in tha.t way. Removal of ape·x did 
result in inc1--eased auxi11 uptal<e of terminally cl ipped ct1ttingf; , 
but j ·t clid not J:'"est1lt in inc1"easecl t 1"a11sp1ort. 
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MODERATOR CANNON: 
tions. 

We now have time for some ques-

VOICE: I would like to ask Dr. Waxman if he feels it is 
11ecessary to regulate the night and day temperatures "'ithin 
his structure? 

SID WAXMAN: If you are referring to a fluctuating tem
perature between night and day, I do not think that this is 
necessary. When germinating seeds, this is often very bene
ficial but with the rooting of cuttings, I think a constant tem
perature will be satisfactory. 

BEN DAVIS: I would like to ask Dr. Lanphear about the 
Simazine and Diphenamid combination? You put that on at the 
rate of one pound Simazine and four pounds Diphenamid. Did 
you reduce the amount of Diphenamid t1sed because of the pres
e11ce of the Simazine? 

FRED LANPHEAR: The Diphenamid was included because 
of its ability to cont1·ol grasses and it does this very effectively 
at four pounds. The main reason for reducing the amount that 
is used is to reduce the cost. 

BEN DAVIS: I was wondering because ] have been using 
Enide (Diphenamid) and the recommendation was to use it at 
the rate of six pounds per acre. 

FRED LANPHEAR: If you use the Diphenamid by itself, it 
is necessary to use it at the six pound rate. 

BEN DAVIS: Do you believe you would obtain in.iury if 
you used the six pound Diphenamid rate in combination with 
the one pound rate of Simazine? 

FRED LANPHEAR: No. ,vot1 ,,1ot1ld 11ot have any in.i ury; it 
wot1ld just be mo1·e costly. ' ' 
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BEN DAVIS: Did you apply the Simazine-Diphenamid 
combination to newly transplanted materials? 

FRED LANPHE1\R: Yes. 
BRUCE BRIGGS: How does peat moss or g1·ound bark com

pare with charcoal in absorbing herbicides? 
FRED LANPHEAR: Activated charcoal is by fa1· one of the 

most effective absorbers of chemicals such as Simazine. Other 
organic materials such as peat moss, or ground bark, will tie up 
some herbicides but not nearly so effectively as charcoal. This 
brings up a point in relation to using herbicides in combina
tion with a mulch. Some materials cannot be used because they 
are absorbed by the mulch to a point where they are not as ef
fective as they should be. However, it tu1·ns out that Casoro11 
is not absorbed by the peat moss and th1~refore can be used i11 
combination with the mulch. 

BRUCE BRIGGS: Have you tried the activated cha1·coal 
treatment on peat pots? 

FRED LANPHEAR: Yes, we have tried activated charcoal 
on peat pots and it does work. We dipped the peat pots into a 
10 % slurry of activated charcoal. However, one problem that 
you may run into, if you are planting in peat pots when the soil 
temperatures are warm, is that the root growth out of the 
peat pots is so rapid that the protection of the carbon on the 
surface of the peat pot is left behind. Under these conditions it 
may be necessary to apply a drench of activated charcoal 
around the plants. 

MODERATOR CANNON: Our next speaker will be Mr. Ed
ward Hume who will speak on the sub.iect of cytokinens. 

CYTOKINENS, POWERFUL FORCES TO BE CONSIDERED 
IN PLANT PROPAGATION 

EDWARD P. HUME 
Southern Jll1:nois Unive1·sity, 

Edivardsville, Illinois 

Cytokinens, scarcely known in plant propagation are, along 
with the gibberellins, opening new horizons in plant manipu
lations that cannot be ignored by any serious student of the 
field. These compounds affect more and varied functions in 
the plant kingdom than most of us consider possible. The rate 
of increase in research in this field is most astonishing. This 
paper merely calls attention to some of the findings. Those who 
wish to investigate the field more thoroughly are referred to 
Letham ( 15) and Miller ( 17) for recent and earlier reviews 
of the field. 

Kinetin was the first product identified in this group and 
has been the sub.iect of much investigation in this field. Now all 
compounds of this type affecting plant response are classified 
as cytokinens. The list of these and the numbe1· of diffe1·ent 
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plants f1·om which they have been extracted is increasing ever 
more rapidly. These compotinds, along with the gibberellius 
and auxius are the 1·egt1lato1·s of all cell division, cell enlarge
ment, cell diffe1·entiation and the formation of plant organs in 
developing plants. The1·e is evidence that cytokinens are gen
e1·ated in roots. Rooted leaf cuttings and cuttings treated with 
cytokinens behave in the same way. 

There is no gene1·ally accepted method of measu1·ing the 
effect of cytokinens in plants, as the oat coleoptile method is 
used to measure auxin activity. Of the some eleven methods 
that have been used, none are free of complications. This is 
caused by many possible actions, ove1· wide ranges of concen
trations and the complex inte1·actions with gibbe1·ellins and 

• auxins. 
Cytokinens have been found in at least 40 kinds of plants. 

Because they a1·e in natu1·e extremely diluted, it reqt1ires very 
large sa.mples a11d careful concentration and purification to 
demonstrate their p1·esence. P1·obably they exist in all living 
tissue. More actively growing tissue generally has greater 
concentration; while dormant tissue, such as seeds, have levels 
too low to be 1·ecognized with our p1·esent methods of testing. 
Most of the positive tests have dealt with roots, bleeding i;:ap, 
ge1·minating seeds a11d especially developing fruits or nuts. 

There is an i11teraction between cytokinens and the phy
toch1·ome mechanism as shown by the germination of light sen
sitive lettuce seed. Within 24 hours kinetin can be detected i11 
seeds sub.Jected to red light if germination is not inactivated 
by far 1·ed light. This contrasts with the action of the gibber
ellins which do not inte1·act. 

Cytoki11ens play an impo1·tant pa1·t in cell division. This 
may modify the size and shape of the resulting plants. This re
sults f1·om inte1·actions of cytokinens with the RN A in the 
nucleus in a rather complex manner. Cytokinen also affect 
the movement and acct1mulation of proteins, amino acids, and 
phosphorus. They can co11trol the development of storage or
gans and accumulation of food stored within them (18). 

The p1·esence of cytokinens is not restricted to higher 
plants. They have been found in mosses, fungi, algai and bac
te1·ia. In these lower fo1·ms kinetin control extends to nonnu
cleate cells, indicating a direct affect of cytokinens on the cy
toplasm (26). Kinetin, which has been the chief material used 
in research, has the chemical composition of 6-furfuralamino
purine. Its molecular weight is 215, and it is available from 
Calbio, Box 54282, Los Angeles, California 90054. 

One method of putting it into solutions is to float the de
sired amount of the crystals in a container of water. Then 
autoclave it until it dissolves at a pressure of 15 psi. It does 
not dissolve in such common solvents as alcohol, acetone or car
bon tet1·achloride. Othe1· cytokinens have yet to become comme1·
cially available. The most active of these is Zeatin which is 
identified as 6-( 4-hycli·oxy-3 methylbut-trans-2 enyl)-aminopu1·-
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ine. In order to obtain 0.7 milligrams of the pure material, 
Miller (17) purified 60 kilograms of immature corn seeds. This 
compond is active at the tremendous dilution of 5 x lO''M. This 
is a hundred times more dilute than the maximum dilution of 
kinetin still showing action on plant tissue. To get a bette1· 
idea of the action of Zeatin, think of dissolving one gram i11 
abot1t a hundred million liters of water. 

When tissue culture was first successful, 1·esearchers used 
to add coconut milk to their media to supply some then unknown 
substance needed to organize callus tisstte into new plants. Us
ing kinetin Raghaven (23) and othe1·s have been able to de
velop minature embryos from callus type tissue without the ad
dition of coconut milk. 

Flowering and rep1·oduction can be modified in many ways 
by the use of cytoginens. Whittwer (24) found that kinetin in
hibited the flowering of tomatoes, but accelerated it in peas. 
Furuta (9) showed that kinetin was synergetic with gibberellic 
acid in promoting the flowering of unchilled azalea. Ikuma ( 10) 
induced flowering of tobacco plants with kinetin and gibberel
lic acid at two light intensities. 

The type of flower produced is also affected by the cyto
kinen level. Katsumi (11) found that both the diameter and the 
doubleness of a composite flower can be changed by the cyto
kinen concentration. Negi (19) converted a male flower into 
a perfect one. Cytokinens can stimulate fruit set or induce 
parthenocarpy (fruit fo1·mation without seed). Of special in
terest to plant propagators is the work of Kummerlow and 
Choffmann (14). They applied kinetin at 50 and 100 ppm/ to 
Pinus 1·adiata seedlings which greatly stimulated meristematic 
activity, stretching normally short shoots into long ones; and 
stimulating renewed division of parenchyma cells of the wood. 
Ca person ( 3) also stimulated cambial activity by applying 
kinetin to the apical end of cotyledons. 

Apical dominance in plants is controlled by the interaction 
of auxins, cytokinens and gibberellins. Davis (6) found that 
kinetin promoted the uptake of indoleacetic acid which main
tained the apical dominance by inhibiting the growth of lat
eral buds. At the same time the IAA stimulated the downward 
movement of the kinetin. But Bauer (1) found that kinetin 
cancelled apical dominance in a moss. Panigraph and Audus 
(21) made similar observations on the cotoledonary buds of de
capitated Vicia Faba seedlings. 

Still another role discovered for cytokinens is their ability 
to overcome some of the lethal affects of nuclear radiation. 
Powell and Griffith (22) found that levels of beta radiation 
which were lethal to untreated bean leaf sections did not kill 
sections treated with kinetin. Cope (5) found similar results 
with Lemna, an aquatic, when they were exposed to glucose 
solutions containing varying levels of deutriation. Apparent
ly kinetin can supply something de-activated by the radiation, 
but not fa1· beyond the no1·mal tolerance level. 
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A most extraordina1·y property discovered for these cyto
kinens is thei1· ability to preserve the chlorophyll in a func
tioning condition unde1· long periods of ve1·y low light intensity 
01· even total darkness where the unt1·eated leaves turn yellow 
and can no longer function. The mechanism for this still is 
not clea1·; but appears 1·elated to the higher nit1·ogen level, 
particularly the protein and amino acid in the kinetin t1·eated 
tissue. The phosphort1s is also higher which supplies a key link 
in the photosynthetic action. The1·e is also a higher level of pro
plastids in kinetin treated plants. All these actions a1·e, of 
course, involved with the various enzyme actions. The wo1·k on 
these is too long to consider at this time. 

Kinetin also affects leaf 1·etention. Burrows and Ca1·1· (2) 
placed kinetin on the pt1lvinar 1·egion, a hairy flattened place 
at the base of the petiole, or int1·oduced it 'ch1·ough the t1·ans
piration stream. It delayed abscission either \Vay. These work
ers in anothe1· pape1· ( 4) found that lupine leaflets on treated 
leaves d1·opped their leaves faster if they were young and in the 
darl,; but olde1· lea,1es retained the leaflets longe1·. In the light 
the.)' sta.),ed on longe1· rega1·dless of age. 

Cytokinens have a peculiar role in relation to chromo
somes and gene behavio1·. They not only interact with RN A in 
regt1lar cell ope1·ation, but they may induce doubling of the 
number, 01· polyploidy. 01· they may overcome the mutating 
action of colchici ne ( 13) . 

Under some conditions cytokinens may act in controlling 
disease. Selmann (24) has shown that kinetin inhibits virus 
multiplication through an increase in the ribonuclease activity. 
In another experiment he found petunia leaf strips had fewe1· 
and smaller local lesions on the lower su1·face following me
chanical innoculation of the upper with kinetin. Lovenkovich 
( 16) indicates that kinetin is an antagonist to the toxic effect 
from the fungus Pseuclo1no1ias tal>acci. Dekker (7) found that 
20 J)pn1. of kinetin, while not c;upp1·essing the initial innocu
lation of cucumbe1· leaf discs floating in the solution, did stop 
fu1·ther growth of the disease. 

There will probably be many more pape1·s in the next fev.• 
yea1·s helping us to unde1·stand more about these remarkable 
su b::<tances. 
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MODERATOR CANNON: Our next paper will be on the sub
.iect of ''Crossing Eastern Cottonwood in the Greenhouse'' and 
will be preRented by Robert Farmer, Jr. 
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CROSSING EASTERN COTTONWOOD IN THE GREENHOUSE 
R. E. FARMER, JR., AND W. L. NANCE' 
Southern Forest Experimerit Station 

J,'or·est Service, U. S. Depa1·tme1it of Agriculture 
Stoneville, Mississippi 

EaE",tern cottonwood (Populus deltoides Bartr.) is the sub
ject of breeding programs designed to develop planting stock 
with potential for rapid g1·owth, desi1·able wood properties, 
and pest resistance ( 4). Techniques for making controlled 
crosses \Vithin the species are essential to b1·eeding, and their 
development constitutes an ea1·ly phase of genetics research. 
This paper will describe techniques that are being t1sed in the 
lower Mississippi Valley. 

Controlled crossing techniques fo1· the dioecious Populus 
species were developed in Eu1·ope and have been used there for 
seve1·al decades. The aspens (Section Leuce) may be crossed by 
placing bases of dormant branches in water after chilling re
quirements are met. forcing these branches in greenhot1ses, 
and pollinating the female flowers. Fresh pollen is obtained 
by simila1·ly fo1·cing male flowers. Fertilized catkins are ma
tured on the branches in th1·ee to four weeks. This procedure, 
originally developed for Salix, was first used for Populus by 
Wettstein-Westersheim (11) and has been adapted for the 
American aspens by Einspah1· and Benson (1), Johnson (7), 
and others. 

While black poplars (Section Aigeiros) can be crossed by 
these means, their larger catkins with sometimes longer ma
turation time require mo1·e nt1t1·ition than is supplied by cut 
branches. Consequently. branches bearing female flowers are 
bottle-grafted to suppo1·ting 1·ootstocks. The technique, as used 
in Europe, has been generally described by Muhle Larsen (8) 
and Schreiner (10). We have modified it for cottonwood. In 
brief, female ::,cions a1·e bottle-grafted to potted juvenile stock 
in mid-autumn. After chilling, flower buds on these grafted 
scions are forced and pollinated in the greenhouse. This pro
cedt1re obviates climbing sometimes remotely situated trees. 

METHODS AND RESULTS 
Grafting 

Cottonwood scions bearing female flower buds may be bot
tle-grafted to vigo1·ously growing stock in the fall or in late 
winter immediately prior to forcing. Fall grafting may be ad
vantageous because a functional graft is established before 
forcing and the concomitant depletion of the scions' food re
ser\1es. Also, fall g1·afting is done befo1·e the busy crossing sea
son. 
1ThL tcchn14t1t..s de::.cr1bed l1crc ,vt..rc developed while the dUthors \\ere on the stdff of ti1c 
Souther11 Hardwoods Laboratory, \vh1cl1 1s ma1ntdtncd at Ston,ev1lle, M1ss15s1pp1, by the Soutl1crn 
forest Exper1mc11t Station 1n cooperdt1on u,,,1th the M1ss1ss1pp1 Agriculture Experiment Station and 
the Southerr1 Hardwoud Forest Research Group f'armer 1s nO\\. Plant Ph}s1o]og1st, Tree Jm.
provcmcnt Section, D1v1s1on of Forestry Development, TVA, Norr1s, Tennessee Nance 1::: pres 
ently a graduate student at M1ch1g.in State U111vcrs1ty, Ea:.t Lans111g 
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Scions are collected and grafted in late September or early 
October. At these times trees a1·e still fully foliated in the low
er Mississippi Valley, but both veget.ative and flower buds are 
set on sexually mature trees. Male and female flower buds are 
readily distinguished in Septembe1· (2). Scions taken in August 
or early September are easily grafted but tend to renew apical 
growth and drop flower buds soon after grafting. In a pre
liminary test with scions collected in late summer, 66 percent 
of the successfully grafted scions lost all flower buds. In 1965 
and 1966, when grafts were made later in the season, 12 and 17 
percent dropped buds. 

Scio11s are shot from trees with rifles and cut to approx
imately 20 cm. in length. Each scion should have an apical bud 
and one to six flower buds. Leaves are 1·emoved befo1·e graft
ing. Stocks are potted seedlings 01· cuttings about 1 cm. in di
ameter at the base. An ordinary approach graft is made, and 
the scion's base is placed in a container of water (6). The graft 
is bound with· string and covered with grafting tape; no wax 
is used. With the exception of the incision essential to making 
the graft, the stock's stem is left intact. 

G1·afts may be sto1·ed in a greenhouse or a covered lath 
house. Unde1· lath house conditions in central Mississippi, 
grafts made early in October establish unions in two to three 
weeks, i. e., before freezing weather begins. During winter, 
potted grafts are kept in a covered lath house so that unions 
will not be damaged by freezing rain. 

In 1966, unions were achieved with 98 pe1·cent of the 271 
attempted grafts; mortality of scions from 10 individual trees 
va1·ied from O to 7 percent. Although scion mortality was low 
prior to forcing, flower bud drop made 17 percent of the grafts 
unsuitable for crossing. The tree-t,o-tree range in scion loss 
due to bud drop was 3 to 43 percent. Twenty-two percent of 
the grafts with unions proved unsuitable for crossing either 
because flower development was poor or because the union fail
ed during greenhouse forcing. Fif'cy-nine percent of the at
tempted grafts flowe1·ed no1·mally after forming effective 
unions, and we1·e used in crossing; success with individual trees 
1·anged from 20 to 81 percent . 

. 

For·cing and Flower De·velopme1lt 
In central Mississippi, mature cottonwood chilled ot1t-of

doors remains physiologically dormant until mid-February (3). 
Mate1·ial forced before the11 takes seve1·al weeks 01· more to re
sume growth. On the aver·age, male trees flower before fe
males ( i.e., require less chilling) but there is wide tree-to-tree 
variation in flowering 'cime (5) which is under strong genetic 
control ( 12). Given this information, we have developed a 
1·easonably successful procedure for fo1·cing flowers. 

Male branches a1·e collected in early February and placed 
in aerated water under long-day g1·eenhouse conditions. Bases 
of branches are trimmed twice weekly. Temperature is 75-
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85°F. and relative humidity is 60-80 percent. Anthesis begins 
in one to two weeks., depending upon the individual tree; pollen 
is shed th1·ee to five days after catkins appear. By making two 
or three collections at app1·oximately ,veekly intervals, one can 
obtain a continuous supply of fresh pollen during the several 
weeks of crossing. 

Bottle-grafced female scions a1·e brought into the g1·een
house a few days after male branches a1·e collected. At this 
time the stock is pruned back to approximately one inch above 
the g1·aft. Catkin growth, which begins in two to three weeks, 
is usually rapid. In 1967 g1·owth was completed in six to eight 
days, and final length of catkins va1·ied f1·om 5.5 to 21.5 cm. 
Catkin length on t1·ees generally 1·anges f1·om 10.0 to 20.0 cm. 
in cent1·al Mississippi; most of the catkins on g1·afts attained 
lengths within this 1·ange. Flowers matu1·e from the base to 
the apex of catkins. Flowers at the base are 1·eceptive within 
two days afte1· budbreak. 

Polli1,iatio1i ancl Capsule D'evelop1nerit 

Crossing in g1·eenhouses is done in late Feb1·ua1·y and ea1·
ly l\'1a1·ch, befo1·e cottonwood begins flowering out of doo1·s. I,n
dividual males a1·e assigned to separate greenhouses or special
ly designed pollination chambe1·s in a single greenhouse. Pott
ed scions of females to be crossed with individual males are 
usually fo1·ced in the greenhouses assigned to designated males. 
When the smalle1· pollination chambe1·s a1·e used, female scions 
a1·e moved to the chambers when anthesis begins and are taken 
out after flowe1·s are no longer receptive. 

We have used fresh pollen in making most c1·osses, since it 
is easily obtained. If pollen dispersal app1·eciably precedes female 
anthesis, however, pollen can be stored for a few weeks in de
siccators at 10-25 pe1·cent relative humidity and 35-40° F. We 
have not t1·ied longe1· storage. 

Pollinations begin du1·ing the second day of catkin growth 
and a1·e 1·epeated on three successive days so that all flowers 
will be pollinated. Pollen is dusted over catkins with a small 
camel's hai1· brush. 

In 1967, 160 scions were pollinated, and 51 percent were 
fe1·tilized; success with scions from individual trees ranged 
from O to 83 percent. Incompatibility seemed to be the reason 
for failure with some crosses. Some variation in results was 
also associated with location of scions; crosses were generally 
more successful in greenhouses with a northern exposu1·e than 
in pollination chambers. 

Unfertilized capsules abscised within a week after catkins 
completed g1·owth. Fertilized capsules completed enlargement 
within five weeks after budbreak (range 17 to 35 days). Fin
al capsule diameter fo1· individual catkins 1·anged from 4.8 to 
6.7 mm and averaged 5.8 mm. Capsules on trees in natural 
stands have similar dimensions (5-7 mm) in cent1·al Mississippi. 
Fertilized capsules 011 a grafted scion are shown in figure 1. 
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. SEED 1VIA1"URA'I"'ION, DISPERSAL, AND GERMINATION 

The first viable seed is obtaine·cl jn mid-Mav ·fr·om cr·osses .. 
made in late Feb1--uar·y or early March. During this 
t h1"ee-month period, mortality of' catki11s may be high; 

two- to 
in 1967, 

27 per cent of the ferti lized catkin , died. A common cat1s.e of 
1nor·ta.lit}r may be graft fa ilure 1·esulti11g· from i11sect i11festa
t io11. Grafting tape should be remo ed from gr·afts sl1ortly af
te·r gr.owth r e:sume·s in t l1e gree11hot1se . sinee nt1me1·c)us insects 
may be shelt.ered by i t . A r·egular sprayi11g -sehedt1le is es·s,enti
al. S·o,me ne1crosis of i11dividua1 ca.pst1le·s, apparently relate.d 
to ft111gal :or bacterial i11fection, has bee11 noted. 
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Seed dispersal in 1966 and 1967 extended from mid-May 
until August, a range si1nilar to that observed in natural 
stands (5). This wide range is due mostly to differences in 
maturation time of individual females, although some single 
catkins have been obse1·ved to disperse seed for a month. Each 
capsule contains 40 to 60 seeds. 

Seed is collected as capsules dehisce, then cleaned by ai1· 
(9) or by hand and germinated in sub-irrigated peat pots filled 
with a loam potting mixtu1·e. After approximately two weeks 
peat pots are transferred to nursery beds. 

On the average, germination of seed from controlled crosses 
has been appreciably less than that for seed from natural 
stands. In 1967, germination of fresh seed from individual 
crosses varied from 14 to 88 percent; mean germination was 48 
pe1·cent. 

CONCLUSIONS 
'l'he method described above is providing sufficient full

sib progeny for testing, but seeds are produced on a relatively 
small percent of the grafts attempted. The technique is there
for expensive even though a few successfully matured catkins 
p1·oduce many seeds. However, average success is somewhat 
misleading, since the tree-to-tree range has been considerable; 
several females we1·e complete failures and very good results 
were obtained with others. Some causes of crossing failure 
with individual trees may be unrelated to the technique; i.e., 
incompatibility is likely. Flower bud drop and other causes of 
loss before forcing reduce the method's utility for some trees. 
Spring grafting may therefore be more suitable for some fe
males. 
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OPEN FIELD PROPAGATION 
JOHN ROLLER 

Ca:1·twr·ig ht Nur·ser·i(;i; 
Collie1·ville, Tennessee 

LAND PREPARATION 
The p1·eparation of the land for open field propagatio11 is 

very simple, as we practice it at Ca1·twrights. It consists of 
deep plowing, eighteen to twenty four inches deep, or sub-soil
ing. After this, a disc is run over the land as ma,ny times as is 
necessa1·y to break up any clods and get it in good working 
condition. If necessa1·y, we use a land leveler to level the field, 
or to give a smooth slope, but we p1·efe1· to use only a harrow 
as the land leveler packs the soil more than we like. Afte1· this, 
rows are spaced about thirty inches apa1·t and are opened to a 
depth of four to six inches. The cuttings a1·e stuck into these 
·little furrows rather than on bedded rows. 

I 

CUTTING PREPARATION 
The timing of the cuttings is governed by the weathe1· co11-

ditions that we have that yea1·. We like to sta1·t taking them 
when they are in the ''summer do1·mancy'' stage. In the l\'1em
phis area the usual starting time varies from about August 20, 
until early September. The cuttings planted in this type oper
ation include all of the Pfitze1· va1·ieties, Andorra, excelsa str·icta, 
Irish, de1isa glauca, procumbens, Sargents, Von Ehron and all 
sabinas, in fact, about any juniper that can be rooted in the 
g1·eenhouse. However, scoJJulor·um and most vir·ginia1ia do not 
root well by this method. We think that Pfitzer _juniper roots 
bette1· if planted later than the other Junipers and is usually the 
last ju11iper ,ve stick. vVe, sometimes, delay taking pa1·t of 
them until we are sticking the broadleaf cuttings, which is usu
ally mid-November. Broadleafed varieties propagated in this 
manner are the usual ones that a1·e normally produced from 
hardwood cuttings, euonymus varieties, abelia, privet. lonicera, 
c1·ape myrtle and others. We do not plant these until they 
have gone into do1·mancy, usually in Novembe1·. 

To take our cuttings, crews in the field use eight inch 
pruning shears. We like our cuttings to be about eight inches 
long. We start cutting at the end of the limb, t1·imming off the 
tender tip, and then cut just as fa1· down the limb as we can 
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get eight inch cuttings. We do not care how la1·ge around the 
cuttings are. Some a1·e as big as the thumb and have rathe1· 
heavy branches. 

As the cuttings are cut, they a1·e d1·opped into bu1·lap bags 
and as the bags a1·e filled they are dipped in ba1·rels of water. 
We t1·y to keep them moist until they are stuck, at least ,ve do 
not allow them to d1·y out and wilt. If they must be kept over, 
because of weathe1· or week-ends, they are kept in cold stor
age and are watered down frequently. Most of the time it is 
only one or two hours from cutting time until they are stt1ck in 
the field. About sixty or seventy people a1·e cutting the cut
tings and as soon as twenty five 01· thirty bags are full they 
are brought to the field to be stuck. About fifteen people are 
needed to stick them. 

Irrigation lines have been laid and water is run into the 
1·ows that are open four to six inches deep, and the cuttings are 
stuck right into the mud and water. A man with a one inch 
hose, under forty five to sixty pounds pressure, puts water in 
the furrows _just ahead of the workers sticking the cuttings. 

The cuttings are not stuck one at a time but are stuck by 
handfuls, o•f six to ten per handful, to a depth of about half 
their length, or about four to fou1· and a half inches. There is 
a slight knack to this, and after a little practice the workers 
are able to get them distributed in the row on an average of 
one or one and a half inches apa1·t without any skips or breaks 
in the 1·ow. This is important to us because ou1· land is rather 
sloping and we do not want water washing ac1·oss the rows. 
Immediately. behind the stickers on each row, a worker with a 
garden 1·ake pulls loose di1·t from the side up against the cut
tings and more 01· less forces the mud and soil into the trench 
as much as possible to fill in the voids. Just behind the rakes a 
worker with a hose really waters the cuttings and the middle 
of the rows, thus settling the soil down a1·ound the cuttings. 

The irrigation lines are usually moved up twenty to twen
ty five rows at a time. As soon as the ground d1·ys enough we 
use a Farmall Cub tractor to throw a small amount of dirt up 
to the cuttings and to give us a center furrow for drainage. As 
soon as enough ground is covered to permit, or a block is fin
ished, we really soak them down, using either Rainbird 80 
sprinklers, or a Raincrow, which will cover about an acre at a 
time. We wet the soil enough so that it will settle around the 
cuttings and fill all ai1· spaces. This eliminates tromping or 
packing the soil around the cuttings by foot. 

This completes the main part of the planting operation. 
All that remains is the normal cultivating practices and the 
watering. They are not allowed to dry out. Water is st1pplied 
as needed. We usually ir1·igate when the top one fourth or 
one half inch of soil is d1·y. The numbe1· of times they are ir
rigated of course, depends on the amount and frequency of 
1·ainfall. After the cuttings a1·e rooted the frequency of wat
ering can be reduced. This is usually the following June or July. 
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Cultivation is p1·acticed as needed fo1· soil ae1·ation and 
weed control. We have used chemical \Veed co11trol to elimin
ate hoeing as much as possible. We ha.ve used Treflan inco1·
po1·a1ced in the soil befo1·e sticking the cuttings. This worked 
out real well on a test plot. Encouraged by this we went all out 
and used Treflan ove1· the e11ti1·e planting. The results we1·e 
not entirely satisfacto1·y as ou1· 1·ooting percentages suffe1·ed 
somewhat. We came to the conclusion that the Treflan was 
incorporated into the rooting a1·ea and thus caused some 
losses. There was no consistent losses. Some va1·ieties that 
root readily suffe1·ed as much as twenty five pe1·cent loss. 
Some varieties were not affected and s1)me 1·ooted even better 
than befo1·e. 

Howeve1·, this year we plan to wait until all ct1ttings a1·e 
stuck and then inco1·porate the T1·eflan in the middles and 
throw it up to the row by means of a I,illiston rolling cultiva
tor which does the .iob nicely by changing the angle of the cul
tivators. We have done this on field plants and it worked 
very satisfactorily. 

For harvesting the 1·ooted plants, we dig them with a con
ve1·ted potato digger. Using the potato digger replaces about 
fifteen or twenty worke1·s that used t<) hand pull the plants 
after they had been undercut with a tree lifter. Afte1· digging 
the cuttings, they are root pruned, trimmed, and loaded into 
trucks to go to the field for planting. 

There are m1:iny advantages to liners that have been p1·opa
gated in the open field. Following a1·e some of them. 

1. Line1·s that a1·e tough enough to withstand adverse 
weathe1· conditions, because they are propagated in the 
open field. 

2. Liners a1·e heavie1· and stronge1· than those propa
gated by any othe1· method. Some, when ha1·vested, 
are equal to a potted liner after one yea1· in the field, 
and g1·ow into saleable plants or1e year earlie1·. 

3. F1·ee from diseases. 
4. La1·ge quantities can be p1·oduced with relatively little 

supe1·vision and ca1·e. 
5. The economy of production in compa1·ison to liners 

produced in the greenhouse or in mist beds. The on
ly method comparable in cost ,vould be the Phytotek
tor method. 

6. Rooting percentages that equal and sometimes surpass 
greenhouse cuttings. 

MODERATOR CANNON: The last pape1· we have this mo1·11-
ing will be presented by M1·. Don Nordine fo1· M1·. Rodney 
Bailey of the Bailey Nursery Company of St. Paul, Minnesota. 
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BAILEY CIRCULAR MIST 
RODNEY BAILEY 

Bailey Nu1·ser·y Compan11 
St. Paul, Min1iesota 

In the past fifteen years there have been many types of 
mist p1·opagation systems described at these meetings. The one 
that 1 have found to do the best Job, most economically, em
ploys many of the same techniques and principles with which 
you are familiar. As a point of reference this method shall 
be referred to as the Bailey CircL1lar System. I have used this 
system only fo1· the propagation of deciduous softwood cut
tings in the summer. 

I have selected an area that has a basic soil of loamy sand. 
Also, and I believe this is quite impo1·tant, the area in which 
the beds are constructed is on a very gradual slope. Not steep 
but falling enough so that excess water may run off the su1·
face rather than standing and then having to seep away. 

The area is plowed and worked smooth with a disc and 
harrow. We are now ready to make the beds. With a dump
truck and a Melroe ''Bobcat'' loader, we apply three inches of 
sand over a 22 foot diamete1· circle. A metal garden edging 
forms the outside of the bed. With two men and the prope1· 
equipment, this bed is made ready to plant in about one half 
hour. Each bed will hold from 15-25,000 cuttings depending 
upon the variety. 

For simplicity of operation, I have kept all the time clocks 
and solenoid valves in one central location. The water is con
veyed from the solenoid valve to its respective bed by a o/s'' 
rubber hose. By having all of the controls in one unit, we are 
able to completely dismantle the system each fall, store it in
side ove1· winter, and 1·eassemble it again in the spring with 
a minimum of plumbing and electrical connections to make. 
We merely connect the control system to our water supply and 
electric supply. 

Each time clock controls one solenoid valve which in tt1rn 
cont1·ols the water for four separate beds. Although most any 
rotary type lawn sprinkler will do an adequate .iob of misting, 
I prefer the Harford spike sprinkler because it is easy to move 
from one part of the bed to another when ad.iustments must 
be made for windy conditions. 

With normal weather conditions and newly planted cut
tings, the clocks will be on 5 times for about 6 seconds in each 
12 minute cycle. This, of course, must be adjusted as the 
light, temperature, wind, and humidity conditions change. The 
12 minute cycle clocks are controlled by a 24 hour clock that 
turns them on in the morning and off at night. 

As in any system, an ample water supply is essential. The 
source of water is a deep well which also se1·vices the green
house and nursery storage buildings. Since 1·egular line pres
su1·e of 40 pot1nds is not sufficie11t to do a good .iob of apply-
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ing the water, we have added a booster purhp and an additional 
pressure tank so that the pressure is maintained between 60 
and 90 pounds. 

As in any outside system, st1·ong "'inds are somewhat of 
a problem. We erect snow fences arou11d the entire area and 
between every second bed. In addition to the snow fence, we 
staple a 3 foot wide strip of burlap to it. Because our sprink
lers are easily moved from the center 01· the bed in any direc
tion, and because the larger droplets which have more wind 
resistance are thrown to the outside of the circle, we can have 
adequate coverage unde1· most any weather conditions. 

As soon as the cuttings are rooted, the frequency of wat
ering is cut back gradually to the point where we water only 
often enough to keep the rooting and growing medium moist. 
This may be every two 01· three days depending upon the va1·
iety and weathe1· conditions. The snow fence may also be taken 
down at this time. 

By late July or early August, most varieties have rooted 
through the sand and into soil beneath. Most varieties, at this 
point, have a flush of growth and will grow to two to four 
times the size of the original cutting. 

With the exception of a few items that are transplanted 
to the open field about August first, all are left in the beds to 
go dormant. At this point, with the sno,v fence, edging arot1nd 
the beds, hoses, time clocks and solenoid valves all removed, 
it is a comparatively small .iob to lift tl1e cuttings. They are 
undercut and lifted from the bed with a set of tines on the 
front end of the l\'lelroe loader. The di1·t is shaken out and 
they are placed in "'ooden boxes and tal<:en into cold storage. 
They a1·e left in these boxes until time permits t1s to count and 
grade them. They are then rolled in polyethylene bags and 
left in cold storage until planting time the following spring. 

In conclusion, I would like to point out some of the advant
ages and disadvantages of the system. 

The disadvantages are: 
1. This system requires very close personal attention 

from the time the cuttings are stuck until they are 
rooted. With full exposure, such as they have, it 
takes only a short time to lose ::1. batch if something 
should go awry. , 

2. Three varieties, for some reason unknown to me, have 
been consistently poor in both stand and quality un
der these conditions, but have done very well under 
greenhouse conditions. 

The advantages are: 
1. Very small initial investment - about $160.00 pe1· 

100,000 cuttings for raw materials. 
2. Saves labo1· - can utilize mechanical means for p1·e

pa1·ing the beds as well as diggi11g beds. 

342 



3. No obstructions in working area such as pipes, frame
work or side boards. Six men can plant in one bed 
without interfering with one another. 

4. Ease of observation - everything is in the open. No 
covers to lift or polyethylene to crawl under. 

5. Low cost per cutting 1·ooted - with labor figured at 
$2.65 per hour and all overhead included, we had a 
cost per cutting rooted of 2.3c each. 

6. Superior liner - by rooting into the soil we get a 
large well developed line1· that can go bare root direct
ly to the field. 

• 
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FRIDAY AFTERNOON SESSION 

December 1, 1967 

The Friday afternoon session convened at 1 :15 p.m. in 
Ballroom A of the Admiral Semmes Hotel. Hans Hess was 
moderator of the first part of the afte1·noon session and Di·. 
Kenneth Reisch was moderator of the second part. 

MODERATOR HESS: We are very fo1·tunate this afternoon 
to have on our program Dr. Harrison Flint of the A1·nold A1·
boretum. Dr. Flint will speak on the ''Winter Storage of 
Yot1ng Nursery Stock''. 

WINTER STORAGE OF YOUNG NURSERY STOCK 
HARRISON L. FLINT 
A1·nold Arboretuni 

Jamaica Plain, Ma.c;s. 

Winter storage of young nursery plants has been a pop
ular topic of discussion for a long time, but increasing produc
tion of nursery stock in containers in the North has stimulat
ed even greater interest on the subject. My first inclination in 
preparing to talk to you on this subject ,vas to share with you 
some of my own experiences and experiences of other people in 
the New England area. But in the process of visiting nurseries 
and other establishments, watching their practices, and assem
bling all this information, I began to realize that if I were to fol
low my original plan I would probably do nothing more tha11 add 
confusion to an already confused subject. The one thing that im
pressed me more than anything else in these visits is that there 
are so many successful methods in use. I think we've all been 
impressed by this fact as we have listened to speakers on this 
sub.iect over the past several years. So for today, let's look 
for a few universal facts or common denominators that we can 
use in comparing some of the methods that are now in use. In 
the process we may discover what the essentials are, and be in 
a better position to evaluate new methods of protection. 

The first thing to remember is that young plants in con
tainers are prone to all the winter hazards that threaten older 
plants established in the ground, and more besides. But, on 
the other hand, the fact that they are portable makes it possi
ble to use protective measures that would not be economical in 
field situations. 

There are four basic causes of winter in.iury: 
1) Mechanical da1nage : 

When we think of this we usually think of heavy ice and 
snow breaking branches of plants, but other kinds of possible 
mechanical damage include chewing by mice ot· rabbits, wind-
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whippi11g of b1·anches protruding through a snow crust, or even 
the collapse of an unde1·-designed p1·otective structure. 

2) Seasonal cold: 
Low tempe1·atures are the obvious cause of winter in.iury 

- the thing that we all think of first. But too often we think 
of the lowest temperature that comes in January 01· Febrt1ary 
and fail to appreciate the fact that killing or damage by cold 
can happen at almost any time of year in the North. An estab
lished plant of a ''hardy'' species has the ability to harden in 
the fall before the onset of low temperatures. This doesn't 
mean that overnight it suddenly attains its full hardiness for 
that winter. It simply means that its progressive hardening 
during autumn mana.ges to stay ahead of the progressively 
lower temperatures. These plants also remain dormant in late 
winter and early spring long enough to allow the seasonal 
warming trend to keep ahead of dehardening at that time of 
year. But young plants of the very same species can present 
a different situation. Young plants tend to be more vigorous 
than older plants, especially when rapid growth has been en
couraged by good cultural methods. This vigor encourages late 
growth in plants of some species. Since cessation of growth 
is a prerequisite for hardeni11g, such plants are likely not to 
have developed as much hardiness in fall and early winter as 
olde1·, slower growing plants of the same species. This is why 
young plants of some species are destroyed or damaged by 
''stem splitting'' at the fi1·st hard f1·eeze in the fall but are not 
so susceptible to this in.iury later in life. This injury can be 
p1·e,,ented by delayi11g the onset of freezing temperatures in 
autumn u11til plants have had time to harden sufficiently. This 
is usually done by trapping heat in cold frames or greenhot1ses, 
with 01· without auxilliary heat, or by placing plants in con
trollecl cold storage in autumn. 

Up until now we have been talking about hardiness in gen
eral. When we do this, most of us think in terms of the har
diness of the abo,,e-ground parts of plants - the stems and 
buds, forgetting the plant parts that are out-of-sight in the 
soil. Root hardiness has been measured in only a few species, 
but in these cases roots usually have been found to be more 
tender than hardened stems of the same species. This, coupled 
with the fact that roots of potted plants. left outdoors are ex
posed to more extreme cold than those of plants in the ground, 
makes root systems of container-grown plants especially prone 
to winter in.iury. Often they are damaged beyond recovery 
even when no direct cold in.iury has been sustained by stems 
of the same plants. My first experience with this type of in
jury came at the University of Rhode Island in 1958 when 
plants of Cotoneaste1· adpressa praecox left outdoors over win
ter in containers failed to make new growth in the spring, 
even though the winte1· air temperature had not fallen below 
zero. 

In a 1964 1·epo1·t entitled ''Watch Root Temperatt1res of 
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Some Plants'', Dr. John Havis of the University of Massachu
setts pointed out the importance of protecting roots of some 
species from winter cold. He found the killing temperatt1re 
for roots of hardened plants of !lex opaca and !lex crenata to 
be about 20°F. The killing ten1peratures for 1·oots of similar 
plants of Coto1,ieaste1· Jio1·izontalis and Py1·acantha cocci11ea were 
about 15° to 18° F., but plants of several ericaceous species 
withstood tempe1·atures lower than 15°F. without root in.iu1·y. 

In a preliminary experiment conducted at the University 
of Vermont shortly before I left that institution, we compared 
the ha1·diness of lowe1· stems and roots of well-established and 
hardened rooted cuttings of a number of species. Both the stem
killing temperatures and the root-killing temperatures varied 
widely among these species, as shown in Table 1. In all cases but 
one, stems were co11siderably hardier than roots. The extreme 
case found was Philadelphus vi1·ginalis where stem and root kill
ing temperat.ures were -44°F. and + 24°F. respectively. In all 
the species studied, the average difference in hardiness between 
roots and stems was about 30°F. In one case, that of Indigofe1•a, 
kiriloivii, root and stem killing temperatures were nearly eqt1al, 
3° and 5°F. respectively, not s.urprising when we remember that 
this plant is frequently top-killed in several hardiness zones 
where the root system persists without difficulty. 

In essence, prevention of root killing involves knowing 
what temperature roots can tolerate without in.iury and then 
keeping the temperature above this critical point. Since root, 
killing temperature of most species are not known, a more prac
tical alternative may be to keep root temperatures of a ques
tionable species above or at least close to the freezing point. 
Needless to say, root hardiness is an area in which additional 
research is badly needed. 
3) Suclden cold: 

It has been known fo1· many years that the rate of cool
ing can sometimes be .iust as important in determining winte1· 
in.iury as t.he minimum temperatures attained. One of the most 
familiar examples of this is sun scalding of tree trunks, in 
which the living tissues of the bark are first heated by radiant 
energy from the sun and then freeze rapidly as the sun sets or 
passes behind some object. White and Weiser at the Univer
sity of Minnesota have shown that the same kind of injt1ry can 
be sustained by leaves of certain evergreens. The situation 
they found can be illustrated in this way: picture a cold, bright 
winter day in the northern United States, when the maximum 
temperature reaches only 10°F. At the same time, the tem
perature of evergreen leaves may be as high as 40°F., because 
of radiant heating by the sun. On such a day, if the sun dis
appears behind a cloud or other object in mid-afternoon, the 
temperature of the leaves will very quickly approach the tem
perature of the surrounding air. Since their temperatures dif
fer by some 30° to begin with and are nearly equalized within 
a minute or so, it is obvious that the leaves cooled very 1·apidly. 
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Tal1le I Ste111 ,111cl Root K1ll111g Te111pe1a1111e~ of Ha1de11ed Rootecl C11tti11gs 

Species 01· cultiva1· 
K1ll1ng temperat11re (° F) 

Stems Roots 
---------------------------· 

Hyd1·angea pa1iiculata 'G1·a11,diflo1·a'' 
Philadelphus virgi11,alis 
Vibu1·num tr·ilobuni 
A beliophyllum distichu1n 
Sympho1·ica1·pos clienciultii 
W eigela 'Bristol Snowflake' 
W eigela 'Vanicek' 
Elsholtzia staitnto11,ii 
Fo1·sythia 'Karl Sax' 
Fo1··s11thia 'Lynwood' 
Weigela 'Bristol Ruby' 
/1idigofera lcirilowii 

-44 
-44 
-44 
-22 
-15 
-15 
-15 
-14 
-13 
-13 
-11 

5 

0 
24 
16 

7 
25 
19 
23 
12 
18 
14 
18 

3 

Under such conditions severe damage resulted to Thuja occi
dentalis in the Minnesota study, and it seems safe to assume 
that other species are affected in the same way. Jin milder 
climates than Minnesota, Thuja occidentcilis is less prone to 
this kind of in.jury, but some of the tenderer species grown 
probably react in the same way. This kind of injury is not 
peculiar to young container-grown plants - it occurs in the 
field as well. But with the portability of' container-grown 
plants, mo1·e can be done to prevent it. P1·obably the simplest 
way of protecting against this kind of in.iu1·y is to shade the 
plants f1·om full sun. This is often done with lath shades, but 
coarse bu1·lap, sa1·an cloth, and othe1· materials have been used 
equally well. 

4) D1·11ing : 
Because of limited space and favo1·able moisture and nu

tritional levels, 1·oot systems of well grown plants in contain
ers a1·e usually smalle1· in relation to their tops than those of 
comparable field-grown plants. This, together with the possi
bility of rapid drying and frequent freezing of the limited soil 
volume, makes container-grown plants unusually susceptible to 
dehydration when fully exposed to the winter environment. 
This is especia.lly true of evergreens, as they transpire substan
tial amounts of water in the wintertime. 

Drying of evergreen foliage is a common occurrence in 
some areas, and is referred to as ''winter-burning'', ''sun-burn
ing'', and ''wind-burning''. It is caused by excessive water loss 
from foliage, whether by the effects of sun or wind, under 
conditions when water cannot be picked up from the soil to re
place that lost. This kind of in.iury is sometimes difficult to 
distinguish from the foliage ''bu1·ning'' caused by sudden tem-
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perature drops, as the symptoms of both kinds of injury are 
dehydrated 01· ''burned'' leaves. 

Prevention of in.iury from drying requires frequent in
spection of plants and ,vatering as necessary. Many contain
er-g1·own plants have been lost during the winte1· simply be
cause their root systems we1·e allowed to dry out. P1·otection 
may also include red11cing evapo-t1·anspiration, by shading to 
reduce heating of evergreen foliage, by building glass or plas
tic enclosures to capture evaporated moisture, 01· both. 

In summary, protection of pla11ts against these four prin
ciple causes of winter in.iury involves (1) eliminating mechan
ical damage by suitable protection against ice and snow, and 
against rodents and other animals, (2) either reducing a young 
plant's tenderness in early winter or delaying the onset of 
severe cold, (3) providing some shade from full sun for ever
green plants. and ( 4) preventing drying of plants during the 
winter. 

M etliods of Protection 
Protection of young container-grown plants can va1·y all 

the way from no protection at all to complete temperatu1·e con
trol. The degree of protection that must be used varies with 
the climate in a particular location, with the species of plants 
being handled, and with the degree of risk that a partic11lar or
ganization feels is acceptable. In general, greater degrees of 
p1·otection are more expensive than lesser degrees, so the eco
nomics of each situation must be weighed carefully, and each 
organization may do this somewhat differently. For example, 
at the Arnold A1·boretum some plants are p1·otected by mulch
ing, others by placing them in an unheated polyethylene green
house, but the ma.1ority of ou1· young plants a1·e placed in a 
storage building in which the temperature can be maintained 
at or slightly above freezing during the entire winter. This 
building is equipped ,vith refrigeration that can be turned on 
i11 late winter and early spring to insure that the temperature 
is kept below 40°. The cost of this building would prohibit its 
use in just about any commercial establishment, but since we 
are dealing with many plants that are irreplaceable or at least 
very difficult to replace, we cannot tolerate much risk. On the 
other hand, looking at the extent of plant losses resulting from 
inadequate protection in the Northeastern United States ove1· 
the past several years, it seems that many organizations have 
been willing to accept too high a level of risk, and have suffer
ed economically as a result. 

l. Mulchirig. For many of the hardiest species grown in 
containers in southern New England, the only protection that 
is needed is to pull the containers closely, together and mulch 
them to give some protection to the roots. This is true of many 
deciduous materials and a few evergreens such as .iunipers and 
certain yews. In some cases, containers have been tipped over 
on their sides, with variable results. When these methods are 
used, ,vi11ter p1·ecipitation may supply enough moist11re to pi·e-
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vent se1·ious d1·ying, but it would be a mistake to assume this 
will be the case and neglect to check for drying regularly. 

2. Shacling. This can be done in several ways. The t1·adi
tional method is to use a lath house. The one illustrated is at 
Imperial Nurseries in Connectictit whe1·e seve1·al very large 
lath houses of the type shown a1·e in use. Roger Coggeshall at 
Che1·ry Hill Nu1·se1·ies, and his predecesso1·s the1·e, have used 
to good advantage a pine g1·ove located on the prope1·ty. These 
large pine t1·ees furnish almost complete shade f1·om direct 
sun fo1· plants unde1·neath. Du1·i11g the winter Ghent and other 
azaleas are sto1·ed in ball and bu1·lap, along with flats of rooted 
cuttings of .iunipers and yews. In this p1·otected area, the ear
liest snow cover is likely to pe1·sist and the late1· snows of win
te1· 1·emain as p1·otection rather late in the spring, giving excel
lent protection. This nu1·sery has also used screens of snow
fencing about four feet from the g1·ound over transplant beds 
but are now getting away from them because of problems with 
snow breakage and inconvenience in working under them. 

3. Unheated structu1·es. These fall into three categories: 
( 1) cold frames and greenhouses ( usually plastic covered) , 
(2) more or less opaque structures that we can refer to as 
common storages, and (3) ref1·igerators in which storage tem
peratures can be closely cont1·olled. These structures come in 
many types and degrees of elegance. Often they consist of 
adaptations of existing structures. For example, Imperial 
Nurseries is using a modified potato sto1·age house. A large 
amount of 1·oof has been b1·oken out and replaced by fiber
glass to allow light to come through in the top floor of this 
building and everg1·een azaleas a1·e sto1·ed in it. Shade trees 
and clematis in containe1·s are stored in the lowe1· level, in dark
ness. This nu1·se1·y is also using a variety of buildings former
ly used fo1· sto1·ing tobacco. A1·ie Radde1· of Impe1·ial Nurser
ies has been ca1·1·ying on a substantial research program to find 
the best ways of adapting tobacco sheds to winter storage of 
nu1·se1·y stock. Weston Nurseries, in Hopkinton, Massachu
setts, is making use of a variety of common storage structures. 
In one case, an existing cella1· hole was 1·oofed over with a 
gable roof and floored beneath it at g1·ound level, thus provid
ing two levels for storage. Broad-leaved evergreens such as 
1·hododendrons, mountain laurel and andromeda are being 
stored in this structu1·e. Ed Mezitt of Weston Nurseries 
has car1·ied on considerable experimentation in cooper
ation with the University of Massachusetts staff in adapting 
a variety of st1·uctures on the nurse1·y g1·ounds to storage of 
plants overwinter. Probably the most elegant common stor
age building that I have seen is located at Corliss Brothers' 
Nursery in Ipswich, Massachusetts. I expect most of you 
have 1·ead the recent a1·ticle in the November 1, 1967 American 
Nursery11ia1i describing this building, which has been in oper
ation for two yea1·s. The outstanding features of this building 
are the provisions for ventiliation and the degree of mechani-
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zation that has been 1·eached. Balled and bt1rlapped plants 
and container-grown plants are placed on pallets and carried 
into the sto1·age building with a forklift. Ventilation dt1ring 
the winte1· is accomplished with the fan and polyethylene tube 
method commonly used in greenhouses in which exhaust fans are 
mounted in an outer wall of the building and perforated poly
ethylene tubes a1·e suspended from the ceiling serving to intro
duce and distribute outside ai1·. Fu1·the1· circulation of the air 
in the storage building is accomplished by 4 Dutch Mill turbu
lato1·'s spaced in this 50 x 100 foot building. Although this 
building is neither heated nor ref1·igerated it is heavily insu
lated. This keeps tempe1·atures from falling much below freez
ing in the coldest part of the winter, but makes it possible to 
keep the temperatt1re below 40°F. through March. 

Ref1·ige1·ated storages have been used widely for holding 
certain classes of nursery stock in readiness for spring ship
ment. Some nurseries are using refrigerated storage for hold
ing summer-1·ooted cuttings for sp1·ing planting. Case Hoogen
doorn of Newport, Rhode Island, has been one of the pioneers 
in this use of refrigerated storage in New England, through 
his own experimentation and his suppo1·t of resea1·ch at the 
University of Rhode I,sland. Obviously stock stored in 1·e
frigerated facilities must have a relatively high value per unit 
volume occupied. 

4. Heated st1·uctu1·e. These diffe1· f1·om the buildings and 
strt1ctu1·es .i ust mentioned only in that supplementary heat is 
available for use during the coldest part of the winte1·. They 
can 1·ange all the way from heated cold f1·ames using steam 
lines 01· electric cables to heated greenhouses and sto1·age bt1ild
ings. Heated st1·uctu1·es are not used as commonly in southern 
New England as they are in northe1·n New England for obvi
ous reasons. Where plastic g1·eenhouses are used for winter 
protection, the need fo1· heat depends upon the species grown 
as well as the geog1·aphical location. As a rule of thumb, for 
most young nursery stock currently grown, accessory heat is 
probably not necessary in a1·eas with an ave1·age annual mini
mum temperature of -10°F. or higher, but in a1·eas having an 
average annual minimum temperature lower than -10° F. it 
is probably very risky not to provide some accessory heat, un
less the most hardy species only are being grown. 

Summar·y 
A large number of successful methods has been devised for 

storing }'Oung nursery stock. Without a common denominator 
this variety of ways to ''skin a cat'' seems bewildering. But 
a close look at the principles involved shows us what all suc
cessful methods have in common - and makes it possible to 
devise new methods as the need or the oppo1·tunity arises. 

MOD ERA TOR HESS : The next speaker on the p1·og1·am has 
the topic of overwintering eve1·greens under poly houses. M1·. 
John Zelenka will give the paper. 
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OVER-WINTERING EVERGREENS UNDER POLY 
IN NORTHERN CLIMATES 

JOHN G. ZELENKA 
Z ele'Jt!ca Eve1·gr·een Nur·se1·y, ]'rte. 

G1·ancl Haven, Michiga1t , 

Ou1· fi1·m, having been one of the fi1·st to attempt winter 
sto1·age unde1· northe1·n conditions, and presently storing pr·o
bably more plants than any other firm in the north, I feel that 
it might be enlighting to relate our experiences for whatever 
they may be worth. I feel it is an operation we cannot ignore. 

First, may I outline the basic 1·easons fo1· wanting to store 
everg1·eens ove1· winte1·. Fi1·st, in ou1· location in west cent1·al 
lowe1· Michigan, it is not uncommon fo1· our spring digging sea
son to begin around Ap1·il 1st. Being a company that sells to 
the trade as far south as Kansas City. St. Louis, etc., we must 
be in a position to deliver when thei1· selling season begins. 
Second, with a steady inc1·ease in retail competition, our cus
tomers require a plant in full color, free of all winter discolor
ation. Poly sto1·age is one of the best ways I know to p1·e
se1·ve good winter colo1·. Third, is the fact that in ou1· area 
common labo1· is more 1·eadily available in the fall than i11 the 
early sp1·ing. 

These three reasons led t1s in 1960 to erect three non-heat
ed glass Greenhouses (30' x 150'). That fall we were able to 
store 12,000 evergreens, mostly taxus, _juniper, arborvitae, ilex 
and spruce. These we1·e of various sizes, ranging from 9-12'' to 
2-3'', dug and potted in September and stored in the green
houses about N ovembe1· 1st. 

Our first season's expe1·ience was so encouraging with the 
exception of ilex, that we immediately wanted to expand this 
pro.iect. Afte1· studying the cost of glass, we were aware that 
more glass was imp1·actical. After pricing from several com
panies, we decided on 5 Trox houses (23 x 178') at a cost of 
approximately 50c pe1· sq. ft. This looked good in compari
son to $2.00 fo1· gl2ss. 

Again the follow::1g sp1·ing our results we1·e encouraging, 
with the exception of ilex. When con1paring the results in the 
greenhouses ancl in 'i:he Poly Trox houses, we felt that the 
plants under poly seemed to sho,v less dehydration tha11 those 
under glass. 

This began an even mo1·e intense study of structu1·es. We 
came up with our own design of 1'' pipe 16' x 100' and later 
1·edesigned to 18' x 100'. These we built for about 35c per ft., 
including ir1·igation. Since, we have e1·ected about 60 of these 
st1·uctures. Each year·, we have watched our operation closely, 
and at this time can draw some of the following obse1·vations 
fo1· successful sto1·age. Keep in mind, we are speaking of west 
central Michigan. 

1. Select for storage plants that a1·e of good quality and 
vitality. Storage will not make a poor plant look sharp. 
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2. Dig as ea.rly in fall as possible to enable the plant to 
overcome shock before severe cold weathe1· sets in; I prefer 
from September 20th to October 10th. Ho,vever. in the case of 
ilex, I prefer no later than September 15th. 

3. Draw poly over houses about November 1st. Late cov
e1·age can 1·esult in dehyd1·ation of the plants. 

4. Keep well watered on days when the soil in cont::liners 
is not f1·ozen. Ventilate well while watering, so that the pla.nts 
will not freeze while covered with water. 

5. Any time du1·ing storage, houses should be ventilated 
whenever excessive heat builds up due to sunshine. Otherwise, 
keep as air-tight as possible. 

My comments so far may sound as if we have no prob
lems. I must emphasize that whenever the 5 points I outlined 
we1·e followed, ou1· success was excellent. Ou1· firm is probab
ly no different from hundreds of others, and when something 
looks promising we have a tendency to stretch our luck. Some
times we dig too late in the season, and at times we have left 
some houses uncovered too late. These ,vere the instances 
where we experienced the most damage. I also mentioned ear
lier that ilex did not store well. However, when dug in late 
August, or ea1·ly Septembe1· and plunged into sawdust, results 
were excellent. They will not winte1· setting on top of the 
ground. 

Most all of the evergreens we have stored were field-pot
ted either with the Jiffy Balling machine or by hand. Though 
we did store some B & B, but found it very difficult to keep the 
ball wet unless plunged into some sort of mulch. Therefore, our 
experience was much more successful with potted pla.nts than 
B & B. 

MODERATOR I-IESS: Our next topic is one in which many 
people are very inte1·ested. The ''Cold Sto1·age of Softwood 
Azalea Cuttings'' will be discussed by And1·ew Adams, Jr. 

''COLD STORAGE OF SOFTWOOD AZALEA CUTTINGS'' 
ANDREW N. ADAMS, JR. 

Ten Oaks Nu1·se1·y & Gar·de1is, !rte., 
Clarksville, Ma1·ylartd 

Back in the middle of June 1964, while trimming ou1· aza
leas for the last time of the season, one of our men mentioned 
what a shame to throw away all those good cuttings. They 
were really too soft to stick and we still had lining out to do 
and just did not have the benches ready no1· the time to stick 
cuttings. Azalea cuttings are no1·mally ready here in Central 
Maryland anytime afte1· the 4th of July, depending of course 
on the season. 

We have a cold storage room 8' x 7' x 50', built of con
crete block with one 5-ton refrigerator unit and two circulating 
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and just did not have the benches ready no1· the time to stick 
cuttings. Azalea cuttings are no1·mally ready here in Central 
Maryland anytime afte1· the 4th of July, depending of course 
on the season. 

We have a cold storage room 8' x 7' x 50', built of con
crete block with one 5-ton refrigerator unit and two circulating 
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fans cooling the structure. "l'he structure is under ground with 
3' of soil on top, so it carries a temperature close to 55° year 
1·ound. We keep the temperature set at 38°F, which means it 
will run between 35° and 40°F. It is used primarily for pre
cooling azalea plants brought in in September for the Christ
mas season and also for holding azaleas back from blooming 
too soon, for late Easter and l\,1other's Day. Being empty in 
the summer, we thought it ideal for storing cuttings until we 
we1·e to stick. At fi1·st we collected our cuttings and stored 
approximately 500 cuttings in large poly bags, but found after 
several weeks they mildewed and our losses were quite high. 
The following year, after our initial experiment, we merely 
layed our cuttings out on damp burlap on racks and sprayed 
once a day to prevent any drying out from the circulating fan 
in the ceiling. Cuttings have been stored as long as six weeks, 
but we like to get them in the bench from two to th1·ee weeks. 
The results are in the 90-95% range, with the c1·op being be
tween 150,000 - 225,000 stuck per year over the past three years. 

We find the cuttings, being cut green, tend to harden up 
and are much more turgid when stored, plus the fact our 
rooting percentage on soft wood has been much better and we 
no longer bother with any hormones, which saves a lot of 
labor in time as well as the expense of the I.B.A. itself. On 
sto1·ed cuttings the foliage is much easier and faster to Etrip 
off plus the buds snap out faster. 

]t is now standard practice at Ten Oaks to store all soft
wood cuttings at least 24 hours at 38°F befo1·e b1·inging them 
to the bench fo1· sticking. 

MODERATOR HESS: We now have time for a question and 
answer period. 

CASE HOOGENDOORN : John, you said you had difficulty 
with your balled and burlap material d1·ying out. Do you pack 
them in any mulch such as sawdust? 

JOHN ZELENKA: Case, perhaps I did not make myself 
clea1·. It isn't any more difficult to store balled and burlap 
plants than potted material except that the work involved is 
just so costly that we do not do it. We just store container 
grown mate1·ial. 

PETE VERMEULEN : I would like to ask Har1·ison Flint if 
he found any association with the vigor of the top growth with 
the 1·oot damage that he observed? 

HARRISON FLINT: No. Howeve1·, we do know that if a 
plant is actively growing, it is not hardy, and therefore its root 
system is not hardy. 

PETE VERMEULEN: I am not only speaking of vigor in 
terms of actual growth but also the nut1·itional status of the 
plant. 

HARRISON FLINT: The1·e still remains a fai1· amount of 
confusion about the nutritional status and hardiness. There 
1·emains a lot of work to be accomplished in this area. 

RALPH SHUGERT: I would like to bring up a point in re-
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lation to John Zelenka's talk. I think the key to his success is 
location. In our area where we have a lot of low temperat11res 
but also a lot of clear weathe1· and sunshine compared to the 
more cloudy area by John Zelenka. we have run into quite a lot 
of problems. For example, with junipers wherever the foliage 
from one plant touched another, the whole area was dead. We 
used a plastic covered shade house "'hich was very tight. 
When it was necessary to ventilate we came back and watered 
to keep the humidity high. Under these conditions we had a 
reasonable degree of success with the 1 axus but we had a lot 
of losses and needle drop with spruces and I have already men
tioned the problem that we had with the _junipers. In contrast 
the material in containers came through with good color and 
good condition. 

BILL FLEMER: Mi·. Zelenka, do yo11 use the clear or the 
milky polyethylene to cover you houses? 

JOHN ZELENKA: We use the clear plastic with relatively 
good success. However, I am sorry that we have not tried 
some of the milky polyethylene because I think there may be 
some additional merit in using it. 

VOICE: I would like to address a question to Mr. Zelenka. 
What type of irrigation system do you use in the poly houses? 

JOHN ZELENKA: We ha,,e a main line going in front of 
all the poly houses with an underground spur running right 
through the middle of the poly houses. There are risers in the 
houses with Rain Bi1·d nozzles that deliver a square pattern. 
This 1·educes the amount of overlap. The entire system is 
equipped with automatic drains so that when the p11mp is shut 
off the wate1· drains automatically under the soil. We try to 
avoid watering whenever the containe1·s are frozen but at those 
times when they are completely thawed out, we take the op
portunity to water them. When they have had a s11fficient 
amount of water we shut off the system. It automatically 
drains out and there is no p1·oblem of f1·eezing of the irrigation 

• pipes. 
ROBERT FARMER: I would like to ask Harrison Flint if he 

has worked out a quantitative method of determining root dam
age and does he differentiate between chilling injury and 
freezing damage? 

HARRISON FLINT: We have used the electrolytic method 
of dete1·mining the elect1·olytes which are released from the tis
s11es damaged by freezing. This seems to wo1·k quite well with 
the species that we have tested. I have not differentiated 01· 
studied chilling inJ11ry. 

MARTIN USREY: I would like to ask Andy if you have 
observed any difference in the rooting of the cuttings which 
you have held over? 

ANDREW ADAMS: We find that the pe1·centage rooting is 
better on the cuttings ,vhich have been l1eld in the cold storage. 
In fact we now sto1·e all our cuttings fo,r at least t,ventv-four 

V 

hou1·s. The1·e seems to be less problem with wilting after the 
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sto1·age. They seem to be in a more turgent condition. 
DICK STADTHERR: Andy, are the cuttings which are stor·

ed given any a1·tificial light? 
ANDREW ADAMS: We have a string of incandescent lamps 

in the storage area which does p1·ovide a very small amount 
of light. 

JAMES WELLS: I would like to make a comment on the 
sto1·age of cuttings. One year we ran out of space when we 
were making taxus and arborvitae cuttings. This was some
time in the middle of February. We continued making the cut
tings in the normal way, treating them with hormones, and 
packed them in deep flats on a bed of sphagnum moss. The moss 
was packed around the base of the bundles of cuttings. The 
flats of cuttings were placed in a cellar which had a few incan
descent lamps much as Andy Adams described. The lamps were 
switched on during the day and the cuttings were given an oc
casional sprinkle of water. The cuttings stayed in the cella1· 
for about eight weeks. At the beginning or middle of April they 
were taken outside a11d inserted direcly into cold frames in 
sandy soil where they rooted quite rapidly. 

VINCE BAILEY: I would _just like to add to Jim Wells' 
comments. We have been storing conifer cuttings in the dark 
in refrigerated cold storage with hun1idity control on a regul
lar basis for the past ten yea1·s. We have had very good suc
cess storing the cuttings fo1· periods of f ou1· to eight weeks. 

VOICE: I would like to ask M1·. Wells if there was any 
sign of callus fo1·mation at the time he stuck the stored cuttings? 

JAMES WELLS: Yes, not only callus but young roots were 
p1·esent. 

BILL FLEMER: Last winte1· we lost all of our Japanese 
che1·ries, three inch in caliber, and up because of bark kill on 
the sunny side of the trunk. I would like to ask Dr. Flint if we 
had whitewashed the trunks of these t1·ees, particularly on the 
sunny side, if this would have prevented the injury? 

HARRISON FLINT: It might have prevented the injury al
though I do not want to make a flat statement. ft depends up
on how severe the conditions actually were. 

CHARLEY HESS: It was difficult year for trees in New 
Jersey because of a very warm spell of 70 degrees in January 
and March followed by some temperatures at 6 degrees above 
zero. Peach growers who did whitewash their trees reduced 
the injury that was experienced with trees which had not been 
whitewashed. Work is continuing to find materials which will 
reflect the sunlight bette1· or provide some insulation. By using 
thermocouples it was possible to measure the temperatu1·e un
de1· the bark during the past winte1·. In J anua1·y when we 
were experiencing the 70 degree weathe1· the bark on the south 
side of the tree 1·eached a. temperature of 90 degrees. In March 
the1·e was a period when the bark tempe1·ature went up to 70 
deg1·ees during the day and 6 degrees above zero at night. This 
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places a t1·emendous stress on the pla11t and it is t1uestio11able 
whether whitewash alone would have helped. 

BRUCE BRIGGS: We did a little work on containers this 
past year t1·ying to keep the soil temperatu1·e uniform \vithin 
a bed of container-g1·own plants. We used foil pape1· on the 
outside of the blocks of container-g1·own stock. The foil pape1· 
did an excellent .iob of keeping the temperature more uniform. 

RALPH SHUGERT: The moderator fo1· the second sympo
sium of this afternoon's p1·ogram is Di·. Ken Reisch. 

KEN REISCH: I would like to bring g1·eetings from Dr. 
Chadwick who was not able to come this yea1· but wishes every
one well and hopes to be present at next year's meeting. 

ROOTING MEDIUMS 
K. W. REISCH 

011:iu Ag1"ic'ult'ut·al Research and De,velup,11ie1it Cerite,1· 
Wooster, Ohio 

Rooting mediums for cuttings have been discussed for· cen
turies and probably originated when prehisto1·ic man fi1·st 
thrust a spear into the ground. Innun1erable materials have 
been used for this purpose and vary fron1 field soil to sophisti
cated mixtures of organic and inorganic substances. Included 
among those ,vhich have been mentionecl in the literature are 
sand of va1·ious types and particle size, peat moss of different 
fo1·ms, ashes, cinde1·s, flue dust, sawdust, pumice, g1·ound bark, 
sphagnum moss, soil, 1·ice hulls, coffee, parchme11t, cocoa fibe1·, 
vermiculite, pe1·lite, styrafoam, clacine clay, BR-8 blocks (pro
cessed wood fiber), water, a11d air. 

A 1·ooting medium should fulfill the following ob.1ectives: 
1. Maintain the cutting in a prope1·ly oriented position. 
2. Minimize moistu1·e loss f1·om the subme1·ged por

tion of the cutting. 
3. P1·ovide a suitable environment for the elongation 

of roots. 
Although the1·e a1·e various schools of thought on the 

characte1·istics of a good 1·ooting medium, the following should 
be conside1·ed. 

1. Inexpensive 
2. Readily available and 1·eproducible 
3. Uniform and long lasting 
4. Free f1·om disease, insects, nema.todes, and toxic 

substances 
5. Easily managed 
6. Well drained and with desirable air-water relations 
7. Uniform tempe1·ature 

Matkin (25), noting the importance of the f1·ee porosity 
or air space in the mediumi, indicated that 1) The medium 
should have as high a free porosity as practical unde1· the cir-
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cumstances; 2) The medium should be as deep as possible 
since the depth of the medium column affects the air supply; 
and 3) No layer of coarse material should be placed in the 
bottom of rooting containe1·s since this shoi·tens the column 
and raises the water table in the medium. 

Much work has related to the effects of various mediums 
and medium factors on rooting; however, there has been no re
search to indicate that the medium has any direct effect on 
root initiation. 

This discussion should be prefaced with the statement that 
numerotis investigators and commerical propagators have 
fot1nd variable st1ccess with rooting plants in different medi
ums, thus indicating that there is no one best medium for all 
plants and all conditions. The variable 1·esults are due to 
plant type, condition of t,he cutting, season, light, temperature, 
drainage, means of providing wate1·, type of st1·uctu1·e, hormone 
treatments, etc. 

Also, although the medium does not have a direct influ
ence on root initiation, it may have a marked effect on root 
elongation, type of root system, plant survival, and success in 
transplanting. For example, Wells, in his book on plant prop
agation, indicated that many cuttings will root readily in a peat 
and sand mixture, but 1·oots of some will 1·apidly begin to rot 
due to unfa,,orable ai1·-wate1· 1·elations. 

Effect of Mecliu1,is 01i Types of Roots 
In 1932, Long (23) published the effects of mediums of 

sand, peat moss, and a mixture of the two on the rooting of 
cuttings from 42 different plants. He found that finer roots 
were produced in peat moss than in sand. However, when the 
peat moss was kept at a low moisture content, the coarseness of 
1·oots approached those formed in sand. He also studied sand 
mediums with different size par'cicles from fine sand to fine 
gravel. The1·e was little difference in the roots until during 
hot summer weather when finer roots were found in the 
coarser medium. This was attributed to the heavier watering 
necessary and the greater water content in the fine gra.vel dur
ing this period. Chadwick ( 4), working with taxus, also found 
that roots were mo1·e fibrous and less brittle in peat moss 
than in sand. F1·anklin (11) indicated that roots formed in 
vermiculite were more fibrous than in sand; however, Bos (3) 
-found the opposite on cuttings of Pliilaclelphus coronariu.c;; 
'Aureus' rooted in these two mediums. 

In a summary of a discussion group, Flemer (10) report
ed that some firms had found more fleshy and brittle root sys
tems on cuttings rooted in perlite. Also:, Gifford (13) report
ed that peat and perlite provide a good medium for rooting 
chrysanthemums and that p1·eliminary tests showed that roots 
in perlite were not as soft and shipped better than those pro
dt1ced in sand and pea.t. 



Results iv,ilh Various Types of Mecliitms 
A number of articles have described the use of field soil 

as a rooting medium. Templeton, (36) describing his famous 
Phytotecto1· system, indicated the value of using soil as a 1·oot
ing medium because of lower initial cos1 and reduced costs as 
a growing-on medium. Roller (33) used field soil, with peat 
moss added, to propagate flex cor·nuta 'Bu1·fordi' and Chase 
(6) rooted Juniperus in the open field. Discussing the Burlap 
Cloud method, Hancock (17) described t.he rooting of summer 
softwood cuttings in soil sifted through a screen. 

Sand has long been considered a standard and universal 
rooting medium; however, very few have reported this mate1·
ial as the ideal medium. Dodd (7) indicated that vermiculite 
was superio1· to sand in rooting most magnolias but that sand 
was ,iust as effective for Star Magnolia. Wells ( 40) reported 
that many types of mediums have been t1sed to propagate ilex 
and that sharp sand only was recommended for the flex crenata 
types. It is interesting to note that Hitchcock (19), in 1928, 
found that /,lex c1·enata cutt.ings rooted poorly in sand. Espe1· 
(9) indicated that sand was found least desirable for rooting 
evergreens. Many writers, such as Kemp (22) pointed out the 
importance of sand particle size and the variation in results 
can be attributed to the relationship between the number and 
extent of capillary and non-capillary pores in the different 
sand types. This was illustrated in the work of Matkin (25) 
who found that free porosity or air spac'.e, on a volume basis, 
was only 1.2 % in fine sand, 9.5% in typical propagating sand, 
and 29.9 % in peat moss. 

Numerous 'reports of specific mediums for diffe1·ent spe
cies and cultivars have been reco1·ded. Chadwick (5) and Dor
an (8) gave recommended mediums fo1· cuttings of several 
deciduous a11d evergreen plants. Hitchcock ( 19) classified 96 
varieties of cuttings into those which root readily in sand, i11 
peat,, or in either. It is important to note that, in this early re
search, the ma.iority of plants were found to root successfully 
in either sand or peat or in a mixture of the two. Myrhe and 
Schwartze (26) also 1·eported 35 species and varieties of broad
leaf and narrowleaf evergreens which rooted well in sand as 
well as in a sand-peat mixture. 

Houston and Chadwick (21) report.ed that softwood cut
tings of 20 deciduous and everg1·een plants rooted better i11 
vermiculite than in two different grades of silica sand. Gray 
(14) found that tsuga cuttings rooted bes.t in a medium of 1/:1 
sand, 1/1 peat moss and 1/ 1 fine styrafoam. In general, how
ever, much of the resea1·ch with types of rooting mediums has 
indicated relatively little difference in effectiveness. O'Rourke 
and Dedolph (27) found no one medium consistently superio1· 
in rooting cuttings of seven plant species. They used sand, ar
cillite, and perlite plus equal volumes of sphagnum peat and 
mixtures of styrafoam and peat, and arcillite and peat. Prid
ham (30) found no significant effect of mediums of cinders, 

358 



sand, or vermiculite on rooting evergreen cuttings. Hall and 
Cannon (15). working with Rhododendron ca1·olinianum cut
tings noted that the mediun1 was of less importance than tim
ing or ho1·mone treatment. Mediums used ,vere composed of 
German peat moss combined with sand, perlite, and weblite. 
Also, Tinga and Hayes (37) found no significant differences 
in rooting large cuttings of several plants in four medium 
types and Germany ( 12) indicated that firethorn will root in 
practically any medium. He found good 1·esults with common 
b1·ick sa11d .. ve1·miculite, and perlite as \Veil as mixtL1res of 
sawdust and peat. 

Effect of Medium pH 

Some attention has been given to the effects of pH on the 
rooting of cuttings; howeve1·, in many instances, the effect of 
pH diffe1·ences in the medium were confounded by factors of 
aeration, drainage, etc. In some early research, Hitchcock and 
Zimmerman (20) fou11d that Azalea a11ioena cuttings 1·ooted 
better in peat at pH values of 3.70 to 4.68 than i11 peat nea1· the 
neutral point. Roof (34) rooted softwood cuttings of several 
plants in sand adJusted to pH values of 4.3 to 8.5. In general 
better rooting occurred at pH values of 6 to 8 but this was not 
conclusive. With some species, he found a high percentage of 
rooting in the mediums adjusted to pH 5 and 6. Parker and 
Kamp (29) found significantly better rooting on cuttings of 
coleus, carnation. and chrysanthemum in mediums with pH 
values of 7 and 8 than at any other pH. VanDrunen and Kamp 
(38) found similar results on Hatfield yew cuttings with little 
to no rooting at pH levels of 5 and 6 and best rooting at pH 7. 
This sub.iect is also somewhat controversial since numerous 
cuttings, including yew, have been successfuly rooted in sand, 
peat, and other mediums with low pH values. Also, in relation 
to this same factor, Mahlstede (24) indicated that a low pH, 
u11der 4, inhibited callus formation on cuttings. 

Va1·iant Medium Types 

Some propagato1·s ha,,e used 1·ooting mediums established 
in layers. Halward ( 16), in p1·opagating Ce1·cidipliyllum ja
po11.1:cu11i cuttings in cold frames, used a mixture of loam, peat 
moss, and sand with a layer of 11/2 inches of sand on top. 
Shammarello (35) described a medium for rooting rhododen
drons in a sashhouse as being composed of a layer of g1·avel 
underneath a layer of two grades of sand mixed with peat moss 
on which an electric heating cable was placed. The same mix
ture was then placed on top of the cable. Baldseifen (1), us
ing a modified Nearing Frame, placed layers of shredded peat 
moss, peat moss mixed with course sand, and a ¼, inch cover
ing of sand on top fo1· rooting deciduous azalea cuttings. Ra
vestine (31) described a unique medium for rooting magnolia 
and viburnum hardwood cuttings. Two and one-half inches of 
peat moss was pt1t in the bottom of the bench and covered by 
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a thin layer of peat moss. The cuttings were laid on top of this 
followed by a layer of sphagnum moss and a cove1· of peat 
moss. The layers were moistened as they were added and no 
additional watering was necessary. 

Rooting G1·owing-01i Mediums in Co11,tai1ie1·s 
Seve1·al worke1·s have reported the use of mediums fo1· 

both rooting and growing-•on a11d the most detailed medium 
,vas proposed by Vermeulen (39) who suggested the term 
Propicon to co,,er the broad area of propagation in containers. 
The medium was composed of 53o/o German peat moss, 171/2% 
#1 Horticultural Perlite,, 171/2 % finely shredded styrafoam, 
9 % fine sharp deep pit sand, and 3% soil. Tinga (37) suc
cessfully rooted large cuttings of several species directly in 
containers in four types of mediums ancl Reisch (32) reported 
the use of a medium composed of 1/: soil, 1/:: peat moss, and 
1/.1 sand to root ha1·dwood cuttings in 1 gallon plantaine1·s. In 
other work, Hess (18) used a light weight medium 1/:: vermi
culite, 1/:: styrofoam, and 1/: peat moss to root cuttings direct
ly in plant bands under mist, which p1·ovided rooted plants 
ready for shipment. 

Cu1'rent Aspects 
With the advent of mist propagation techniques, some 

changes have occurred in the concept of clesirable medium types. 
Numerous mediums have been used successfully with equally 
numerous variations in misting systems. As discussed by Mat
kin (25), free porosity or air space in mediums used in mist 
propagation should not be less than 20 % by volume. 

Although there have been few rep<)rts of the commercial 
rooting of cuttings in air, this has been effectively accomplish
ed by chance, when a cutting roots on tc)p of the surface un
der a mist line, or by intent, as in a recent research study at 
The Ohio Agricultu1·al Research and Development Center. In 
this work, rose cuttings were successfully rooted in air with 
the bases extending into a mist chamber. This technique en
abled the workers to treat the 1·oots with varying concentra
tions of calcium and chelate compounds to determine effects 
on root anatomy and absorption. 

One of the newest innovations in rooting mediums, a block 
composed of softwood kraft wood pulp ,vith a hole for insert
ing the cutting, appears to have considerable promise. Beck 
and Adams (2) described these 1.5 inch cubes, known as BR-8 
Blocks and manufactured by the American Can Company, as 
follows. The wood pulp is stabilized against decay by polymer
izing ac1·ylonitrile in the fibers, and nutrient ions are sprayed 
onto the block. Each block weighs 4.5 grams and absorbs more 
than ten times its weight in readily available water. Roots 
readily penetrate the structures and subsequently develop 
well in surrounding soil. Geraniums have been satisfactorily root
ed and grown to flowering in 3-inch BR-8 Blocks. Studies, t1sing 
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these blocks with floricultu1·e c1·ops at the Ohio Agricultural 
Resea1·ch and Development Center, have indicated that they can 
be used effectively under mist and must be steam pasteurized 
to prevent rot organisms from developing on the cuttings. In 
these trials, cuttings of poinsettia, carnation, rose and geran
ium we1·e rooted and g1·own on successfully. 

Conclusions 
1. Numerous types of mediums can be effectively used for 

rooting cuttings. 
2. Ae1·ation and drainage are two critical properties of any 

medium. 
3. The success or failure of a medium is dependent on both its 

physical properties and the management program. 
4. Many of the discrepancies in the literature can probably be 

attributed to a failure to recognize and report differences 
between medium types, especially with various grades of 
sand, peat moss, etc., as well as differences in natural and 
man-made environmental conditions. 

5. There is no mystical significance associated with a given 
medium for a specific plant. 

6. The trend of current and future approaches to propagat
ing mediums, stresses the added feature of a growing-on 
medium to save labor, cost, improve handling efficiency, 
and 1·esult in less disturbance to the root system. 
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effect of n1ed1a, pH, a11d 1001 111d11c111g cl1cm1cals on rooting c,f Ga1clcn1a 
1,1s11111101des, 15th l'1oc 1111 l'la11t l'rop Soc, pp 151-154 

MODERATOR REISCH: The next two speakers on this af
ternoon's program are fellow travelers. I had the pleasure of 
being with them on a trip to California last spring. The first 
speaker is Earl Robinson who will talk on the sub.iect of ''Peat
perlite as a Rooting Medium." 

PEAT - PERLITE AS A ROOTING MEDIUM 
E1\RL H. ROBINSON 

Medfo1·d Nu1·sery, J1ic. 
NI edf 01·cl, N eiv J e1·sey 

• 

At Medford Nu1·sery we have tried to mechanize as much 
of our operation as possible. The first area we worked with 
was the propagating bench. The tedious and time-consuming 
.iob of filling and emptying benches did not a.ppeal to us. Cer
tainly a more efficient use of greenhouse space was possible. 
We looked to our western f1·iends and found that t,hey felt 
somewhat the same way. 

We began by 11sing a poured concrete bench suspended by 
a 12 x 16 x 4 ci11der block protruding under the concrete slab 
on the wall side and 11/4'' pipe legs on the other side. Copper 
tubing spaced at 6'' centers graduated from l'' to ¾'' to l/2'', 
was used for our heat source. This formed a radiant heat 
slab. The 180° water is tempered down to 90° to give a good 
even heat. The two benches are zoned separately. The two 
zones enable us to have two different temperatures in each 
bench, or to shut one bench down completely. The air tempera
ture is on another zone. This allows 11s to efficiently keep flats 
warm and air cool. We also make use of the polyethylene tub
ing combined with exhaust fans that thermostatically control 
cooling-(Acme system). Our mist system is controlled by a 
counter-weight on a screen-(Mist-o-matic control). 

The rooting medium to go into the flats was our next 
problem; drainage, aeration, and ,veight being critical. Our 
first peat-perlite mix of 1/2 sphagnum peat and 1/2 medium grind 
perlite, by volume in a standard flat remained too wet when 
the flats were placed directly on the concrete bench. We de
cided it was necessary to place the flats on lath to elevate them 
above the bench slightly. We also went to a deeper flat; name
ly, 4'' in depth. This also remained too moist, as indicated by 
browning of the end of the stem, and rooting only on the up
per portion of the stem. 

In our second mix we used 1/:: sphagnum peat moss, 2;:1 pe1·
lite, and watered this down with Aqua-Gro, and Morsodren. The 
results were greatly impro,,ed-heavy rooting with a root sys
tem that was much finer. Morsodren. available from E. C. 
Geiger, is an excellent fungicide for cuttings. 
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Recently we have i11c1·eased the per lite slightly, which 
tends to aerate the medium more. It seems almost impossible 
to over-water now. The proportions are one contractor's wheel 
barrow of Canadian peat to three four cubic foot bags of me
dium perlite. The reason for the peat is to anchor the cutting 
and induce a fibrous root system. We have not used a coarser 
perlite, as we are afraid of a coarser root development. lVIixing 
is done by hand on a clean floor washed down with LF-10, a 
hospital disinfectant. Plans are in the process to blend the 
medium with a 1·otating drum. The 4'' flats are cleaned and 
washed down with LF-10 and filled with rooting medium and 
compacted dry. Prior to inserting cuttings, the flats are soak
ed, by watering with Aqua-Gro and Morsodren. Cuttings are 
dipped in Jiffy-Gro and Captan, 1 % to 2 o/o powde1· and in
serted into the flats. Flats are accumulated and moved into the 
greenhouses and watered thoroughly. 

As soon as the plants have initiated roots, they are 1·e
moved from the propagating bench and placed in a growing 
house to harden before potting. After the cuttings are 1·emov
ed from the flat, the excess peat and perlite are used in the 
potting mix. By removing the flat of rooted cuttings as soon 
as they are rooted, there is room for another flat of cuttings 
immediately. The 11se of flats divides the propagating area in
to smaller areas of like size. This allows us to keep the house 
producing a maximum capacity. 

The peat and perlite allows us to have the necessary aera
tion in the rooting media, as well as making the flats light in 
weight,-,a very important factor is being able to use women 
to handle this material f1·om start to finish. 

MODERATOR REISCH: At this time the paper on rooting 
mediums by Harvey Gray will be presented by Ralph Shugert. 

RALPH SHUGERT: Befo1·e I present Harvey Gray's paper 
I would like to read this brief lette1·. It is dated November 27th 
1967. 

Dear Ralph: 
I am writing you this note flat in bed with some un

known germ. It does not seem likely that I will be up and 
around for this meeting. 

Enclosed is a copy of the talk I had intended to give 
you on Friday. Perhaps you can ar1·ange for someone to 
present it for me. 

Wishing you and the entire Society an extremely suc
cessful meeting, I am 

Sincerely you1·s, 
Harvey Gray 
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EXPLORING ROOTING MEDIA 
HARVEY GRAY 

State Unive1·sity 
Fa,,1"1ni1igclale, N eiv Y 01·/c 

Many plant propagato1·s 1·ecognize the value of oxygen in 
a 1·ooting medium. This is evident in the lite1·ature of ou1· So
ciety. The wo1·d ''sharp'' occu1·s f1·equently when sand is used 
to st1ppo1·t the cutting while in the process of 1·ooting. Other 
defining wo1·ds are used throughout the lite1·atu1·e. 

It is NOT my intention to discuss details conce1·ning ster
ility, nutrient content, 01· pH of the 1·ooting media. Rather, 
my conce1·n is the oxygen content available in the media for 
active rooting. 

B. A. B1·iggs states (I. P. P. S. P1·oceedings, 1966) if 
constant over-wetting of the cutting stem occur1·ed when using 
the ''air rooting'' technique, poor rooting followed; if not, good 
rooting resulted. This demonst1·ates the necessity of a favor
able water /oxygen relationship in the medium. 

On Long Island plant propagato1·s seek a commercial 
source of water washed ''concrete g1·.:1de'' sand for the 1·ooting 
medium. Very often the amount 2-!lli value of the washing can 
be questioned. The mechanical a11alysis of a lot of sand deliver
ed for the purpose of rooting a va1·iety of cuttings showed 20 % 
ve1·y fine sand and 5 % silt. 

Remember when the p1·opagat 'J1· pounded the sand a1·ound 
his cuttings in the sand bench? If the sand was a course, sharp 
grade, thi5 was impe1·ative; but if it was cloggec1 with fine 
sand and silt, the 1·ooting of cuttings was less than satisfactory. 
A friend of that e1·a often made reference to the ''milk bottle 
test'' to dete1·mine a sand's potential as a good propagation 
meclium. This test is as follows. Fi1·st take 1/2 cup of sand 
in a quart bottle; add ~(1• quart of water. Shake vigo1·ously and 
allow one minute to settle. To 1·ead the 1·esults note the densi
ty of silt and clay in st1spensicn. Note the quantity of very 
fine sand on top of 'che s2ttled-out sand. If a very dense sus
pension of silt and c l~ .. v exists, the sand should not be used. 
Also if a wide band :1f ve1·y fine sand appea1·s in the settling, 
less than satisfacto1·y results will develop. To clean a silt
loaded sand by washing is a lal,orious and costly task. 

It is here, with sand contair1ing very fi11e sand, silt, and 
clay tl1at such materials as fib1·ous peat, vermiculite, pe1·lite 
and styrofoam come to the aid of the propagator. Singly or 
collectively these materials in varying p1·oportions are added 
to the sand. The addition of these materials decreases the 
bulk density of the sand. 'This results in oxygen bearing pores, 
and naturally the oxygen inc1·ease in the medium. When using 
a sphagmum moss peat medium, inorganic substances such as 
vermiculite, perlite. cou1·se sand and styrofoam lessens the 
soggy moisture build-tip of the high water holding capacity of 
the peat. 
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'l'he problem of imbalance in the water/ oxygen relation
ship is intensified with misting. Excess wate1· applied to main
tain cutting turgidity, needs to be carefully avoided. Short 
blasts of mist at proper inte1·vals should be the mode of appli
cation. Misting intervals of thi1·ty seconds or longe1·, applied 
with time-clock regularity, may be cause for over watering and 
wa te1· / oxygen im palance. 

This past season our nu1·sery management stude11ts set up 
a series of tests with various media to demonstrate the points 
I have outlined. All cuttings were carefully selected for uni
formity. The cuttings were misted with short blasts. the inter
vals between misting unde1· the control of the 'Mist-a-matic'. 
The sand used in these demonstrations contained 25 o/<, very 
fine sand and silt. An ave1·age grade of sphagmum peat was 
used as well as horticultural grade perlite and #4 vermiculite. 
The species used in the demonstration were Rhodoclendr·on ob
tus1tm, Coto1ieaster· microphylla, and Pyrocantha cocciriea. 
Twenty different media blends and straight materials were 
used. Sand, when used alone, produced the poorest results on 
all three species. Peat alone produced somewhat better per
centages of rooting than sand alone. When peat in a blend of 
an equal volume of perlite or vermiculite, or a mixture of peat, 
perlite and vermict1lite we1·e used, the best results followed. 

This test does not 1·ule out the choice of sand as a good 
1·ooting media, but it does indicate the value of a clean. sharp 
sand, free of ve1·y fine sand and silt. It also indicates a satis
facto1·y alternative to washing the sand available to us. Fur
ther work along this line must be done to substantiate the con
cept of the wate1·/oxygen balance imperative in a rooting 
medium. 

MODERATOR REISCH: Our next speake1· on the panel is a 
fellow citizen f1·om Ohio, M1·. Richard Bosley, who will speak 
on ground bark as a g1·owing medium. 

GROUND BARK - A CONTAINER GROWING MEDIUM 
RICHARD W. BOSLEY 

Bosley Proclucts 
Meritor·, Ohio 

Introduction 
'fhe use of wood residuals, as a container medium, is be

coming quite popular. Many nurseries are using proportions 
running as high as 80-100 o/a. This utilization of wood resid
ual materials has been made possible by the development of 
methods of stabilizing the product against nitrogen withdraw
al from the g1·owning medium. 

I wish to acknowledge the great service that Dr. 0. A. 
Matkin and his Soil and Plant Laboratory, Inc., has made to 
the industry as a whole and more specifically to our 11ursery in 
the development of wood p1·oducts into suitable growing media. 
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Past P1·oceedings 
Fo1· your information you might like to check the 1963 

Proceedings of the International Plant Propagators' Society 
which contained an article entitled ''Ground Bark as a Grow
ing Medium for Container Nurse1·y Stock'' by F. A. Rigby. I 
will try to bring you up to date on what has happened between 
then and now. 

What Are We Looking l<"'or? 
What a1·e we looking for when selecting a 

dium '? 
1. 
2. 
3. 
4. 

Physical and chemical characteristics. 
Availability 
Cost 
Disease Problems? 

Physical Cha1·acte1·istics 

container me-

Let's talk first about some of the physical and chemical 
ch,tracteristics of organic amendments that we might be look
ing for and bark specifically. 

One of the first physical characteristics that comes to mind 
is the aeration and drainage factors. The sudden water log
ging of a medium previously only moist will kill the roots of 
most plants, with or ,vithout pa1·asites. The continuous devel
opment of 1·oots provides, among othe1· things, the essential 
means of ad.justing to a changing envi1·onment. Perhaps a bet
ter approach thot1gh is to have a medium which is difficult to 
overwater or will assume adequate air within the medium 
shoi·tly afte1· a heavy rain 01· irrigation. 

Good drainage can be achieved with course mate1·ial, ,either 
organic or inorganic. The next factor we might consider 
though is moisture 1·etention and this will limit the particle 
size. We might say then why not use .i ust the right size of 
sand? It is cheap, wo11't bi·eak down and can be made clean. 

The fertility retention capacity or cation exchange capac
ity of most sand is ,,e1·y low and so you would have trouble 
keeping the plant fed. 

A numbe1· of fact.ors then point to using an organic amend
ment in our g1·owing medium. Many growers have used sphag
num peat for many yea1·s with good 1·esults but at a rather high 
cost and after a wet yeat· in Germany,, questionable availability. 
Afte1· rathe1· extensive investigation we were encouraged to 
use g1·ound bark as the 01·ganic constituent in our can mix. 

We use bark f1·om two sources that have a mixtu1·e of 
about 30 % oak, 30% maple, 20'7o che1·ry, some birch, no elm 01· 
walnut as these two woods a1·e not suitable for paper making. 
Both of the mills we get ba1·k from produce paper products and 
are ca1·eful to 1·emove the bark f1·om the log without any wood 
content. Most of this ba1·k is f1·om growth about 5-8'' in diam
ete1· and is usually sn1ooth, on the log, rathe1· than old shaggy 
mate1·ial. 
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One of the first problems becomes 1·educing the pa1·ticle 
size to the 85 % in the 0- ½1'' size needed. It is best to encour
age the mill to do this as the equipment can be expensive and 
have high power requirements. At the Tom Dodd Nurse1·y we 
did see an old silage hammer mill doing a very good .i ob of re
ducing pine bark so this might be a possibility. Once you have 
the particle size the next problem becomes satisfying the nitro
gen. 

N Treatment 
I would like to st1·ess at this point that there can be g1·eat 

diffe1·ences in bark from one source to another. The two 
sources we get bark from are only 150 miles apart and both 
use second growth native ha1·dwood. One source we have to 
treat with much mo1·e nitrogen than the other, one has a pH of 
8.35 and the other 4.6 with a ve1·y high potassium (2880 ppm) 
content. I would like to st1·ess that if you try ba1·k do it on a 
limited trial basis and with the help of either the university 
extension service or a labo1·ato1·y. The precise cont1·ol of ni
trogen will determine, most likely, how successful you will be. 

There are several ways that bark can have its nitrogen 
requirement fixed. The best way is that developed by Dr. Mat
kin of the one minute exposure, in a closed auger to a measur
ed quantity of anhydrous ammonia (NH .. ). Pine ba1·k for in
stance would require about 3-6# of anhyd1·ous ammonia and up
on emerging from auger would be ready for use. The total 
nitrogen content of the product will be 1.5 o/o based on dry 
weight. The treatment cost would be about 60c a yard for ni
trogen. The rate is about one yard a minute but the equipment 
might cost several thousand dollars. The resulting nitrogen is 
neither leachable or available to the plants until the bark 
b1·eaks down which is ve1·y slow. 

Anothe1· method of nitrifying the ba1·k is with bloodmeal. 
We have used this method in the past and although it is the 
most expensive form of nitrogen (anhydrous ammonia being 
about the cheapest) and it smells bad, it can be used at once as 
a medium. Rates of 10-20# pe1· cubic ya1·d would be a starting 
point. The other material we have used is urea although if you 
are growing azaleas you must be alert to the possibility of a 
biuret poisoning problem if you continue to use slow release 
fertilizers on your crop. All of this seems like a lot of t1·ouble 
to go to but take a close look at your peat cost compared to a 
cost of say $2-2.50 a yard delive1·ed for bark ( le a gallon using 
100% bark). 

Old Bark 
Old ba1·k often has a higher nit1·ogen requirement. Stick 

to f1·esh mate1·ial which will be more consistent and less trot1ble. 

Cation Exchange Capacity 
The nutrient retention, 01· binding powe1·, of a material is 

dependent upon a capacity commonly te1·med ''Cation Ex-
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change Capacity." 01·ganic amendments have a relatively low 
nutrient retention capacity compared to the typical loam soil. 
In comparison to sand though the organics have a fairly sub
stantial cation exchange capacity and thus will enhance nutri
tion retention in a mix. 

Root Rot 
The question will arise in you1· mind - will I need to 

sterlize the ba1·k? There is the distinct possibility that it will 
contain pathogens as the logs most likely contacted the soil in 
their jou1·ney to the mill. In the case of the use of urea to nit-
1·ify bark we stock-pile it for a week and have noted 125° tem
peratures in the stack. Pe1·haps- we could boost this to 140° 
which would kill the undesi1·able pathogens. Ln the case of the 
closed auger treatment surely the exposu1·e to an atmosphere of 
ammonia gas would do the job. 

Our Mix 
You might be interested in what mix we came up with at 

the Bosley Nurseries using ba1·k. The figu1·es are based on one 
yard: 

¾ ya1·d bark ( 0-1/8'') 
l/4 yard medium sand 
20# blood meal 
11/2# triple superphosphate 
20# dolomite lime (high magnesium) 
10# calcium carbonate 

1 # iron sulfate, fer1·is or ferric 

I gi\'e you these figu1·es with considerable reservation because 
you should dete1·mine by test and/or trial what level of addi
tives you need. 

Volume 
Let's look at the bark availability and see if it will still 

be a1·ound 10 yea1·s from now. There are two main sources 
that you can look to and they are paper and veneer mills. The 
Mobile, Washington and Clarke Counties surrounding where 
you are sitting have an estimated annual wood chip consump
tion of 411,630 cords. The use in this area is great enough 
that serious studies have been made regarding direct field to 
facto1·y transpo1·tation of wood chips by pipeline. Growth of 
new wood is greater than consumption. Air pollution promises 
to rule out burning the great volumes of bark in the future. 

One of the paper mills we get bark from produces 580 
cubic yards a day or almost 2/;1 of our annual consumption! 
They get a heat value of about 50c a yard, if they burn it. But 
they can only burn about 80 % a day leaving about 100 yards 
a day to be hauled away somewhe1·e ! A plant barking a 40' log 
2' in diameter will produce 240 tons of bark in an eight-hour 
day. A plywood plant producing 207,000 square feet of %'' 
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plywood per day may fill 10 boxca1·s with ba1·k at the same 
time. We feel that bark is widely available and will be for a 
long time. That it is a good growing medium when properly 
treated and it is worth your while to t1·y it. There is great 
concern as to what to do with all this bark in this country and 
Finland. Its ag1·iculture suitability seems a much sounder ap
proach which could mate1·ially reduce air pollution in cer·tain 
areas. 

MODERATOR REISCH: Ar·e there any t}Uestions for the 
panel? 

VOICE: I noted in Ken Reisch's p~tper that he stated that 
the rooting of cuttings in air was not comme1·cially feasible. 
However, I remember last year some excellent slides presented 
by Bruce Briggs showing the 1·ooting of cuttings in air which 
appeared. very inte1·esting to me. 

BRUCE BRIGGS: At this time I ag1·ee that the p1·actice is 
not sound commercially but I would not say that in the future 
the practice is not sound. The techniques have not been work
ed out to the point where you could have assembly line p1·0-
duction. When you attempt to root cuttings in air )'OU run into 
problems such as you would with any new medium. Some of the 
problems you can't even anticipate. We need to have resea1·ch 
on the type of equipment necessa1·y to keep the air moist around 
the base of the cuttings and we also need wo1·k on tempe1·atu1·e 
control. 

CASE HOOGENDOORN : I would like to ask Dick Bosley 
how long it is befo1·e the ba1·k breaks down and doesn't he run 
into a p1·oblem of nit1·ogen deficiency? 

DICK BOSLEY: We add nitrogen t<) the bark befo1·e it is 
used. The amount of nitrogen to be used to satisfy the b1·eak
down requirement has to be determinecl by trial. If this is 
prope1·ly determined, it will satisfy the needs caused by break
down and you can p1·oceed with a normal nutritional pr·ogram 
for the plant mate1·ial. The bark is ve1·y long lasting and this 
is one of its desirable cha1·acteristics. 

CASE HOOGENDOORN: Could you nc)t use old bark that has 
already decayed? 

DICK BOSLEY: Our experience has been if you use old 
bark from the bottom of large piles that it actually takes mo1·e 
nitrogen. Also, ther·e is a problem that there are mo1·e fines. 
It's best to stick with fresh bark and you have a more consist
ent product to wo1·k with. With the olcler bark you don't know 
exactly how old it is and it would be necessary to 1·un a test on 
each batch. 

VOICE: I would be inte1·ested in knowing the cost and the 
source of the bar·k that you use. 

DICK BOSLEY: The cost is betwee11 $2.00 and $2.50 pe1· 
cubic yard. I don't have the exact figures but probably 50c pe1· 
cubic ya1·d of that cost is fo1· the bark and the balance is for 
trucking. 

AUSTIN KENYON: With the mixture of 13/4 of a ya1·d of 
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bark per yard of mix and 20 pounds of blood meal how long 
must it be composted before it can be used? 

DICK BOSLEY: It can be used immediately. 
AUSTIN KENYON : Is the bark which is priced at $2.50 a 

yard ground when you receive it? 
DICK BOSLEY : Yes, it is g1·ound. 
HENRY WALKER: Do you have any problems in t1·ans

planting to permanent locations when using the bark medium'? 
Does the ba1·k tend to fall away from the plant after it is taken 
from the container and does the plant have any difficulty be
coming established in soil after having been grown in the bark 
medium? 

DICK BOSLEY: I1n 01·de1· to g1·ow in a container you must 
have a medium which provides the proper aeration and drain
age. These 1·equirements are not always totally compatible 
with the final field soil. There is a great need for public edu
cation on how to plant container-grown plant material. It has 
to be handled a little bit differently than balled and burlapped 
plant mate1·ial. We get good root distribution in the containe1· 
and so there is no problem at all of the medium falling apart. 
The problem lies in the interface between the container me
dium and the soil in the final location. With some soil types 
the water does not seem to go through this interface. 

E. STROOMBEEK: Do you have to check the pH of each lot 
of bark or does it seem to settle down after the nitrification 
process? 

DICK BOSLEY: Nitrification seems to raise the pH and 
fertilization tends to lowe1· it. We run a pH determination 
each time a fertility reading is taken. 

RALPH SHUGERT: Our final session this afternoon deals 
with new plant introduction. Al Fordham of the Arnold Ar
boretum is moderator. 

MODERATOR FORDHAM: Our first presentation is by Ed 
Mezitt who will describe rhododendron P. J. M. 

RHODODENDRON P. J.M. 
EDMUND V. MEZITT 

H oplci1ito1i, Massachusetts 

Rhododend1·on P. J. M. is a hyb1·id of Rhoclocle'1ld1·orl cla'U'l"l
C'U'//1, sempe1·vi1·e1·ls and Rhododend1·on ca1·olinianum made in 
1940. It is very florife1·ous blooming every single yea1· on every 
stem, and its winter foliage of rich mahogany tones is very 
attractive. 

Propagation is not enti1·ely without some difficulty. Being 
an early grower similar to Rhododendron muc1·onulatum but al
·so a woody type, it cannot be t1·eated as a softwood cutting 
du1·ing the summer but must be started before the buds develop 
too much in the fall. If top g1·owth starts before the roots, the 
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cutting cannot su1·vive. 'l'he1·efo1·e a cool g1·eenhouse with 
good bottom heat is a desi1·able situation. 

We use sand and peat mixture as a medium, hormodin 
powder 3, or the last few years hormodine powder C, 
on cuttings sta1·ted around Octobe1· 1st j'o1· best results. Inte1·
mittant mist is necessa1·y although the polyethylene te11t has 
wo1·ked, if kept shaded so heat will not bL1ild up. 

One big advantage of this plant is the ease in g1·owing, 
once 1·ooted, and the fact that with some pruning during the 
first two yea1·s so that a solid base is fo1·med, eve1·y plant is 
like a pea in a pod, heavily budded, and extremely att1·active 
fo1· ma1·ket in leaf 01· flowe1·. 

MODERATOR FORDHAM: Our seconcl p1·esentation will be 
by Peter Vermeulen who will describe Pie1·is Japor1ica 'White 
Cascade'. 

PIERIS JAPONICA 'WHITE CASCADE' 

This cultiva1· of the Japanese Andromeda, originated as a 
seedling in the nu1·series of John Vermeulen & Son, Inc., N es
hanic Station, New Jersey, in 1953 and sold later as a young 
plant to Raymond P. Korbobo, 13 Oak ])rive, Middlesex, New 
Jersey. M1·. Korbobo and Dr. Ben Blackburn recognized to
gether its distinct character. In the wo1·ds of Mr. Korbobo, it 
has ''Pe1·fectly clea1· white flowers; full flower clusters; fully 
clothed with foliage all around; flowers s'cay clea1· white for five 
weeks; produces heavy flower set each year." It was named 
White Cascade' in cooperation with Peter Ve1"meulen and is 
being propagated extensively by John Vermeulen & Son, Inc., 
Neshanic Station, New Je1·sey. Plants ,vill be offered for the 
first time this yea1· in thei1· wholesale catalog No. 94 for Win
ter-Spring 1968. 

MODERATOR FORDHAM: Ou1· third p1·esentation is by Laddie 
Mitiska who will describe Euo1·iymus (E. sachaline·risi:,;) 

EUONYMUS (E. sachalinensis) 

A deciduous fo1·m simila1· in growth to Euony·1nit:,; eu1·vJJC'll8, 
except mo1·e g1·aceful in branching habit. Twigs are smooth 
and clean-looking; te1·minal buds are 31,1," long and covered 
with maroon colo1·ed scales. Leaves are smooth and 21/2 to 31/2 
inches long. Flowers a1·e g1·eenish-white and rathe1· inconspic
uous. Red f1·uits, which a1·e five-angled, are bo1·ne in small 
cluste1·s on long hanging stems. As the fruits open. the 
bright 01·ange seeds a1·e suspended on a delicate filament before 
dropping. 

This species is most inte1·esting when the bright green 
foliage emerges from between the maroon scales of the buds ; 
du1·ing the display of the 1·ed hanging frt1its climaxed with the 
dropping of the orange seeds, and finally with the plum-colored 
foliage before leaf drop. 
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Rate of growth after the first few years shortens consid
erably. Our original specimen, now 25 years old, is eight feet 
tall and wide and very symmetrically shaped. Annual average 
growth has shortened to less than two inches. Truly, this lit
tle known species of Euonymus is a gem that deserves more 
use in modern gardens. 

Propagation is easily accomplished by seeding. Seeds are 
fall sown as soon as ripe and covered with a light mulch. Pro
tect f1·om roden'cs. Seed need not be cleaned. Germination 
will take place very early the following spring. In fact, we can 
collect hund1·eds of vol11ntee1· seedlings each year f1·om beneath 
ou1· one la1·ge specimen. 

Propagating stock in t:he fo1·m of two-yea1· seedlings is 
available from ou1· nursery. 

MODERATOR FORDHAM: 0111· next p1·ese11tation will be by 
Bruce Briggs who will desc1·ibe a new fo1·m of Cha1naecyparis 
La1vsoniana. The Chamaecypa1·is lawsoniana ''Golden Show
e1·s'' is a golden form of lawson cyp1·ess that was selected in the 
nurse1·y here. It is more dwa1·f than Weste1·mannii, flat top 
,vhen yot1ng and mode1·atelJ' py1·an1idal ,vhen matu1·e, b1·anch
lets drooping. The sp1·ays c1·eam to light yellow, colo1· not af
fected bJ' hot s11n. Roots well f1·om cuttings. 

MODERATOR FORDHAM: Ha1·1·ison Flint will p1·esent the 
next two plants Abies ko1·eana p1·ost1·ata and S01·bils al11.ifolia. 

Abies lcorea1ia p1·ostrata (Prostrate Korean Fir). Probably 
the same Abies koreana 'P1·ostrate Beauty' ( den Ouden, 1965). 
Presently available in only a small numbe1· of nurseries in the 
U. S., but worthy of wider int1·oduc'cion. This variety is a 
wide-spreading form, not normally exceeding 4 or 5 feet i11 
height, but it grows more vigorously than the tree form of 
Abies Jco1·eana, and in time will send up an occasional leade1·, 
which must be pruned out to maintain the spreading form. 

Propagation: Softwood cutti11gs taken i11 early to middle 
June in New England and placed in a peat-pe1·lite medit1m un
der mist have rooted in good numbers ( 50 to 60 % ) in two to 
three months. Effective concentrations of 1·ooting substances 
have included 0.3% and 0.8 o/,J IBA in talc but combinations of 
IBA and NAA should be tr·ied, and may prove superior to IBA 
alone. 

Sorbus alnifolia (Korean Mountain-ash). This tree has been 
available in only a few nurseries, but in the last few years the 
A1·nold A1·boretum has supplied seeds to seve1·al wholesale 
nu1·series. This should result in its becoming more widely 
available soon. This tree differs from most mountain-ashes 
in its tiltimate size ( 60 feet in height) and in that it is a rela
tively hardwooded species, not susceptible to borer attack in the 
Arnold .l\.rboretum. Lt has bright yellow-orange fall foliage in 
0111· area and its f1·t1its pe1·sist fo1· some 1,ime afte1· the foliage 



is gone. Its trunk structure and silvery-gray color make it 
interesting during winter as well. 

P1·opagatio1i: Seeds of S. al1iifoli".a have demonstrated 
double-dormancy, requiring both warm ~tnd cold stratification. 
This can be accomplished by sowing in outdoor seedbeds 01· by 
stratification in moist peat in the greenhouse for 5 to 6 months, 
followed by 3 months at 40°F. The exact timing has not yet 
been worked out. 

MODERATOR FORDHAM: The next group of pla11ts will be 
presented by Albert Johnson from the D1~partment of Horticul
tural Science, University of Minnesota. 
Viburnu1n Sa1·genti: Large flowers and f1·uit. 
Coron,illa Va1·ia: A golden form increased by divisio11 01· 

cuttings. 
Malus 11 AB: A rosey-bloon1 increased by grafti11g 01· bud

ding. Will be named and int1·oduced. 
Pi1ius Ba11,lcsiana: Weeping form propagated by grafting. 
Pi'Yl,Us Ba1iksiana: Dwarf plants grown from seeds prodt1ced 

by witches' brooms. 
Azalea Hyb1"ids: Mollis azaleas crossecl with Rhododend1·011, 

1·oseum and R. nudiflo1·a. 
Gym1iocladus D'ioecus: A globe form propagated by grafti11g. 
Ul1nu.c:; A11ie1·icana: A fine semi-weeping type propagated b}' 

grafti11g. 

MODERATOR FORDHAM : Next will be Joe McDaniel from 
the Unive1·sity of Illinois. 

The three trees I am showing and recommending are al
ready in commercial propagation at Midwestern nurseries. The 
first two are cultivar forms that I selected at the University of 
Illinois. The third is a native coniferous species in the Eastern 
Gulf and Southern Atlantic Coast regionR, in which Rome clonal 
propagation is also started in Illinois. 

Dio.c;py1·0s virginia1ia 'John Rick' 
Up in Zones 5 and &1 the Oriental Diospyro.s Kaki can't 

take our coldest winters. Fortunately, for those who like good 
persimmons, for eating or .iust to look at, a few nurserymen 
and native fruit hobbyists over the past 80 years have made 
some very worthwhile cultivar selectio11s in the American 
persimmon, D. virginia1ia. The oldest still propagated is 'Early 
Golden', selected from the wild by E. A. Riehl at Alton, Ill., be
fore 1890. It occasionally bears male flowers on some shoots, 
and when this happens it can be self-pollinated. The seedlings 
of 'Early Golden' are more likely t,han most to have good, early
maturing fruits on the approximately half of its seedlings 
which come female. Two cultivars that, are apparently its 
seedlings are 'Garretson' and 'Killen'. 'Killen', also bearing 
occasional male flowers is the seed parent, of the recently nam
ed 'John Rick'. It is an open-polinated seedling, bt1t the othe1· 
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parent is probably the male cultivar 'William', selected by me 
at the Illinois Agricultural Experiment Station. 'John Rick', 
named for a late fruit and nut experimenter at Reading, Pa .. 
has large1· f1·uit.s than other persimmons in the 'Early Golden' 
line, appea1·s equally hardy to Zone 5 when budded or grafted 
on seedlings of comparably no1·thern source. When planted 
outside of native persimmon areas ( it will need as pollenizer a 
male of the hexaploid (90 chromosome) race,, the prevalent 
race north of the Ohio River. Fruit shape, as well as size 
and beauty, the 'John Rick' probably in a class by 
itself, as a commercially promising American persimmon. 
The calyx is a prominent part of most American persimmon 
fruits. In 'John Rick', the calyces are relatively small, flexible, 
and set deeply into the cavity at the end of the fruit, thus are 
less likely to puncture adjacent fruits in a container. Tree and 
scion sources of 'John Rick' (and pollenizers) include: I,ouis 
Gerardi Nursery, O'Fallon, Illinois, Talbott Nut Nt11·sery, R.R. 
3, Linton, Indiana, and Valley View Nu1·sery, 7 48 Sot1th Queen 
St., York, Pennsylvania. 

Fraxin.us excelsio1· 'Northland' • 
This appears to be both one of the hardiest and one of 

the most vigorous and insect-1·esistant Ash cultivars unde1· 
Zone 5 conditions i11 the Midwest, whe1·e some previous intro
ductions in this European species (unde1· its proper name 01· 
aliases) have been virtual failures. lit was selected under 
prairie conditions, from seedlings of a mature tree growing in 
cent1·al Michigan, and has until now shown no winter in_jury 
between Urbana, Illinois, St. Louis, Mo.. and Shenandoah, 
Iowa. The source of the seed parent is unknown, but it grew 
to maturity in the home landscape planting of W. K. Kellogg 
(the original), now part of the Michigan State Uni,,ersity Bio
logical Station on Gull Lake near Hickory Corners, northeast 
of Battle Creek. 'Northland' originated at Urbana, Illinois, 
from seed collected on one of two similar trees in the Kellogg 
estate. When it was two years old, and the most vigorous of 
some 50 seedlings from that source, it was first budded on 
Green Ash stocks in the Louis Gerardi Nursery, O'Fallon, Illi
nois. One year later, the budlings had made straight, stout 
whips taller than the unbudded green ash seedlings ad,jacent 
to them. Further commercial propagation tests have been 
made at the Earl Cully Nursery,, R. R. 5, Jacksonville, Illinois, 
and at the Mount Arbor Nurseries, Shenandoah, Iowa. Cully 
currently has the largest number of 'Northland' ash trees, and 
can supply budwood. It has shown no incompatibility on green 
ash understocks. Gerardi, who has had most experience in 
transplanting this culti_var, 1·eports no borer damage to date, 
and 100 7,Jtransplant survival in landscaping. 

'Northland' has dark green leaves, held until ha1·d frost, 
with the typical odd-pinnate arrangement of the species (uRu
ally 9 to 13 leaflets, with an occasional basal leaflet re-divided). 
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No f1·uit has yet been seen on this you11g clone, but it belongs 
to a monoecious species, so can be expected to make some seeds 
when mature. Growth of young trees is vigorot1s, narrow
columnar, with prima1·y branching mainly at less than a 45° 
angle with the straight t1·unk. 

One other cultivar of F. excelsior reliably hardy in the 
Morton Arboretum is Hesse's Ash. In contrast to 'Northland', 
F. excelsio1· H essei has leaves 1·educed to as few as one leaflet, 
and its tree form is globose. 

Pond Baldcypress, Taxodiuni ascendens. 
Some botanists in the U. S. Forest Service call this mere

ly a variety, and term it T. distichum var. nutans. The mature 
trees are distinct, and occur usually in different habitats, so I 
follow the usage of those who regard Pond Baldcypress as a 
separate species. It can be seen wild in Jlarts of Mobile County, 
Ala., and elsewhere in coastal areas of South Carolina to Flo1·
ida and Mississippi. It is particularly prevalent in the beauti
ful cypress ponds near Tampa, Florida. Like the better known, 
and more northward and westward ranging common baldcypress 
(T. distichum) it is hardy very much north of its native limits 
and grows well in non-swampy sites v,rhen transplanted. In 
cultivation from Pennsylvania to Illinois, at least, it seems to be 
equally hardy, though somewhat smaller in ultimate bulk, when 
compared with the better known species. With its shorte1· 
needles appressed closely to the twigs, it gives a different ap
pearance from T. distichum, once past the first .iuvenile years, 
and normally casts less shade. On its own roots, it seldom if 
ever develops the ''knees'' that T. disticlium shows in wet or 
flooded sites. From a decorative standpoint it has still an
other distinction. Ilts foliage stays fully green until frost, while 
many trees of T. distichum regularly show a brownish discolor
ation by August. 

The Earl Cully Nursery is propagating a number of Ta,xo
dium clones by grafting, including a T. ascendens clone whose 
original tree is the more attractive of two old specimens in the 
Morris Arboretum. It grafts with no difficulty on T. distichum 
seedlings. I have tried one lot of cuttings of that clone with 
no success, though I did get some rooting from both 2-year and 
100-year-old clones in T. distichum. Grafting appears the 
most practical method for cultiva1· propagation of T. di.c;tichum 
as well as T. ascencle1is. "\Vhile Cully field-grafts with dormant 
scions in the spring, it is also feasible to g1·aft in late summe1· 
with well-matured scions. 

376 



FRIDAY EVENING SESSION 

December I, 1967 

THE PLANT PROPAGATORS' QUESTION BOX 
DAVE DUGAN - Moderato1· 

MODERATOR DUGAN: How can Turkish filbert be propa
gated other than by seeding? 

BILL FLEMER: It can be grafted on Co1·ylus avellana un
derstock. The unde1·stock will sucker some but the grafted 
plant grows perfectly well. 

MODERATOR DUGAN: Is there such a thing as Japanese oak 
and where can it be purchased? 

JOE McDANIEL: 'fhere a1·e two 01· three of them. They 
g1·ow as eve1·greens. They look like a holly tree at a distance 
without the be1·1·ies. Thev are available in a few n11rse1·ies in • 
the Southeast. I noticed Tom Dodd had a couple of trees in his 
back yard but I did not notice any aco1·ns. 

MODERATOR DUGAN: What is the p1·oper way to plant a 
peat pot? 

PETE VERMEULEN : As we mentioned the othe1· day, make 
sure the peat pot is soaking wet when you plant it. Then either 
take the rim off the top of the peat pot or else plant it deep 
eno11gh so that the rim is below the soil level. If there are 
roo'cs coming through the pot, there is nothing else to do but 
if they have not broken through the peat pot as yet, _just crack 
the bottom of the pot a little bit to help the roots go through. If 
anyone wants more detailed information, the Jiffy Pot Corpor
ation of America has put out a brochur·e which contains a num
ber of helpful hints on the use of peat pots. The address is 
West Chicago, Illinois. 

GERALD VERKADE: I find with fine-1·ooted plant materials 
such as 1·hododendrons and azaleas, that after the plants have 
been in the field for two 01· th1·ee yea1·s and are then dug up that 
you still find the original peat pot. How do you get rid of the 
peat pot then? 

MODERATOR DUGAN: Dig a larger ball! What concentration 
of kinitin and gibbe1·ellin is used fo1· b1·eaking dormancy of 
azalea buds? 

ED HUME: I am sor1·y that I do not have the concentra
tion of kinitin. 

ROBERT FARMER: A 1 % concentration of gibberellic acid 
will break the do1·mancy of most anything. l have not had ex
perience with azaleas but this would be at least a concentration 
to try. 

MODERATOR DUGAN: When storing crab apple grafts, at 
what temperatu1·e do you keep them and how moist? 

BEN DAVIS: We pack them in wi1·e bound cr·ates in damp 
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shingle toe. The crates a1·e lined with waterproof craft paper. 
The tempe1·atu1·e of the storage is 50°. 

VINCE BAILEY: We store crab apples in two ways. We 
store them first for a couple of weeks at 50° and then we 
transfe1· them to the 36° room until pla11ting time. Some of 
the grafts are placed directly in the 36° sto1·age and I am not 
sure that there is too much diffe1·ence between the two treat
ments. 

MODERATOR DUGAN: You store them at the warmer tem
perature to allow the callus to form and then you put them in 
the lower temperature area. 

VINCE BAILEY: Yes, that is correct. 
JIM KYLE: We store our grafts in vermiculite. We use a 

gallon and a half of water to a six cubic foot bag of vermiculite. 
We have had excellent success using the vermiculite. We also 
tried storing them warm to allow callus fo1·mation and then 
put them in the lower temperature storage but we have had 
.iust as good success by placing them directly into 38° storage. 

BILL CURTIS: We only have a few thousand apple grafts 
so that we .iust store them upright in wooden boxes and cove1· 
them with moist sawdust and store them out-of-doo1·s unde1· fi1· 
trees. 

MODERATOR DUGAN : Has anyone had a proven method 
for germinating domestic peach seed? I would say that the 
person asking this question should check the experiment sta
tion at Geneva, New York. 

JOHN ROLLER: We have very good success by fall plant
ing the peach seeds. 

BEN DAVIS: We have a p1·ocedure that we have used ever 
since my grandfather was in the nursery business. We soak 
the peach seeds for seventy-two hours to be sure that they have 
plenty of moisture in them in case there are no fall rains. Dur
ing this soaking process the empty seeds float off. After the 
floaters have been removed we take a hundred or so seeds out 
and crack them with a hammer to see how many are good or 
viable. Based on this information \Ve determine how thick 
the seeds will be planted in the field. We plant the seeds in the 
fall and put a ridge of soil over top of them. In the spring 
when we see the roots starting develop we knock the ridge off 
with a rotary hoe which gets rid of the first crop of weeds and 
allows the seedling to germinate. 

MODERATOR DUGAN: You can send your peach seeds to 
Geneva, New York, at the Cornell Expe1·iment Station and they 
will test the peach seeds for you. 

JOHN ROLLER: I have found that one good way to keep 
peach seeds rather than try to store them dry 01· anything like 
that is to just spread them out on top of the ground and then 
fall plant them. 

MODERATOR DUGAN: Sid, did you compare the growth af
te1· propagation of the cuttings 1·ooted unde,· florescent lights 
with the cuttings rooted in the greenhot1se? 
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SID WAXMAN: Yes, we did make that comparison using 
the chrysanthemum. There was no difference in the growth 
of the plants between those p1·opagated in the greenhouse and 
those propagated under the fluorescent lights setup. 

MODERATOR DUGAN: Would you tell us how many flt1ores
cent lights you used and what was the wattage? 

SID WAXMAN: On a four-foot bench we used two tubes, 
75 watts. That would be two eight-foot tubes at 75 watts, 01· 

two four-foot tubes at 40 watts each. 
MODERATOR DUGAN: In the past we have associated good 

rooting under mist with higher light intensities. In Dr. Wax
man's paper he obtained good rooting with lower light inte11-
sities. Should ,ve conclude that we should be using shade with 
ou1· misting systems? 

SID WAXMAN: The purpose of the fluorescent light treat
ments was not to cut do,vn light but to provide additional 
p1·opagating space. 

CHARLEY HESS: I think an impo1·tant facto1· here is that 
you have to start with a cutting that has a reasonable amotlnt 
of food reserves, pa1·ticularly when going into a low-light in
tensity situation. You may recall when we used the grafting 
case for p1·opagation, before mist was introduced, the light in
tensity was as low as 240 foot candles. This was necessary be
cause in 01·der to redt1ce the heat in the grafting case it was es
sential to shade. But unde1· those conditions we could not use a 
real soft cutting because it did not have the reserves and it 
would break down or rot before rooting could occur. When mist 
was developed it was possible to use very soft cuttings and the 
light intensity that was posE",ible with the mist permitted 
photosynthesis and the actual accumulation of carbohydrates 
during the rooting period. I-Ierein, I believe, lies the answer to 
the apparent inconsistency. If you have a cutting which has 
some substance to it, you can use a low intensity light situa
tion for propagation but you cannot use an extremely soft cut
ting, particularly one that is slow to root under these low-light 
conditions. 

MODERATOR DUGAN: Dick Vanderbilt's paper stimtllated 
a lot of questions this morning. Dick, vvhat pH do you s.t1ggest 
for the rhododendrons? 

DICK VANDERBILT: I would prefer not to have the pH 
lower than 5.5. Because of the Phytoph,tliora problem I prefe1· 
not to go much higher than 5.5 either. If it were not for P/1,y
tophthora, I would go as high as 6. 

JIM WELLS: I agree with Dick's suggestions under the 
conditions in which he grows; that is, in a container. Btlt when 
you are growing in the field and you do not have precise con
trol over your conditions.. in particula1· drainage, then I believe 
it is desirable to go to a much lower pH. I believe Dick White's 
paper stated that in the laboratory the growth of the PhytoJ)h
thora was inhibited by pH's of 4.25 or below. Above 4.25 the 
organism could develop. Now that was under laborator)' con-
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ditions and it has been my experience under field conditions 
that the lower the pH, the less the problem is with Phytoph
thor·a. I do not believe that we can pin point a pH that is right 
for all conditions. 

MODERATOR DUGAN: What does Phytophthora do to the 
rhododendron? 

DICK VANDERBILT: The plant looks as though it does not 
have enough water. An easy way to separate Phytophthora 
from other diseases such as Rhizocto1iia, is to take a knife and 
cut into the stem going down below ground level and if yot1 
see any brown streaking in the cambium; you have Phytoph
tho1·a. Phytoplithora gives a reddish-brown or cinnamon color, 
whereas Rhizoctonia does not. 

MODERATOR DUGAN: Do you find the 1·hododenrons grown 
in the wooden baskets a1·e easier to overwinter than i11 metal 
containe1·s? 

DICK VANDERBILT: By sto1·ing ou1· 1·hododend1·ons in the 
poly houses, as I described last yea1·, we have had no difficulty 
in overwintering eithe1· in the baske'fs or in the metal cans. We 
see no diffe1·ence. 

MODERATOR DUGAN: People in the Midwest are 1·efusing 
to accept 1·hododendrons and azaleas which are balled and bu1·
lapped with burlap treated with copper naphthenate. Are you 
possibly running into a problem using the bushel baskets treat
ed with copper naphthenate? 

JIM WELLS: I do not believe that the coppe1· naphthenate 
is detrimental to rhododend1·ons. I have planted young seed
lings in flats that we1·e f1·eshly dipped in copper naphthenate 
and had no problem whatsoever. This is not the way to do it 
but we were in need of flats. 

PETE VERMEULEN: I used to be of the same opinion but 
this past winter we had an experience which has changed ou1· 
minds. We dipped flats in copper naphthenate and filled them 
with medium and stacked one on top of the other. When the 
azalea seed was planted and germinated there were two strips 
down the length of each flat in which the seedlings did not 
germinate. The only thing that we could account for the lack 
of germination in these areas was the strips which were on the 
bottoms of the flats and were in contact with the top of the 
medium when the flats were stacked. 

CARL GULLO: I would recommend that anyone who uses 
flats treated with copper naphthenate treat them about a week 
or two before you plan to use them. 

MODERATOR DUGAN: Pete, what solvent did you use for 
your copper naphthenate? 

PETE VERMEULEN: We used Stoddard's solvent. 
MODERATOR DUGAN: I .iust wanted to point out that there 

a1·e some people who try to save about 10c gallon and use gas
oline rather than Stoddard's solvent 01· dry cleani11g fluid which 
is actually what Stoddard's solvent is. The gasoline is very toxic 
to the plant materials and should not be used. 
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SID WAXMAN: We have 1·un some tests with burlap 
treated with copper napthenate to dete1·mine if there was any 
injury. What we did was to soak the burlap in a good concen
tration of coppe1· naphtehenate and cut it into small squares 
and place it in pots with ch1·ysanthemum cuttings. The1·e was 
absolutely no in.1u1·y to the 1·oots of the ch1·ysanthemum cuttings. 

BILL CURIS: We pu1·chase used sacks and treat them with 
copper naphthenate. We have found that if you use close mesh 
sacks that you 1·un into some problems. As long as you use an 
open mesh sack then the1·e is no t1·ouble when they a1·e treated 
with coppe1· naphthenate. Appa1·ently the 1·oots just cannot 
get th1·ough on the close mesh sacks. 

MODERATOR DUGAN: There is a question on how you han
dle you1· newly rooted rhododendron cuttings and at what time 
do you begin fe1·tilization? 

DICK VANDERBILT: F1·om the 1·ooting bench the cuttings 
are potted in quart containers and are fed immediately with a 
weak solution of 20-20-20. The concent1·ation is 4 oz. to 100 
gallons. They are not fed again fo1· perhaps a month depending 
upon the soil tests. If the nit1·ogen level is above 10, we will 
not feed but wait until it drops to around 7. At this point 
there is no lime or superphosphate added to the medium which 
is one half peat moss and one half perlite. We water in Dieldrin 
to control the Taxus weevil at t:his time and also add chelated 
iron. The Dieldrin is applied at the rate of 4 lbs actual per 
acre and the chelated iron is applie,:1 at the rate of 2 oz. per 100 
square feet. 

MODERATOR DUGAN: This question is addressed to Fred 
Lanphear. Do you wate1· in newly planted beds before yot1 ap
ply Simazine and Diphenamid 01· after the application? 

FRED LANPHEAR: We have done it both ways. If there 
is a choice, it is bette1· to water the plants in first, which will 
provide a type of seal and p1·event the herbicide from gettting 
down into the 1·oot a1·ea. 

MODERATOR DUGAN: When incluc1ing a he1·bicide in a mulch 
what amounts do you use? 

FRED LANPHEAR: The herbicide that we use in combina
tion with a mulch is Caso1·on. If you use the 4 % granula1· form, 
you would mix 61/4 g1·ams pe1· cubic foot of the mulch if you 
were applying the mulch 2'' dee1). 

JIM WELLS: \Vouldn't you have rno1·e effect if you applied 
the Caso1·on to the soil and then applied the mulch on top. 

FRED LANPHEAR : We we1·e getting complete weed control 
by mixi11g the he1·bicide into the mulch. An impo1·tant reason 
for putting the herbicide in the mulch is to obtain an easie1· 
wa.}' of applying the he1·bicide uniformly. By controlling the 
depth of the mulch, you also control the amount of herbicide 
that is applied. This is pa1·ticularly useful in landscape situa
tions where you have i1·1·egular a1·eas and it is difficult to calcu
late the amount of he1·bicide that should be applied when it is 
used as a spray or as g1·anular material. 
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VOICE: What was the mulch that you used'! 
FRED LANPHEAR: We have worked with peat moss, with 

shredded bark, crushed corn cobs and composted sawdust. All 
wo1·ked equally well as fa1· as the herbicide combination is con
cerned. 

CHARLEY HESS: F1·ed, if you apply the herbicide to the 
ground and then apply the mulch on top1 would you not run in
to problems with weed seeds blowing in on top of the mttlch 
and getting established? 

FRED LANPHEAR: This is a good point and is pa1·ticularly 
true when you a1·e wo1·king with a mulch that might not be 
weed free. 

MODERATOR DUGAN: Harold Pellett 1·epo1·ts that once he 
used one pound Simazine with fou1· pounds Diphenamid that 
he had in_jury on Forsythia, pu1·ple leaf winter creeper, and 
Spiraea Varihouttei. This work was conducted in Neb1·aska on 
a clay loam soil during a yea1· with a higher than normal rain
fall. Do you have any comments on this? 

FRED LANPHEAR: I would recommend that the he1·bicide 
combination be tried on a small scale to determine how it func
tions in your particular location. Also, as :E mentioned this 
morning, it is possible to treat the plants with activated char
coal before planting. Weather conditions will dramatically 
effect the response of a herbicide. In working with the com
binations of herbicides we are trying to build in a degree of 
weather proofing so that results will be more consistent even 
with differences in weather conditions. 

MODERATOR DUGAN: Have you tried the combination of 
herbicides on Pachysancl1·a and Virica? 

FRED LANPHEAR: Yes, we have. 
MODERATOR DUGAN: Does anyone have a control for bind 

weed? 
PETE VERMEULEN: We had a bind weed problem in spruce 

and hemlock and spra.)'ed with 2,4-D and had good control. 
This was quite a number of years ago and I don't remember 
the rate. 

HARLAN HAMERNICK: In Neb1·aska I have used Banvel D 
which is not volatile as the 2,4-D and it did a tremendous job. 
It is slower acting than 2,4-D but it does an excellent job of 
killing bind weed. 

VOICE: I understand that Banvel D is dange1·ous to use 
around trees and may give t1·oubles as late as five years after 
application. 

MODERATOR DUGAN: Yes, I think in the East where we 
have a little more rainfall that it is best not to apply Banvel D 
in the drip line or closer to shade trees. 

LEN STOLZ: I would also wa1·n you to be cautious abottt the 
use of Banvel D. It has been used on home lawns and has 
caused malformations on 01·namentals and trees with rates as 
low as l/4 pound active material per acre. 

JOERG LEISS: I read a pape1· this summer that someone 

38'.Z 



has used 'l'o1·don for bind weed co11t1·ol and had ve1·y excellent 
1·esults. This was applied to open fields and not among nursery 
stock. 

JOHN KNAPP: We have used an Amchem p1·oduct called 
W eedone and it has given excellent bind weed cont1·ol even 
among the chrysanthemum plants in the yard when we sprayed 
very carefully. 

MODERATOR DUGAN: The1·e is also a p1·oduct callet1 Lith
ate which is a lithium salt of 2,4-D. It makes 2,4-D nonvolatile 
so yot1 have no p1·oblems f1·om the fumes. As long as you spray 
carefully and do not get droplets on the desi1·able plants you 
\Vil] not have any problem. 

ED AMBO: No one has said anything about Dacthal. I 
wonde1· if someone has had some experience with it? 

HUGH STEAVENON: We like Dacthal because it is so safe 
on many plant materials which might othe1·wise be injured by 
he1·bicides. 

MODERATOR DUGAN: Does anyone have Bot1·ytis problems 
in the polyethylene covered houses? 

ARIE RADDER: We had a little problem and we went to the 
Connecticut Experiment Station and they recommended that 
we use Bot1·an; it was ve1·y satisfacto1·y. 

ANDY ADAMS: We have found He1·mil 01· Daconil to be 
ve1·y effective. 

DICK VANDERBILT: Daconil can only be used at wa1·m 
tempe1·atu1·es. At the lowe1· tempcratu1·es we have found it to 
be completely ineffective. The only place that "'e see Bot1·ytis 
is on dead leaves or flowers, prima1·ily in the miniature 1·oses. 
I have neve1· seen it on the general 1·un of container stock. 

MODERATOR DUGAN: What is used to control Phomopsis 
or .iuniper blight and when is it applied? 

RALPH SHUGERT: We use Pu1·atized Ag1·icultural Spray. 
We start applying it on ou1· .iuniper seed beds .iust as soon as 
the new growth on the tip of the seedling starts to develop and 
then we spray weekly th1·oughcut the season until the temper
ature gets down to about 24° 01· 25°. We use the Pu1·atized 
Agricultu1·al Spray at the 1·ate of one quart per hund1·ed gallons 
of wate1·. 

MODERATOR DUGAN: I would like to ask Harrison Flint if 
hardening can be accelerated by varying nutrient levels such 
as using higher levels of potassium? 

HARRISON F'LINT: There has been some research conducted 
with agronomic crops in which greater hardiness has been ob-
1cained by using high levels of potassium. Whether the rate of 
hardiness was speeded up or not, I am not certain. 

CLARENCE BARBRE: I had seen an experiment 1n Florida 
where high levels of potassium we1·e used on Camellia alba 
plena. There we1·e two blocks that we1·e treated with potassi
um and one block in between which was not. I was the1·e in the 
spring and the two blocks which were treated had no losses 
and the block that was not treated contained a 25 % loss of 
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plants. 'l'hey used 20 lbs. of potassium sulfate per 1000 sl1uar·e 
feet. 

MODERATOR DUGAN: Does the humidity in a polyethylene 
winte1· storage house have any effect upon the hardiness of the 
root systems? 

HARRISON F'LINT: I don't know whether it has a direct ef
fect but it may indirectly effect ha1·diness. By having a higher 
humidity the wate1· or moisture content of the soil in which the 
plants a1·e growing will probably also be highe1·. If the mois
ture level is higher, the1·e is a greater amount of specific heat 
available and the1·efore it would take a lower temperatL1re to 
achieve freezing than if the containe1·s we1·e dry. In this way 
by keeping the soil moist. highe1· humidities may indi1·ectly 
1·educe inJ ury to the 1·oot systems. 

MODERATOR DUGAN: Has anyone had any experience in 
overwinte1·ing Japanese maple cuttings outside? 

JIM WELLS : I think two things effect the successful over
wintering of Japanese maple cu'ctings. The first is 1·ooting 
them early and getting them to make some new top g1·owth. In 
addition we plunge them in a frame cove1·ing the pots with 
some mulching material and we do not allow them to f1·eeze. 

MODERATOR DUGAN: Has anyone a successful technique 
for the rooting of Kalmia latifolia? 

BILL CURTIS: I have a neighbor who makes cuttings in 
March. He puts them in sand and peat medium with bottom 
heat and no hormone treatment. He gets about 75 o/o to 80 o/o 
rooting year after year. 

MODERATOR DUGAN : How do you propagate Eucalyptus 
vegetatively? 

BOB TICKNOR: I ha,,e taken about 40 cuttings. One of the 
cuttings rooted and then it died. The people from Australia 
say to use the shoots from the base of the tree and they will 
root. However, they do not tend to grow upright and rather 
grow almost as a ground cover. Personally I think that seed 
propagation is the best answe1·. 

AL FORDHAM: I would like to comme11t 011 the question of 
rooting Kalmia latifolia. We have good success 1·ooting Kalmia 
using a combination of IBA and N AA at the rate of 1000 parts 
per million of each. We propagate the cuttings under poly
ethylene tents in the fall. 

MODERATOR DUGAN: I-las anyone had experience rooting 
Mugo Pine? 

BOB TICKNOR: We make our cuttings in December and 
use Jiffy-Gro diluted one part Jiffy-Gro to nine parts water. 
The cuttings a1·e made in the middle of December and placed 
in a polyethylene house and we use bottom heat. We get about 
80 % rooting. 

CASE HOOGENDOORN: A1·e these cuttings fr·om one plant 
or are they from a whole g1·oup of plants? 

BOB TICKNOR: In my work I am using a single clone. I 
have a friend who is following John McGuire's recommenda-
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tions and propagating the Mugo Pine during the summer. He 
has propagated 15 or 20 clones and finds that some root easily 
and others do not root at all. Al Roberts is the one who is do
ing this work. 

MODERATOR DUGAN: This is a c1uestion directed to Charley 
Hess. What do you consider the most potentially successful ap
p1·oach to propagating 80- to 100-year-old Black Walnut by cut
tings? 

CHARLEY HESS: The1·e are a number of techniques that 
could be t1·ied. One would be to graft them on young seedlings 
and try to get a degree of rejuvenation. Another technique 
would be to force g1·owth of branches in darkness to obtain 
etiolated shoots. The etiolated shoots can be placed under mist 
and with a moderate shading can be allowed to re-g1·een. Un
de1· these conditions the top will become green but the base in 
the medium will stay etiolated and have a greater capacity to 
initiate roots. In each case the goal is to try to 1·e.iuvenate the 
tissues and then you could use the newly rooted plants, the few 
that you obtain by these techniques, as a source of future cut
tings. In cases where the matu1·e trees have been cut down a 
source of juvenile tissue can be obtained from the stump 
sprouts. The stump sprouts often have many characteristics 
of a young seedling. 

MODERATOR DUGAN: There is a question for M1·. Hume 
on the int1·oduction of hormones by changing atmospheric 
pressure. 

EDWARD HUME: This was the subject which I had intend
ed to talk about. We introduced dilute ho1·mone solutions into 
the cuttings by reducing the atmospheric pressure or by creat
ing a vacuum. We found that it was necessary to decrease the 
atmospheric p1·essure and then raise it again at the end of the 
treatment slowly or else there was injury. Also, we could not 
use a complete vacuum because this would also injure he cut
tings. About one half the normal atmospheric pressure was 
satisfactory. We used a 11umber of plants in our experiments 
including pfitzers and boxwood. One interesting thing that we 
observed was that we had in the case of boxwood more stimula
tion of rooting when we introduced a sugar solution than when 
we used hormones. 

MODERATOR DUGAN: A question for John McGuire. Should 
the wound in holly be shallow, or a light wound, or should it 
be a heavy wound down into the wood? 

JOHN McGUIRE: Actually the research that I discussed 
earlier was in 1·elation to the entry of auxins into the cutting. 
We wanted to see how a wound would effect the entry. We 
used a light wound and it did improve the uptake of the auxins 
into the stem. 

MODERATOR DUGAN: What is the source of activated char
coal? 

FRED LANPHEAR: There are two sources that come to 
mind now. One is called Darco and the other is called Nu-
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Chai·. One of these p1·oducts is available f1·om the Atlas Chem
ical Company. Until recently the cha1·coal was only available 
in large quantities such as used in laundries. However, they 
are now putting up an agricultural package. I don't have the 
name here but I will be glad to send it to anyo11e who would 
care to write. 

CLARENCE BARBRE: I v,,ould like tc> make a gene1·al com
ment about activated cha1·coal. The1·e are many, many diffe1·
ent sources and the deg1·ee of activation is considerably effect
ed by the t1·eatment used. Befo1·e you do a lot of wo1·k v.1ith 
the activated cha1·coal you should know the source and the de
g1·ee of activation 01· othe1·wise you ma.)' get ve1·y variable 1·e
sults, if you do not know exactly what .)'OU a1·e using. 

MODERATOR DUGAN: Is the1·e a tin1e facto1· in grafting 
Fagus sylvatica va1·ieties? 

JOERG LEISS: Fagus sylvatica is 011e of the last things 
that we g1·aft. We like to do it on a ve1·y c1uiet and cool day and 
find that we get much bette1· 1·esults. 

MODERATOR DUGAN: We have a nt1mber of compatibility 
questions here which,1may be answered by yes and no. The first 
- is albizzia compatible with wisteria? 

VOICE: No. .' 
MODERATOR DUGAN: Is Kalmia latifolia compatible with 

p,y1·us japo1,iica 01· rhododend1·on? 
VOICE: No. 
MODERATOR DUGAN: What is an t1nde1·stock i'o1· P'iri,u:; 

Bu'rtg eana? 
PETER VERMEULEN: Pi,rius St1·ob,u.s. 
JOERG LEISS : As a general 1·ule you use three-11eedle pines 

on three-needle understocks and five-needle pine on five-needle 
unde1·stocks. 

MODERATOR DUGAN: Is Euoriymus Bu1igeana compatible 
with Euonynius J'adicaris? 

CASE HOOGENDOORN : Yes. 
MODERATOR DUG,\N: Why is it that some cuttings form 

callus which leads to 1·oot formation and in other cases there 
are .iust masses of undifferentiated cells? 

CHARLEY HESS: This may be due to an improper balance 
of growth substances. The basis fo1· this speculation is from 
some work that was done in tissue cultu1·e by Skoog who found 
that if the purine level in the medium ,vas high in relation to 
the auxin level, that vegetative buds v.rere stimulated. If the 
auxin level was high in relation to the J)urine level, then roots 
were formed and if the auxin level and J)urine level we1·e about 
the same, then there was just undifferentiated growth. Thus 
it was possible to determine what the tissue cultures would do 
by altering or regulating the relative concentration of purines 
and auxins. So in some cuttings whicl1 .iust form masses of 
callus the purine and auxin levels might be balanced in such 
a way that you do not get diffe1·entiation. It may be necessary 
to add other growth substances to establish the proper relative 
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concentration which is favorable for root initiation. 
MODERATOR DUGAN: What is the best method of propa

gating Juniperus chinensis maneyi using dormant cuttings? 
VOICE: We root them in the greenhouse using Hormodin 

#3. When part of the cuttings are rooted we pot them up and 
stick the rest back and then they come along giving us about 
70 'Yo rooting in all. 

RALPH SHUGERT : I take them in the last week in Decem
ber using Hormodin #3 and a double wound. My rooting av
e1·ages about 35 % to 40% which is still cheaper than grafting. 

' MODERATOR DUGAN: What is an understock recommended 
for Amelanchier? 

HARRY HOOPERTON: We find Washington Hawthorn the 
best. 

JOERG LEISS : l feel that the grafting of Amelanchier is 
not in the best interest of Amelanchier·. It is ma.ybe okay for 
the propagator but the grafts don't last and they do not make 
up into a tree. The best solution is to root them from softwood 
cuttings.. They root quite readily. 

HARRY HOOPERTON: But how do you get any growth from 
cuttings? We have five to six foot whips in the first year 
when we graft them. 

JOERG LEISS: That's the problem. You get rapid growth 
the first couple of years, five to six feet, and that's where they 
stay. 

HARRY HOOPERTON: We don't find that problem. We 
have good trees two to three inches in caliber when they have 
been grafted on Washington. We have also had some grafted 
on Sorbus but they are a 1·eal problem because of the tremend
ous amount of suckers that form from the S01·bus. 

MODERATOR DUGAN: What can be done about the prob
lems of blind eyes in rooted cuttings of Clematis? 

BILL CUNNINGHAM: I you use double node cuttings, you 
will not have any problems. You may lose the buds that are 
above the rooting medium, but you will have shoots developing 
from the second node which is below the medium. 

MODERATOR DUGAN: Is there any possibility that when 
a drench or a substance such as Terrachlor is used on Sphag
num moss that the fungicidal effect of the Sphagnum moss will 
be lost? 

CHARLEY HESS: We have been trying to isolate the fun
gistatic material in Sphagnum moss and in doing this work we 
have found a bacteria in the Sphagnum moss which apparently 
can synthesize a n1aterial which inhibits the g1·owth of Pythium 
andRhizoctonia. As you know, it is 1·ecommended that you do 
not sterilize Sphagnum moss or else you will lose its desirable 
properties as being fungicidal. What may be happening is 
that you are killing the bacteria which actually synthesize the 
fungistatic substances or the substances which inhibit the 
growth of the Pythium and Rhizoctonia. Therefore, you could 
speculate that drench or a substance designed to kill bacteria 
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in the rooting media or germination media would have a good 
chance of destroying the bacte1·ia in the Sphagnum moss which 
produce the damping off inhibitors. 

MODERATOR DUGAN: How effective is the application of 
water to the 1·oof of the greenhouse in 1·educing the tempera
tures inside? 

BILL FLEMER: We have used that system fo1· many, many 
years. Although it does take a lot of wate1·, it is highly effec
tive. We can lower the inside temperatu1·e by 10 or 15 degrees. 
In our experience \Ve find cuttings which will actually root bet
ter under these conditions than under mist where perhaps they 
are being leached. 

MODERATOR DUGAN: What is the seed treatment for Co,·
·rtus kousa? Should the seed be dried 01· planted immeditely? 

AL FORDHAM: F1·eRh seeds require about 3 months of cold 
stratification which will then lead to complete germination. 

MODERATOR DUGAN: What is the best method of germinat
ing Ced1·us atla1itica and Cedrus Deoclara? 

AL FORDHAM: I think the best way is to give the seeds 
about 2 months cold st1·atification and then you will get uni
form germination. If you plant seed immediately without 
stratification, you will get germination but it will be erratic. 
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SATURDAY MORNING SESSION 

December 2, 1967 

The Saturday morning session began with a symposium 
on rootstocks at 8 :30 a.m. in Ballroom A of the Admiral Sem
mes Hotel. Ralph Shugert served as moderator. The sym
posium was followed by the annual business meeting. The min
utes of the business meeting appea1· at the beginning of the 
'Business and Technical Sessions' of the Eastern Region. 

MODERATOR SHUGERT: Ou1· first paper this morning will 
be a slide and tape presentation by Brian Humphrey and Pete1· 
Dummer. This idea was started last year by President Stu 
Nelson in order to give us a chance to hea1· and see some of ou1· 
foreign members. It was very well received and we are very 
pleased that B1·ian Humphrey and Peter Dummer agreed to 
do it again for us this ,vea1·. They will discuss ''Stock-Scion 
Relatio11 ship.'' 

STOCK/SCION RELATIONSHIPS 
B. HUMPHREY & P. DUMMER 

Hillie1· & Sons, Win.cheste1· 

ENGLAND 
HUMPHREY: Pete Dumme1· and I a1·e sitting he1·e in Winches

ter, one time Capital of England, when the Romans were 
around anyway. We a1·e going to look at a few slides to
gether conce1·ned with the sub.iect which we ha,re been 
asked to talk about which is Stock/Scion Relationships. 
vVe are going to treat with this in a very p1·actical way 
and we hope some of the info1·mation that comes out dur
ing our discussion will be of use to you in your propaga
tion efforts. 

The fi1·st point we want to make is that the stock 
and the scion retain their identity although of course 
,ve all know one influences the other as has been shown 
on many occasions by East Malling Research Station. 
Here we have a fairly fast growing scion of Fraxinus 
angustifolia worked probably onto F. excelsior and you 
have got this rather ugly union which you can see, I am 
ashamed to say, at Kew Gardens. Now ,vhat is your com
ment on this one Pete? 

DUMMER: I am glad you let me get a word on this Brian, be
cause if I was grafting this pa1·ticular plant, I would 
have at least grafted it at ground level. 

HUMPHREY: I quite agree with you Pete, working at ground 
level would h~1ve been preferable. Now this next shot 
brings out anothe1· aspect of what we should look for in 
the stock. These Abies a1·e probably wo1·ked onto Abies 
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alba 01· A. nordmanniana, but W(! think we have got a 
better one than that now Pete. 

DUMMER: Yes there is a far better stclck now, that is Ahies 
cephalonica. 

HU1\'1PHREY: And why is that do you tl1ink? 
DUMMER: Well, with us it is a healthie1· stock altogether, bet

ter root system and also it grows <)n lime and acid soils. 
HUMPHREY: Of course that is very important in Wincheste1· 

because we have a lot of chalk around here and the top 
soil is ve1·y shallow. I think local people at least will be 
much happier if they buy their Abies with cephalonica 
roots instead of alba or nordmanniana. Now this next 
one is Rhododendron Loderi and it is worked on ponti
cum. 

DUl\f MER: It is yes, ponticum stock. We are trying to get 
away from this stock for several reasons, among them 
that ponticum stock tends to get woody very early. 

HUMPHREY: Yes, well you can see this is correct in this shot 
can't you? 

DUMMER: Yes and in fact we are no,v rooting Cunningham's 
White because it retains it's green wood very much later. 

HUMPHREY: And we think that young green wood at the poi11t 
where you are putting on the scion is a definite advant
age. 

DUMMER: Definitely, because it calluses more quickly an1:l 
makes a union earlier. 

HUMPHREY: Yes, of course Cunningham's White is a rather 
dwarf growing sort isn't it? I don't know whethe1· we 
can find anything a little more vigorous. 

DUMMER: Well, I think what we are really after of course is 
something with a long stem, say for instance, Pink 
Pearl or Elegans, something like t.hat which roots easily. 

HUMPHREY: Ponticum is causing us tr<)uble with this disease 
Phomiopsis which it gets so badly doesn't it? 

DUMMER: It does yes, t.he stem can be girdled by the disease 
and if you start grafting, the stock and scion die 1·apid
ly. 

HUMPHREY: Yes, as soon as they get a bit of heat, the stocks 
die out and the disease spreads up into the scion and it 
is a lot of effort wasted. Here is another practice 
which we rather frown on these days and in fact it is 
hardly necessary, that's on the right-hand side there. 
Cytisus grafted onto Laburnum. 

DUMMER: Well Brian, we do not practice it these days because 
we get all these things quite easily from cuttings. 

HUMPHREY: Yes, but of course you do get a fairly large plant 
quite quickly by grafting from Laburnum I suppose, but 
it is a fairly expensive procedure I would think. 

DUMMER: It is and it makes a ve1·y bad union as well, it Rwells 
out. 
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HUMPHREY : Yes, this is a fairly usual sign of a union which 
is not too happy and is rather incompatible. It is due to 
excessive callus fo1·mation causing swelling isn't it? Well 
now the next slide is another mixed genera, it is Sorbus 
aria which we commonly bud onto our native Thorn, 
Crataegus, yot1 migh-t think it is rather an odd combin
ation, but in fact that Sorbus grows very much bette1· 
on Crataegus than it does on Sorbus aria seedlings. 

DUMMER: Of course Sorbus aria seedlings, Brian, themselves 
are with us, a small tree. 

HUMPHREY: Yes they, grow wild quite close to here, just a 
matter of half a mile away it is growing wild and you 
hardly ever see one over about 15 to 20 ft. Well now, 
while we are looking at this Sorbus, Pete, you could tell 
us quite a story about some of the rarer species which 
we graft at Hilliers I think, some of the problems there 
of compatibility. 

DUMMER: Yes, I suppose the most difficult one or some of the 
most difficult ones are the micromeles group, and I had 
an occasion a few years ago of having some scions and 
no stocks to put them on. 

HUMPHREY: What were the scions Pete? 
DUMMER: Sor bus epidendron, very rare plants and folgne1•i 

and one or two other choice species and one or two King-
, dom Ward species which belong to the micromeles group. 

As I said, we did not have any stocks which should be 
alnifolium, so I decided to put one in between. So what 
we actually did was to graft meliosmifolia onto Thorn 
and then gr·aft these rarer species onto meliosmifolia. 

HUMPHREY: I see, rather like double working Pears. You have 
not tried double budding using this technique and these 
species? 

DUMMER: No we have not. 
HUMPHREY: Well now Pete, we seem to have now got on to 

what is the real meat of this talk, compatibility and the 
relationship between stock and scion. This is a shot of 
Quercus coccinea Splendens grafted and the union 
doesn't look too happy does it? 

DUMMER: No it does not Brian, I think myself that the wrong 
stock was used. I think with coccinea Splendens, one 
should aim for coccinea seedlings rather than rubra al
though it belongs in a rubra group, ideally it should be 
grafted onto coccinea seedlings. 

HUMPHREY: Yes, well the next slide seems to prove your point 
there, the tree has broken away at the union. I wonder 
if we aren't splitting hairs a bit here, don't you think 
pos.sibly in this particular case that another inte1·esting 
factor could be the cause of this, and that is the rathe1· 
crude grafting technique. 

DUMMER: Yes, I think the graft in this case ,vas a cleft graft 
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and you can actually see that part of the wedge is still 
intact. 

HUMPHREY: Of course Oaks are notoriously difficult to pro
duce a good union aren't they, th1~y take many years. 

DUMMER: Yes, it is a hard-wooded tree, it takes three or fou1· 
years in a young state to really get going. 

HUMPHREY: So in fact the stocks we would use for Oaks would 
be what? 

DUMMER: One of the Red Oak type, that is rubra, coccinea or 
palustris for working with that group. 

HUMPHREY: What about schumardii, schneckii, some of these 
rarer things? Scochiana, I suppose would grow too, but 
we are beginning to find that in fact many species that 
we felt were happy on these stocks are not so happy. Fo1· 
instance, velutina Rubrifolia is best worked on velutina 
isn't it? 

DUMMER: It is yes, scochiana, kellogii and texana seems to do 
fairly well on palustris. , 

HUMPHREY: And now what else would we use, Que1·ct1s phel
los for one or two? 

DUMMER: Well, we use phellos of course for it's own hybrid x 
ludoviciana which is a very fine tree. 

HUMPHREY: Cerris is rather an odd stc)ck isn't it? 
DUMMER: It is Brian, yes. 
HUMPHREY: Quercus cerris Variegata won't grow on any

thing else but cerris will it? 
DUMMER: No it is quite true. 
HUMPHREY: But castaneaefolia which is in the cerris group 

is alright on robur. 
DUMMER: Yes it is, and another one for instance is libani 

which comes in the cerris group, we have got trees at 
Chandler's Ford which are over 40 years old and they 
were grafted onto robur, but nothing 1·eally wrong with 
them. 

HUMPHREY: Well, we are back to Rhododendrons aren't we 
on this next slide Pete, any thoughts on incompatibility 
here? 

DUMMER: Well, of cot1rse there are a few Brian, a few species 
that come to mind, we have never proved lacteum to be 
compatible on ponticum at all. 

HUMPHREY: No we seem to fail regularly on that one. 
DUMMER: And of course) these larger leaf ones like grande, 

sinogrande. 
HUMPHREY: Yes, but you might expect to see that, they are so 

different from ponticum. Lacteum is a bit of a surprise 
isn't it really? 

DUMMER: It is yes. Of course there are a few more difficult 
ones, for instance, thompsoni and barclayi. 

HUMPHREY: Barclayi is a barbatum h)'brid isn't it? 
DUMMER: Yes, and of courge barbatum itgeJf is very difficult. 
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HUMPHREY: Our friends in the S'cates may be surp1·ised to 
hear in fact that we are grafting some of these species. 
The reason for this is that we have stock mother plants 
on our nu1·series which have been selected as being es
pecially true to type and we graft a certain proportion 
of our Rhododendron species as true to type selected 
plants, grafted, vegetatively propagated plants. I sup
pose what we should do is to 1·aise some of these species 
from seed and 'chen graft onto the seedlings. 

DUMMER: Well, we have done this, the last couple of years, 
and every year now of course we are sowing a certain 
amount of seed for this particular purpose. 

HUMPHREY: Yes, I am sure this will pay off. 
DUMMER: I am st1re it will yes. 
HUMPHREY: Well, now this next slide shows a grafting case 

full of vValnut grafts and they would be on regia now I 
st1ppose Pete. 

DUl\iIMER: They would be now Brian, because as you know, 
East Malling Research Station has found incompatibility 
after 25 years with the stock nigra. 

HUMPHREY: Yes, this is delayed incompatibility. As far as 
nurserymen are concerned, we are happy to work regia 
on nigra because nigra is resistant to grafting disease 
and it has the added advanta.ge as well as being resist
ant to Boot-lace (Armillaria) Fungus which is quite a 
problem in England. 

DUMMER: Of course it makes a better stock from our point of 
• view. 

HUMPHREY: You must not forget the conifers, Pete, and the 
next slide shows a Pine, Pinus strobus seedling and it is 
important to match up the number of needles on stock 
and scions on the Pines isn't it? 

DUMMER: I quite ag1·ee with you Brian, that the needles 
should be matched up if we are going to get compatibil
ity. 

HUMPHREY: In other words, a five-needled Pine on a five
needled Pine stock and a three-needled Pine on a three
needled Pine stock and so on. This is fairly simple I 
think 1·eally. Well he1·e next is a batch of Acer seedling 
stocks. vVe have got quite a lot of things to say about 
Acers, Pete haven't we? 

DUMMER: Well, its a very large family Brian, and to start off 
with, the film shows in the front here the common one, 
at least our common one, pseudo-platanus. 

HUMPHREY: And palmatum behind. 
DUMMER: I suppose the pseudo-platanus comes in for practi

cally everything, 'chree parts of them anyway. 
HUMPHREY : Yes, you do some of the American species on pse

udo-platanus don't you? Nigrum for instance. 
DUMMER: Nigrum does very well on pseudo-platnus, coria.cet1m. 
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HUMPHREY: What about this lovely thing we have got from 
Strybing Arboretum? 

DUMMER: Oh yes, if anyone is there at the meeting they will 
be pleased to kno,v that this Acer pentaphyllum is go
ing very well now and it is in fact, we presume, related 
to mandschuricum. As we have never had any seedlings 
of mandschuricum to graft at the time, it was put onto 
pseudo-platanus and the plants now are 4 or 5 ft. high 
after only two years from grafting. 

HUMPHREY: And what other Acer stocks would you reckon to 
use to carry out ou1· grafting programme. 

DUMMER: Well, I suppose one of the most important ones after 
pseudoplatanus would be cappadocicum. We graft x 
lobelli onto cappadocicum because it has milky sap. 

HUMPHREY: This is a good guide actually isn't it, whether the 
Acer is milky or non-milky as to what you put on them. 

DUMMER: Actually, we class the Acers in two separate groups, 
milky and non-milky, but of cou1·se they can be split 
down again, for instance, platanoides and cappadocicum 
are both milky. 

HU,MPHREY: But are not necessarily interchangeable are they? 
Lobelli for instance, won't grow on platanoides ver)' 
well, but it will on cappadocicum. 

DUMMER: Yes, that is quite true. In this last year we have 
tried lobelli on campestre which is another milky one. 
We are keeping our fingers crossed. 

HUMPHREY: Yes. this is interesting, campestre would be much 
easier and cheaper for us to get. This is a native tree 
and if in fact lobelli does grow on campestre, this will be 
a very good thing. Lobelli, if you don't know over there, 
is a wonderful tree, naturally fastigiate a hybrid, a 
first class street tree, very important commercially. 
Other American species, Acer rubrum, saccharium and 
sacchart1m, I expect our audience know more about 
their characteristics than we do. 

DUMMER: We use rubrum quite a bit and one species we like 
to graft on it is franchetti. 

HUMPHREY: Now while we are on Acers, Pete, this next one 
is interesting, this is a rather feeble scion of Acer hir
cinum. The tree was dying and Mr. Garner was around 
this particular summer and he recommended this tech-

• n1que. 
DUMMER: Yes, that is right, it is in fact a bridge graft as you 

can see. 
HUMPHREY: His idea was that the sap had to go throt1gh the 

scion and had to keep it alive until it made a union 
wasn't it? 

DUMMER: Yes that is quite right, if you see that little white 
patch in the middle there, the skin in fact has been re
moved and a knife scraped all the way round it and then 
rubbed round with a cloth dipped in formalin so that 
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there is no possibility of sap flow at all, so that if the 
stock is going to keep alive, sap has got to pass through 
the scion. 

HUMPHREY: It is a very good idea and did in fact work didn't 
"t? 1 . 

DUMMER: It did work, but unfortunately, the stock used here 
was saccharinum and it should have been saccharum. We 
did not have saccharum stocks at that time. 

HUMPHREY: So the scion grew away for a little while and then 
died out. 

DUMMER: That is quite right, yes. 
HUMPHREY: Incompatibility took ove1·. 
DUMMER: This is an interesting graft really, because if any

one does get any rare material in a poor state of health, 
they can in fact get over the problem by using this par
ticular type of graft. 

HUMPHREY: Well, enough about Acers I suppose. Now we are 
looking at some P1·unus grafts and here again there is a 
fairly complex picture isn't there? 

DUMMER: This is quite right, yes. 
HUMPHREY: We are using avium aren't we, cerasifera, pad us 

and persica. Anythi11g else, I don't think so is there? 
DUMMER: No I don't think so Brian, I think we have covered 

the main ones anyway. 
HUMPHREY: Avium I suppose takes the bulk doen't it? 
DUMMER: Oh it does, yes. 
HUMPHREY: But cerasifera is rather interesting perhaps in 

that Prunus mume g1·ows well on this. 
DUMMER: Yes it does very well on cerasifera. 
HUMPHREY: And P1·unus padus appears to take pad us va1·ieties 

doesn't it? · 
DUMMER: Yes very easily. 
HUMPHREY: And of course the Rum Cherry, Prunus serotina 

varieties, are worked on padus aren't they? And then 
there is this maackii which you turned up some info1·
mation on. 

DUMMER: Well, for years, you know, we struggled to graft 
this because we thought at one time that it was related to 
padus, one year down at ou1· Eastleigh nursery, I tried 
a few on avium. little pieces of wood the size of match
sticks, and the first year they jumped to 40 ft. high. 

HUMPHREY: J oily good. So P1·unus avi11m is the stock then 
for Prunus maackii, a rathe1· rare, but choice species. 

DUMMER: And incidently, it is a very beautifully Chinese tree 
with peeling bark. 

HUMPHREY: Yes, and Prunus se1·rula which is grown for its 
bark is also happy on avium isn't it? 

DUMMER: Quite true. yes. 
HUMPHREY: Well now here is a Magnolia graft, a side graft, 

this pict111·e was actually taken i11 Holland and he1·e 
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again we have got an interesting and complex situation 
with the Magnolias haven't we? 

DUMMER: Yes, Brian, I suppose the two main stocks are ko
bus and soulangeana which are used generally. 

HUMPHREY: Now some people would be surprised at you say
ing soulangeana, for instance the Japanese use kobus 
for pretty well everything and so do the Dutch I believe. 

DUMMER: Yes, but this is not our choice. 
HUMPHREY: Yes, soulangeana is most important for us. Soul

angeana is used as a stock obviously for soulangeana 
varieties and also for stellata, presumably if you want
ed to graft that, although it can root from cuttings well 
and also these beautiful Himalayan species campbellii 
and sa1·gentiana robusta. And kobus then, you would 
use for cordata wouldn't you, and salicifolia. 

DUMMER: And of course, its forms, concolor etc. 
HUMPHREY: And ,vhat about these la1·ge leaved species like 

mac1·ophylla, what would you use for that? 
DUMMER: Mac1·ophylla, we would put on t1·ipetala 01· offici

nalis. 
HUMPHREY: This next one, on the face of it, it looks straight 

forward enought doesn't it, it looks like one of the Ex
bury hybrids (Azaleas). 

Du:r.,rMER: That's true, Brian, it is in fact the variety Berry
rose. 

HUMPHREY: The Exbury's are of course quite straight for
ward a1·en't they, but "'hat about some of the other ones 
which we graft? 

DUMMER: Oh some of the others can be difficult. We are 
sure the1·e is some incompatibility, for instance with 
schlippenbachii. We have got a beautiful white form at 
the nursery and it will not grow well except on schlip
penbachii seedlings. 

HUMPHREY: Yes, and pentaphyllum is exactly the same isn't 
it? They seem to grow away for a time and then die 
out don't they? It appea1·s to be delayed incompatibil
ity. 

So really suggest.ing a possible division concerning 
stock/scion relationships, you have two or three groups: 
- 1) You have the group that will readily form a union, 
the scion will grow away very vigorously and very well 
and then at some late1· date, any time f1·om three years 
onward, you get signs of incompatibility, commonly 
known as delayed incompatibility: 2) You have the 
type of union that if you can get the two to stick to
gether for life) but there is some evidence of early in
compatibility: 3) Then you have the ideal group at the 
end where you get ready union, ready compatibility 
and partnership for life, the ideal marriage. 

DUMMER: Bria11, I think when one is using stocks like thiR, 
one should always try to g1·aft if possible onto closel)' 
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1·elated seedlings, in that way you can be su1·e because 
no person wants to wait twenty years and then find out 
that the union is not compatible. 

HU1\'1PHREY: Quite. We do in fact use some form of guide, 
we use Rehder's Manual of Trees and Shrubs as an 
initial indication don't we? We really base our combin
ations on botanical cha1·acteristics and work it from 
there, it saves a cercain amount of hunting anyway 
doesn't it? 

DUMMER: It does, yes, but of course it is not always right. 
Sometimes with things like Azaleas for instance, 

one should not wo1·ry too much, if one can get a union 
for a while and plant deeply enough, the scion will event
ually form roots. In other words, carry out nurse 
grafting. 

HUMPHREY: Well, I think, Pete, our time must be up by now, 
we have had a ve1')' pleasant evening sitting here to
gether looking at these pictures and we hope very much 
that the tape reaches you ove1· there or1 time and that 
the slides reach you as well and the projectionist is 
clever enough as I am sure he will be, to match the two 
together. We wish you all every success for a really 
good meeting. 

Goodbye to you all. 

MODERATOR SHUGERT: Our second paper on rootstocks is 
being presented by a gentleman who has also traveled a good 
distance to be with us. He is president of the Western Region 
of the International Plant P1·opagato1·s' Society and his topic 
is ''Bloom Production on Selected Garden Rose Rootstocks.'' It 
is my pleasure to introduce Bob Ticknor. 

BLOOM PRODUCTION ON SELECTED GARDEN ROSE ROOTSTOCKS 
R. L. TICKNOR AND A. N. ROBERTS 

Or·cgo1l State Unive,t·sity 
Co1·vallis, Oregorl 

Int1·oduction 
N u1·sery perfo1·mance of sixteen 1·ose 1·ootstocks budded 

with five scion va1·ieties, Etoile de Holland, Lowell Thomas, 
Picture, Pres. Hoove1· and White P1·ince, were reported at the 
Western Region meeting in 1963 (2). The majo1·ity of the root
stocks rooted well with the exception of 0. S. U. 1 and 8, P.&D. 
5214 and 5360, and D1·. Huey. On a comparative basis, five of 
the rootstocks, D-1, Ginn, P.&D. 5222 and 5234, and Van, prov
ed to be outsanding for bud stand with the five scion varie
ties used in this trial. Four other rootstock-scion combinations 
were outstanding, 0. S. U. 1 and Burr with Pres. Hoover, Burr 
with Etoile de Holland, and 5250 with Picture. 

397 



1·elated seedlings, in that way you can be su1·e because 
no person wants to wait twenty years and then find out 
that the union is not compatible. 

HU1\'1PHREY: Quite. We do in fact use some form of guide, 
we use Rehder's Manual of Trees and Shrubs as an 
initial indication don't we? We really base our combin
ations on botanical cha1·acteristics and work it from 
there, it saves a cercain amount of hunting anyway 
doesn't it? 

DUMMER: It does, yes, but of course it is not always right. 
Sometimes with things like Azaleas for instance, 

one should not wo1·ry too much, if one can get a union 
for a while and plant deeply enough, the scion will event
ually form roots. In other words, carry out nurse 
grafting. 

HUMPHREY: Well, I think, Pete, our time must be up by now, 
we have had a ve1')' pleasant evening sitting here to
gether looking at these pictures and we hope very much 
that the tape reaches you ove1· there or1 time and that 
the slides reach you as well and the projectionist is 
clever enough as I am sure he will be, to match the two 
together. We wish you all every success for a really 
good meeting. 

Goodbye to you all. 

MODERATOR SHUGERT: Our second paper on rootstocks is 
being presented by a gentleman who has also traveled a good 
distance to be with us. He is president of the Western Region 
of the International Plant P1·opagato1·s' Society and his topic 
is ''Bloom Production on Selected Garden Rose Rootstocks.'' It 
is my pleasure to introduce Bob Ticknor. 

BLOOM PRODUCTION ON SELECTED GARDEN ROSE ROOTSTOCKS 
R. L. TICKNOR AND A. N. ROBERTS 

Or·cgo1l State Unive,t·sity 
Co1·vallis, Oregorl 

Int1·oduction 
N u1·sery perfo1·mance of sixteen 1·ose 1·ootstocks budded 

with five scion va1·ieties, Etoile de Holland, Lowell Thomas, 
Picture, Pres. Hoove1· and White P1·ince, were reported at the 
Western Region meeting in 1963 (2). The majo1·ity of the root
stocks rooted well with the exception of 0. S. U. 1 and 8, P.&D. 
5214 and 5360, and D1·. Huey. On a comparative basis, five of 
the rootstocks, D-1, Ginn, P.&D. 5222 and 5234, and Van, prov
ed to be outsanding for bud stand with the five scion varie
ties used in this trial. Four other rootstock-scion combinations 
were outstanding, 0. S. U. 1 and Burr with Pres. Hoover, Burr 
with Etoile de Holland, and 5250 with Picture. 

397 



Materials and Methods 
Since p1·oducing rose bushes in the nursery is only the 

first part of the use of this plant, garden trials were initiated 
to answer questions on length of life, vigo1·, transplantability 
and bloom production of the most successful scion-rootstock 
combinations. Trials were planted at Oregon State Universi
ty's North Willamette Experiment Station, Aurora, and Lewis
Brown Horticulture Fa1·1n, Corvallis, in N evember. 1962. Six 
plants of each scion-rootstock combination which survive,l the 
nu1·sery trial were planted at both of these locations. 

In addition, selected scion-rootstock combinations were 
sent to Iowa; Long Island, New York; and Minnesota; but 
because of drought and fire information was received only 
from Minnesota. The first year results at Aurora, Corvallis 
and Minnesota were reported by Ticknor, et. al. (3). 

Bloom records were recorded periodically for each individ
ual plant throughout the season for three years at Corvallis 
and for four years at Auro1·a. Lowell Thomas and Pres. Hoover 
did not establish well on all rootstocks. Many plants were lost 
the first season, particularly on the D-1 and Ginn rootstocks. 
Desiccation of the plants at the time these scion varieties were 
dug appears to be the reason for these losses. 

Notes were taken on suckering of the different rootstocks, 
although suckering was not a majo1· problem with any of the 
rootstocks. 

Results and Discussion 
The bloom p1·oduction results of the five scion varieties on 

the 11 or 12 stocks are presented in Tables 1 to 5. Statistical 
analysis was done for each variety to establish an I,. S. D. 
(least significant difference) so that bloom production signifi-

. cantly better than the average for the variety could be indi
cated. 

It was found that bloom production was influenced by 
several factors: scion variety, rootstock variety, location, and 
number of years the plants have been growing in a location. 
Lowell Thomas and White Prince had lower average bloom 
production per plant than the other scion varieties. The root
stock va.riety exerts a strong influence on the performance of 
the scion variety. From observation this effect is more pro
nounced on weak growing scion varieties which tend to be 
more specific in rootstock requirements than do strong grow
ing scion varieties. Location had an influence on bloom pro
duction in this trial. Soil type was the major difference be
tween the locations 65 miles apart which have very similar cli
mates. Bloom production was higher in the well drained 
sandy loam soil at Aurora than in the clay at Corvallis. The 
first year in the garden is a yea1· of establishment with low 
bloom production. Bloom production on some stocks improves 
with time such as Vandermoss budded with Pres. Hoove1· 
which produced only 28 blooms the first year but produced 
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396 blooms, the highest in the trial, the third yea1·. ln co11-
trast, Welch p1·oduced a statistically significant 108 blooms the 
first year when budded with Pres. Hoover but produced only 
147 blooms the third year. This latter number is significantly 
below average for bloom p1·oduction for that year and variet;.'. 

Some comments about the bloom production and adaptibil
ity of the diffe1·ent stocks are as follows : 

OSU 1: Good only with White P1·ince but poo1· ,vith 
Lowell Thomas and Picture at Auro1·a and aver
age at Co1·vallis. 

OSU 6: Good with P1·es. Hoove1· and v\'hite P1·ince but 
poor with Etoile de Holland, Lo,vell Thomas and 
Picture. No sucke1·s. 

Vande1·moss: A va1·iable rootstock good with White 
Prince at both locations. Good with Lowell 
Thomas and Pres. Hoove1· at Auro1·a but 
poor with Etoile de Holland and Picttire. At 
Co1·vallis it was either poo1· 01· ave1·age with 
the latter four va1·ieties. Possibly better 
adapted to light soils. 

P.&D. 5222: A good stock with Etoile de Holland, Lo,vell 
Thomas and Pictu1·e but poor with Pres. 
Hoover and White Prince. A thorny stock. 
No suckers. 

P.&D. 5234: A good stock for Lowell Thomas and Pic
tu1·e but poo1· Vi'ith White P1·ince. A thorny 
stock. 

P.&D. 5350: Rathe1· an average stock, really only good 
with White Prince at Aurora. A thorny 
stock. 

Brooks: Probably the best stock in the garden trial. But 
stand with Etoile de Holland was so poor that 
plants were not available for garden trial. 

Ginn: Generally a good stock except with White Prince. 
Also gave poo1· nursery results with this scion 
variety. More prone to suckering than any oth
e1· stocl- in trial. 

Welch: Generally a good stock the fi1·st two years but 
does not seem to hold up. Has been dropped by 
Oregon growe1·s because of winter injury prob
lems. 

D-1: Poor bloom production except with Etoile de 
Holland the fi1·st two years. Looked good in 
nursery t1·ials. No suckers. 

Buri·: Generally a good stock but appears better adapt
ed to lighter than hea.vy soils. Most widely used 
1·ootstock in Oregon at present. Also used in 
northern California. 

Dr. Huey: Consistently poo1· under ou1· conditions. Possi
sibly better adapted to the warner soils found 
in the southwest. 
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A wide variety of rootstocks, most of which we1·e not main
tained as clones, were in use in Oregon when Roberts started 
1·ose rootstock trials at Oregon State University in 1948. One 
of the objectives of these t1·ials was to find a single rootstock 
which would give superior performance in both the nt11·sery 
and the ga.rden. While this ob.iective has not been completely 
achieved since several rootstocks are in use today . In practice 
the growe1·s i11 Oregon, Texas and the Northwest use multiflora 
stocks while those in Arizona and Southern California use 
Dr. Huey. At present, most roses produced in Oregon are 
grown on the Buri· strain of R. multiflot·a; thus while we do 
not have a unive1·sal stock, in practice in the Northwest we al
most have one. 

Up to 1964, a conside1·able number of 1·oses were also grown 
on the Welch st1·ain in 01·egon. In that year, the temperatt11·e 
dropped to 6° F. in December, damaging the stems of Welch so 
they could not be used for cuttings. The one grower who was 
using Buri· at that time supplied wood for cuttings to the 
other g1·owers that year. 

Work by Fu1·uta (1) supported by leaf samples from our 
Oregon trials has given a possible explanation for the use of 
D1·. Huey in southe1·n Califo1·nia and R. 1,i·ultiflot·a in the north
west. Leaf analysis shows that plants g1·owing on the same 
soil will have highe1· bo1·on content on R. multiflot·a. In areas 
where bo1·on approaches toxic levels Dr. Huey is the better 
stock, but where bo1·on is often deficient R. multiflo1·a is the 
bette1· stock. In addition, Dr. Huey is quite sub.iect to mildew 
in Oregon and does not produce good wood for propagation. 

1\,•cr,1gc 131,,0111 l'10,l11ct1011 l'c1 l'l,1111 <>I E1,,1lc ,le H,,lf,111,I R,,,c, 
011 Scvc1 ;1 I Il,,,,t,L<>Lk, ;11 t w,, l<>L,t t 1,,11, 

AlllOI a Co1v,1ll1, 

1963 1964 1965 1966 1963 1964 1965 

osu 1 99 140 167 162 79 140 116 
osu 6 87 105 133 141 85 96 89 
Vandermoss 94 112 141 153 60 66 75 
5222 P&D 74 146 202** 199 103*'1' 14 7 '1' 120 
5234 P&D 125'1'~- 155 173 210** 87 133 112 
5350 P&D 92 158 172 189 74 128 134 
Ginn 58-L-2 106 195~'~' 185 '1' * 236~'* 80 192** 165** 
Welch 96 146 135 171 108~'* 188** 146* ,t-
D-1 123*'1' 184 '1' -l- 160 163 79 124 134 
Dr. Huey 81 135 112 178 65 87 73 
Burr 90 161 163 204 1·* 67 111 122 
Average 97.0 148.8 158.4 182.3 80.6 128.2 116.9 
LSD 5% 14.8 
LSD 1% 21.1 
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Average Bloom Production Per Plant of Lowell Thomas Roses 
on Several Rootstocks at Two Locations 

A11rora Corvallis 
1963 1964 1965 1966 1963 1964 1965 

osu 1 37 49 41 97 26 57 
osu 6 27 51 77 131 30 55 
Vandermoss 44 73 108** 165** 30 50 
5222 P&D 50 69 75 120 30 77* 
5234 P&D 48 106** 91* 128 30 85** 
5350 P&D 32 55 79 129 36 63 
Brooks-48 92** 129** 106** 194** 32 60 
Ginn 58-L-2 48 63 46 60 42 83** 
Welch 94** 78* 70 124 55** 107** 
D-1 49 56 105** 85 25 30 
Dr. Huey 34 43 38 96 23 42 
Burr 39 27 73 135* 36 76 
Average 49.5 66.6 75.8 122.0 32.9 65.4 
LSD 5% 11.4 
LSD 1% 16.1 

.,\ verage Bloom Product1011 per Plant of Pict11re Roses 
on Several Roostocks at Two Locations 

A11rora Corvallis 

58 
55 
52 

132** 
70 
59 
68 
82** 
62 
28 
38 
74 
64.8 

1963 1964 I 965 1966 1963 1964 1965 

osu 1 63 133 100 131 66 143 180 
osu 6 62 110 127 122 61 121 147 
Vandermoss 66 137 114 112 51 110 111 
5222 P&D 86 149 141 171 66 162** 220** 
5234 P&D 60 155 162* 202** 64 150** 198** 
5350 P&D 100** 169** 155 151 70 141 179 
Brooks-48 104** 158 180** 206** 83** 175** 258** 
Ginn 58-L-2 80 170** 180** 197** 48 110 196** 
Welch 108** 172** 162* 174 72* 127 141 
D-1 66 117 119 133 42 101 150 
Dr. Huey 66 123 128 152 30 99 133 
Burr 121** 198** 178** 234** 66 164** 21 
Average 81.8 149.2 145.9 165.4 59.9 133.6 177.0 
LSD 5% 11.6 
LSD 1% 16.3 
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Average Bloom l'rodt1c11on Per Plant of Pre,1de11t Hoover Roses 
on Seve1·al Rootstocks at Two Lc1ca11011s 

A11rora Corvallis 
1963 1964 1965 1966 1963 1964 1965 

osu 1 75 133 205 276 67 111 
osu 6 79 158 262** 295* 66 164* 
Vandermoss 28 196* 396** 389** 16 66 
5222 P&D 57 107 108 160 44 129 
5234 P&D 66 166 207 246 48 148 
5350 P&D 66 120 178 227 46 130 
Brooks-48 38 93 182 301* 80 122 
Ginn 91 270** 188 275 45 110 
Welch 108* 131 147 203 83 144 
Dr. Huey 67 125 120 168 48 67 
Burr 27 77 280** 247 93 154 
Average 63.8 143.2 206.6 253.3 57.8 122.2 
LSD 5% 37.5 
LSD 1% 53.4 

,\ ,·c1 age Bloo111 1'1 od11ct1::i11 Per Pla11t of \Vh1 te Pr111ce Roses 
011 Se,•eral Rootstocks at Tv,o Lc,cat1011s 

Attrora Corvallis 

107 
110 
141 
124 
129 
141 
115 
128 
118 

80 
164* 
123.3 

1963 1964 1965 1966 1963 1964 1965 

osu 1 77** 67 87 191** 47'~ 68* 69 
osu 6 68 79** 106** 191** 41 87** 85** 
Vandermoss 64 62 93* 165* 33 64 81** 
5222 P&D 25 68 60 113 24 44 34 
5234 P&D 49 52 68 126 38 47 54 
5350 P&D 70* 51 93* 215** 33 61 65 
Brooks-48 77** 64 106** 223** 43 102** 93** 
Ginn 58-L-2 52 68 85 105 32 31 47 
Welch 69 59 96** 118 43 49 79** 
D-1 47 39 48 75 32 47 38 
Dr. Huey 60 43 58 121 35 29 34 
Burr 68 55 83 180** 31 64 71 
Ave1·age 60.5 58.9 81.9 151.9 36.0 57.8 62.5 
LSD 5% 9.3 
LSD 1% 13.1 
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MODERATOR SHUGERT: Thank you very much Bob for a 
very interesting and thorough paper. The next paper will also 
be presented by a member of the Western Region. The paper 
is on the ''Morphology of Arizona Cypress on Hetz Juniper.'' 
It has been writte11 by Dr. Fred Widmoyer and Dr. Darrell 
Sullivan. The paper will be presented by Darrell Sullivan. 

MORPHOLOGY OF ARIZONA CYPRESS ON HETZ JUNIPER 
FRED B. WIDMOYER AND DARRELL T. SULLIVAN 

N eiv Mexico State U1iiversity , 
Las Cruces, New Mexico 

For the past several years there has been an increase in the 
number of papers discussing the relationships of stocks and 
scions of ornamental plants. The basic phenomena occurring 
during the re-establishment of graft's were presented at the 
12th Annual Meeting (Widmoyer, 1962). Snyder ( 1963) 
pointed out that the ma,jor areas of propagation research of or
namental plants are consentrated on the rooting of cuttings 
and germination of seeds. Budding and grafting have receiv
ed the major attention for fruit crops. As a result of continued 
research and experience, the use of vegetatively propagated 
rootstocks has become standard practice (Fletcher, 1964). Most 
propagators recognize the value of graftage over seedage or 
cuttings as a technique, as well as the associated disadvantages. 

In selecting a stock for any plant, choice is limited to those 
which have a close botanical relationship. Generally, seedlings 
of the species are chosen as the scion. Grafts between genera 
are not unusual, but as a general rule, are limited to relative
ly few plants. Some ornamental plants which may serve as 
examples are: Syr'inga (lilac) on Ligitstr·um ·i,ulgare (privet) ; 
Cotoneaster on Crataegus (hawthorne) ; Chaenomeles (flower
ing quince) on Sorbus (mountain ash) ; and Pyrus (pear) and 
Malus (apple) on C1·ataegus oxyacantlia. Notice particularly 
the absence of the narrow-leafed evergreens. 

Several years ago the cutting-graft procedure was describ
ed. This technique was especially valuable when the potted 
stocks were not on hand at the proper season. To be of the 
greatest use, the stock-scion must form a quick union. The 
stock must root readily. The stocks need to be slightly larger 
than for cuttings to facilitate handling. Healing of the wot1nd 
is necessary for a successful graft. This process is accomplish
ed by the action, principally, of the cambium layer. Any other 
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cell capable of regeneration, such as phloem, xylem, or ray.,par-
enchyma, may assist in the union. ., 

Examination of this diagramatic section of the Rosa and 
Chae1io1,ieles stem 1·eviews the anatomy of a woody stem. In 
grafting, the vascula1· system of the stem is of the most inter
est. Exte1·nally is the phloem and internally, the xylem. The 
cambium laye1· is a continuous layer between the vascular bun
dles and the ra:i's. The cambium is a meristematic layer which, 
by cell division, produces alternately, potential phloem and xy
lem cells. Young phloem cells are more likely than xylem to 
retain, or revert to, a meristematic condition. 

The xylem has both tracheids and vessels in these genera. 
The gymnosperm has only tracheids and also resin ducts in 
the phloem and xylem. The resin may be beneficial in g1·aft
ing by preventing d1·ying or helping translocate growth mater
ial. It may be detrime11tal as a mechanical barrier between 
stock and scion. 

The pith is generally of limited size in the evergreen, as 
compa1·ed to deciduous plants. The parenchyma cells, which 
make up the pith, perform storage functions. 

The potential development of a graft union of evergreens 
is shown in the photomicrographs using Cupressits a1·izonica on 
Ju1ii7Je1·us .scopulo1·i1m (Blue Heaven). The Arizona C)'press has 
a 1·athe1· na1·row climatic range across the Southern United 
States. Most a1·e p1·oduced by seedage, which are not 11niform 
as 01·namentals 01· Ch1·istmas trees. Cuttings produce satis
facto1·y trees, but are costly to p1·oduce, and are not usually 
available. In 1·ecent yea1·s selected clones have been grafted on 
seedling stocks. Numerous losses have been attributed to root 
rot and othe1· p1·oblen1s. The root system is shallow, and plants 
are up1·ooted by ,vinds. Tliuja has been used experimentally 
as a 1·ootstock to adapt the plant to higher moisture and salinity 
a1·eas. 

Hetz .i uni per and T hi1ja offered several desirable attrib
utes - easily 1·ooted and well adapted to heavy, dry soils, long
lived and easily transplanted when compared to Cupres.,;its. 
Side grafts were used in October, November, and January of 
1965. 

Although propagators and researchers constantly stress 
the importance of 'closeness of fit', microscopically wide separ
ations are generally observed. In any graft union, several 
phenomena probably occur simultaneously. Proliferation of the 
parenchyma cells p1·oduces a functional callus. Both stock and 
scion may produce new cells by division of any cell capable of 
division. Wound necrotic tissue may be surrounded by increas
ing cell numbers. They are compressed into the graft interface 
by new cells f1·om both stock and scion, frequently appearing as 
islands in the union. 

Diffe1·entiation of certain parenchyma cells will become, 
or 1·evert to, cambi,1I cells, completing the cambium of both 
stock and scio11. I11 the ea1·ly growth of a graft, undula.ting 
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growth can be attributed to this regeneration. This cambial 
layer begins to produce xylem cells toward the pith and phloem 
cells toward the outside. Cells in a graft do not 'rearrange' 
themselves, but are the result of new cells being produced which 
differentiate into new functional units. This results in a suc
cessful graft union. None of the grafts using Thuja survived. 
Cell proliferation did not occur at the graft interface, nor did 
the stocks root under the conditions used. 
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MODERATOR SHUGERT: Before we get into our question 
period I would like to make one comment about nomenclature. 
I heard the term or the name Junipe1·ous scopulorum (Blue 
Haven) is in fact (Blue Heaven). This clone was introduced 
to the trade by Plumfield Nurseries in Nebraska in about 1926 
or 1927. 

KEN REISCH : I would like to ask Dr. Ticknor if he has 
seen any problems or a decline with Dr. Huey understock? 

BOB TICKNOR: We have not seen any decline; the plants 
continue living but they are not very vigorous and there is a 
low bloom production. 

MARTIN VAN HOF: I noticed in Dr. Sullivan's slides that 
the scion was growing faster than the understock. These grafts 
were only two years old. Now in the future will it not develop 
that the difference in growth rates between the scion and the 
stock will be such that they will easily break off at the union? 

DR. SULLIVAN: I do not believe the differences in growth 
rates is as great as you have indicated. However, we will have 
to wait for several years before we can be sure. 

DICK STADTHERR: D1·. Ticknor, did you use any of the 
Ames varieties for you1· understock trials? I was thinking of 
varieties 4 and 5 and was wondering how you propagated them. 

BOB TICKNOR: vVe did not use those varieties. The D 1 
that we used was from Ames and in the past couple of years 
we've had one or two others that have gone through the screen
ing trials at the Texas Rose Foundation. We placed some of 
them in the growers' fields because we could not incorporate 
them into our trials and f1·om our observations they were not 
good as far as the nursery stock was concerned. We had about 
four of them but I don't remember at this time what the num
bers were. 
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MODERATOR SHUGERT: At this time [ would like to turn 
the program over to Dr. Stu Nelson for the business meeting. 

PRESIDENT NELSON : Ladies and gentlemen I believe we 
should give a real show of our appreciation to Ralph Shugert 
for a terrific program. Combined with a large number of firsts 
I believe we have had one of the best programs ever here in 
Mobile. Thank you very much, Ralph, for a job well done. 

[Editor's note: The minutes of the business meeting ap
pear at the beginning of the 'Business and Technical Sessions' 
of the Eastern Region.) 

-
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