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C. P. TEAGUE 
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There a1·e ma11y methods of budding a11d g1·afting i11 tise 
today and tip-grafting is .iust one method that adapts itself' 
quite well to avocado propagation. Tip-grafting is nothing new 
to most propagators so I will not get involved in minute de
tails unless someone wishes to know something specific. 

We grow avocado seed in clean soil, in pots on benches. 
By doi11g this we avoid moRt of the fungi problems a11d have 
a minimum of trouble. Cleanliness is very important as the 
seed are forced under high heat a11d humidity. We prefer to 
harvest the fruit before it drops so the seed does not become 
contaminated on the grot1nd. 

Tip-grafting of avocados ,vas first done commercially by 
Walter Beck of Fallb1·ook, Calif. a1·ou11d 1946-48. Sho1·tly 
thereafter, many growers and nurserymen, i11cluding myself, 
adopted the n1ethod. It is a guess that 75 '7,J or more of all 
comme1·cial avocado trees grown today are tip-grafted by the 
method I will describe. 

In our ow11 nursery in Coro11a, Calif. we generally tise the 
same methods as other nurserymen e.xcept that we grow the 
fi1·st stage of the seedling in a ve1·}' small pot to save cost. The 
olde1· method was to g1·ow them in a la1·ge container (mainl)· 
hea,,y tarpaper) f1·om the beginning. This was very expe11-
sive particularly when the per·centage of graft takes was ,,er}· 
poor. 

Most of the seed used is of the Mexican strain. The most 
used varieties are TopaTopa, Duke a11d some selected seedlings. 
Seed is ha1·vested in mid-October thrt1 Novembe1· and imme
diately planted. It is forced in a hothouse at around 80° F. 
with very high humidity. When the seedling is f1·om 15 to 18 
inches in height it is ready to tip-graft. This is usually done 
around February to March, approximately 4 months after 
planting the seed. After the scion bud grows 6 to 8 inches in 
height, the tree i.s repotted into a larger container, grown 
t-hrough the rest of the year and planted out the following 
spring (around March). This means that a tree is planted in 
the field approximately 16 months from seed. Some growers 
plant the trees in the field 8 months after seed planting (in 
July and August) but the tree is rather small and more diffi
cult to care for. 

As to some specifics of our method of avocado tip-grafting, 
our planting medium is a blow sand ,vhich is prevalent in the 
western end of San Bernardino County. It is light but has 
about 25 o/o clay in it which gives it an ability to retain mois
ture. We are using it straight as this is cheaper, but we are 
also tryi11g it combined with peat moss. The soil is fumigated 
,vith n1ethyl b1·omide well ahead of its t1se i:hen placed i11 sn1all, 
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lightweight, ta1·pape1· co11tai11e1·s 2¼." x 21/4." x 8''. These a1·e 
placed side by side in old lemon storage boxes. The seed is 
planted in the soil and then covered with peat moss to keep 
them moist for sp1·outing. · 

When the seedling1o a1·e 15'' to 18'' high they are sepa1·
ated, tip-g1·afted and then placed back into boxes. The ta1·
paper pots give us some tr·ouble as the.}' break down readily 
and the roots gro\v th1·ough them ; we are now experimenting 
with some plastic pots that could be stapled together and the11 
1·e-t1sed. 

The trees are tip-grafted from 6'' to 10'' above the seed 
by making a long sloping cut 011 the seedli11g with a sharp 
knife and then selecti11g scion ,vood of approximate!.}' the same 
size and making a co1·respondi11g cut on it, leaving 1 to 2 buds. 
This scion piece is ttsually f1·om 1 lh'' to 2'' in length. The ct1t 
surfaces are bot1nd togethe1· fi1·mly with budding tape 01· 
bt1dding rubber. The top of the scion is t1·eated with Tre-Seal 
to p1·event loss of moist111·e. 

The grafted trees are kept unde1· high humidity a11d sub
dt1ed light until t.he buds break and start growing. The tape 
is removed when the graft is healed; this is approximately 3 
to 4 weeks after g1·owth has sta1·ted and is 6 inches · long, 01· 
longe1·. Co11stant sucke1·ing of the seedling and scion is nec
essar·y. 

Up to this point, very little cost has gone into the ca1·e 
a11d gro\ving as little space has been taken and little material 
used. Now 1·epotting is done and the trees a1·e shifted i11to 
la1·ge1· containers. For the larger contai11er we are using 
pressed paper· pots that can be buried when planting so that 
there is no disturbance to the roots. We are still experiment
ing with othe1· containers. The paper containers are good but 
they tend to 1·ot out on the bottom before they are ready for 
planting; howeve1·, they are still quite satisfactory. 

MODERATOR TEAGUE: I wot1ld now like to introduce M1·. 
E. F. Frolich, who is well known to all plant propagators in 
sot1thern California. He is ,vith the Department of Agricul
tu1·al Sciences - Plant Nut1·ition - University of California, 
Los Angeles. He will lliscuss both citrus and avocado p1·opa
g,1tio11. Teel -

ROOTING CITRUS AND AVOCADO CUTTINGS 
EDWARD F. FROLICH 

• Unive1•sity of Califo1·nicl 
Los Angele.<?, Califo1·riia 

Many varieties of citrus will make satisfactory trees 011 
their own roots (1). Nurserymen have g1·own Meyer lemon 
and Rangpur lime as 1·ooted cuttings for many years. There 
are own-1·ooted t1·ees of Navel and Valencia orange, Eureka 
anll Lisl)o11 lem<)J1, D,1ncy tangerine, Bearss lime, and Mar·sh 
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g1·apefruit in Califo1·nia, some now over 30 years old. Con
trary to the view held by many nurserymen, citrus trees 
grown from cuttings are not necessarily dwarf. Experience 
has shown that the sweet oranges, such as Washington Navel 
and Valencia, Marsh grapefruit, Dancy tangerine and Bearss 
lime, make trees of about the same size as standard budded 
trees of the same variety. Eureka Lemon in its early years is 
vigorous but tends to be short-lived. Lisbon lemon makes a 
vigorous tree but is ver:}T sub_ject to fungus attack. Navel 
orange on its own roots also has exhibited a greater incidence 
of fungus trouble on the roots than has Valencia as a rooted 
cutting. We can say that citrus trees grown from cuttings 
reach the same size as trees of the same variety budded on 
one of its own seedlings. Cutting-grown citrus t1·ees are not as 
well-anchored in their early years as are trees on seedling 
rootstocks because the former lack a taproot. 

The speed with which cit1·us cuttings form roots varies 
both with the different species a11d the age of the clone. Cut
tings from seedlings, as in nearly all other plants, root more 
readily than cuttings from old cultivars. They tend also to 
send roots down in a. more nearly vertical direction as opposed 
to the more horizontal- growth produced by the latter. The 
acid citrus, such as limes, lemons, and citron root most readily. 
Mandarins and kumquats are slowest to root, grapefruit and 
sweet oranges lie in between. 

The most satisfactory cutting material is the last flush of 
growth that has hardened bt1t not yet sta1·ted a new flush. The 
greatest number of cuttings of this type wot1ld be available i11 
early summer following the spring flush. Cuttings are gen
erally made 3 to 6 inches long and of a single flush. The size 
is not critical; cuttings 2 feet long can be rooted. The import
ant thing is that some leaf area be maintained. In general the 
more leaves functioning the heavier will be the rooting. Cut
tings shot1ld be kept moist at all times during handling to keep 
the leaves turgid. 

Some citrus species benefit from treatment with a root
ing hormone. Indolebutyric acid at 8,000 ppm in talc is most 
generally used. Equally good results can be had with IBA as 
a quick-dip at around 3,000 ppm. The acid citrus gives a 
much greater response to the hormone tr·eatments than do 
oranges, grapefruit, or mandarins. 

Cuttings can be rooted in any equipment that will main
tain a high ht1midity and a fairly good light intensity, either 
a closed case or a mist system. Mist systems are less satis
factory with the slower rooting varieties because of excessive 
leaching which will occur over a period of time. Bottom heat 
at a minimum of 75° F. is beneficial; on some citrus, such as 
calamondin, temperatures around 85° F. minimum may be 
clesirable. 

Twig-grafting ( 1), a method sometimes t1sed, employs 
I.\VC> 01· mo1·e cuttings grafted togethe,·. Two c11ttingR will give 
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a liesi1·ed 1·ootstock-scion combinatio11, three cutti11gs a l·om
bination of 1·ootstock, scion, and inte1·stem. Select mate1·ial 
that is nea1·ly the same diamete1· at the g1·aft. At least one leaf 
on each piece is essential. .!\. splice g1·aft is generally used, 
making diagonal cuts ½'' to 3/~'' inches 1011g. Tyi11g is done 
with 1·affia, plastic, or rubbe1·. We have found a 1·egula1· #16 
stationer's rubbe1· band to be satisfactory. It i:;; not necessary 
to seal the cuts because the humid conditions used will keep 
them f1·om drying out. Unions at the g1·aft should heal in 3 
to 4 ,veeks. Healing of the unions, unlike rooting, is nea1·ly 
the same for all species. Rooting time depe11ds on the piece 
at the base and is little affected by the scion (2). Citron may 
1·oot in less than t"'O weeks, some mandarins may take as 
long as 6 months. We have grafted 10 pieces end to end to 
demonst1·ate how readily the g1·afts heal even though no 1·oots 
a1·e present. 

Avocados a1·e 1·a1·ely g1·own as 1·ooted cutti11gs. Avocados 
g1·own from cuttings a1·e more difficult to handle fo1· the first 
fe,,, years tha11 those on seedling 1·ootstocks. Since most varie
t.ies a1·e difficult and expensive to produce as cuttings, the 
method is limited to g1·owing trees for certain experimental 
uses. Young seedlings (3) and a few old cultivars such as 
Gante1·, Scott, and Zutano can be 1·ooted by 01·dinary methods 
in eithe1· a closed case or unde1· mist. Cuttings of the Fuerte 
va1·iety have been 1·ooted i11 small numbe1·s the same way but 
11ot consistently ( 4). Most commercial va1·ieties, however, 
1·equi1·e a special etiolation process in 01·de1· to p1·oduce roots 
(5). Fo1· the varieties that a1·e difficult to root, it is necessary 
to produce a shoot ,vith a base that has developed in the dark 
and a top that has g1·own in the light. We generally graft the 
desi1·ed ,,ariety onto a seedling g1·owing i11 a small container. 
We generally use a one-qua1·t can, because experience has 
shown that shoots from plants in large containers do not root 
well. After the g1·aft is well established and has made some 
g1·owth, we cut back to buds near the base of the shoots. When 
these buds show signs of growth. we put the whole plant into 
a dark 1·oom at about 75° F. and let new shoots g1·ow about 3 
i11ches. The plant is then b1·ought into the light and the bases 
of the shoots a1·e covered ,vith some material such as vermi
culite to keep them da1·k. The tips are allowed to g1·ow in the 
light. When 3 or more leaves have 1·eached matu1·ity, the 
shoots can be detached near the base and rooted in convention
al p1·opagating equipment. The shoots can also be rooted by 
1·emoving a 1·ing of ba1·k nea1· the base and covering the a1·ea 
,vith some moist material as in ai1· layering. We prefe1· de
taching the cuttings because in ou1· expe1·ience we can use the 
stock plants mo1·e times than when we girdle. Girdling seems 
to weaken the 1·oot system much more than does detaching 
shoots. 

Treatment of avocado cuttings, either etiolated or g1·een, 
with no1·mal concent1·ations of rooting hormones does not 
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seem to help. At highe1· concent1·ations we get tissue damage 
but again with no imp1·ovement in 1·ooting. 

(I) 

('.!) 

( :l) 

('I) 

(5) 

l·l.tl111,1, I' l·, 19:ll '111c 1>1'01>•1g,1t1<i11 of c1t111s Ii)' <..11t1111g, 
J-f1/p;r11(//(I, (i, 131-157 
IZy,111, (~ I', 1·'. I' J•1<>l1<,l1 .• 111tl ·1· I', K111,cll.1, I !l!,8 s,,111c l,1<..t<>1, 111l l11c11t.• 

111g 1t><>l111g ,if g1,1ftc<I c11t1111g, /'1,,r A1n<'1 .,·,,c H<J>f .~r,, 7'.! 4">·1-·ll>I 
l•:ggc1 ,, I~ R ,111<! I• I' l·l,1l111a, 1936 1'101>,1g,1t111g tl1c .1,•o<..1<1,, liy 111c.111, ,,I 
stc111 c11tt111g~ Calif A11<ic,1d<J A1,<Jl1<1/1<i11 }'e,11/Juul,, 19:l(i (i3-l>(i 
l➔ .1,L,, ;\ R c:. 1937 1•1·,,1>,1gal1011 ,,r tl,c l·11c1 IC ,l\'()(..,t(l<J IJ) lllC,lllS <>I le.ti)' 
1 ,,•1g t.1111111g, c;,,/1/ A11,,c,1d,, A ,,uc1,1t 1,111 }' ,:,11 IJ<iull I 937. I 2<,-131) 
l·1ol1cl,. I· J,', 19:'il R<Jt>t111g (;11,1tc111,1l.111 ;11·oc,1<lt1 c111t111g, C,,/1/ Avoc<1,lu 
,4 1.1<Jll<ll 1,111 }' e,1, /Juul, I 951 : 136- I 38 

MODER.<\.TOR TEAGUE: Thank you. Ted. Next we will hea1· 
f1·on1 M1·. Paul Moo1·e, University of California, Riverside, 
,,,ho will continue the discussion on citrt1s p1·opagation. Paul : 

PROPAGATION AND GROWING CITRUS NURSERY 
TREES IN CONTAINERS 

PAUL W. MOORE 
U rlive·1·s1:ty of Calif <11·r1i<i 

Rive·1·side, Calif 01·rlia 

'l'he field p1·opagatio11 of cit1·us nu1·se1·y t1·ees is an old 
p1·actice. Succes.sful nurse1·y techniques a1·e well established 
and reasonably standa1·dized th1·oughout the citrus producing 
a1·eas of the wo1·ld. Until 1·ecent yea1·s, citrus nurse1·ymen 
have shown but little inte1·est in g1·owing their t1·ees in con
taine1·s. Orcha1·dists have been equally hesitant about plant
ing container-g1·own stock. Howeve1·, within the last decade, 
ce1·tain developments related to nu1·sery tree certification, 
land and labo1· availability, automation. and t1·anspo1·tatio11 
costs have gene1·ated a new inte1·est in container-g1·owing sys
tems for citrus. 

Fo1· many yea1·s, the University of California, Citrus Re
search Cente1·, has been g1·owing t1·ees in containers for re
search purposes. Thousands of such trees have been planted 
in ou1· 01·chards and have pe1·fo1·med as well as field-grown 
nursery t1:ees. The consequence of our favorable experiences 
was a decision to discontinue ou1· field nurseries in favor of 
container growing. Some of the advantages which led us to 
this decision are listed below: 
Advcintages : 

1. Stancla1·clizecl soils 
Soil mixes can be sta11da1·dized for physical arid 

11t1trient cha1·acte1·istics. Flexibility in selecting mixes 
tailo1·ed for specific needs is also possible. 

2. Pest-f1·ee soils 
Steam sterilization 01· pasturization gua.rantees 

f1·eedom from soil-borne diseases, pests and weeds. 
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3. F e1·tility cu1it1·ul 
F1·equent applications of clilt1te fe1·tilize1· solu

tio11s t.h1·ough the i1·rigation S)'stem and ease of ma-
11ipulati11g fe1·tilize1· amounts a11d 1·atios b1·i11g about 
optimum g1·owth. 

4. Lo1ve1· s JJace ( la1·id) 1·e11ui1·e·111 er1.ts 
A space 1·equi1·ement of one sqt1a1·e foot pe1· t1·ee, 

i11cludi11g ,vo1·ki11g aisles betwee11 beds, is satisfacto1·y 
con1pa1·ed to th1·ee 01· fot11· sc1t1a1·e feet pe1· t1·ee i11 field 

• g1·ow1ng. 
5. Sliu1·te·1· _q1·0·1vi1i,q cycle.s 

By t1s i11g plastic g1·ee11houses, g1·ov-1th ,·ates a1·e 
inc1·eased and the effecti,,e annual g1·0,ving seaso11 is 
p1·olonged. Budded t1·ees 1·eady fo1· planti11g to or
cha1·d locations can be grov-1n i11 14 to 18 months from 
seed pla11ting. Two to three yea1·s a1·e 1·equi1·ed fo1· 
field g1·owing. 

6. Lo1ve1· f1·ost JJ1·otectio1i costs 
The high concentration of t1·ees unde1· plastic pe1·

mits automated temperatu1·e cont1·ol at lov-1e1· labo1· and 
ft1el costs pe1· unit a1·ea than a1·e 1·eqt1ired tinder field 
co11ditions. 

7. Pe1·nianent g1·01ving site 
Containe1·-g1·owing pe1·n1its the t1se of a pe1·man

e11t location and eli1ninates the usual p1·actice of mov
ing to nev-· g1·ound fo1· each successive nu1·sery. 

8. Potential auto1nation 
P1·ope1· system design ca11 automate i1·rigation a11d 

ten1pe1·atu1·e cont1·ol. 
9. Sali11.ity cont1·ol 

Unde1· a combination of field conditions, includ
ing the use of i1·rigation wate1·s co11taining f1·om 250 
ppm 01· mo1·e of dissolved salts applied in fur1·ows be
twee11 the nu1·se1·y 1·ows, in.iurious saline conditions 
may develop. The use of well-drained soil mixes and 
i1·1·igation p1·actices, which include adequate leaching, 
eliminate this haza1·d in container-growing systems. 

10. No setback iuhen t1·a1isplariting to field. 
Balled t1·ees expe1·ience a ten1pora1·y setback when 

moved from the nu1·sery to the orchard. The g1·owth 
of containe1· trees is uninte1·1·upted by t1·ansplanting. 
Although the younge1· containe1· grown nurse1·y trees 
a1·e usually of smalle1· calipe1· when planted in the or
chard, afte1· one season in the field, they frequently 
make up the size diffe1·ence because no recove1·y period 
is 1·eq ui1·ed. 

SJJecial p1·ecautiot1s 
Co11taine1·-g1·0,vi11g is 11ot free of p1·oblems and ce1·tai11 

hazards must be 1·ecognized, anticipated, and preventive meas
ures taken to avoid them. Some of the p1·oblems ,vhich have 
been experienced a1·e (1) correct pH control, (2) micronutri-
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e11t lleficie11cies, (3) 1·ootbi11ding, ( 4) salinit)r, a11d '( 5) 1·oot 
diseases. 

The first three p1·oblems a1·e associated with the limited 
,,olume of soil used in conveniently sized containers. Salinity 
is associated with poo1· i1·rigation or fertilization p1·actices, 
}lnd 1·oot diseases with inadequate sanitation control. 

1. J)H co1it1·ol 

2. 

., 
i). 

4. 

The optimum pl-I 1·a11ge fo1· cit1·us lies bet,veen 5.5 
6.5. pH values above 7.0 adve1·sely affect mic1·onu
t1·ient uptake. Poor growth occu1·s in soil ,vith 
values below 4.5. App1·oximate pH of the soil solution 
can be determined by pe1·iodically collecting and test
ing the leachate that runs out of the drainage holes of 
the containe1·. Soil pH can be regulated by varying 
the ratio of calcium nit1·ate and ammonium nitrate 
in the liquid feed prog1·am. Calcium nitrate will in
c1·ease pH and ammonium nitrate will lo,ver it. A 
liquid feed p1·og1·am will be discussed later unde1· the 
caption ''Liquid Feeding''. 
-iif ic1·onitt1·ient deficiencies 

Micronutrient deficiencies can be p1·evented by 
additions of approp1·iate amounts of micronutrients 
to the soil mix and by controlling pH within the de
si1·able range discussed above. Amounts used in out· 
mixes will be discussed under ''Soil Mixes''. 
Rootbinding 

Rootbinding resulting from holding t1·ees in con
tainers too long is a distinct haza1·d. We have ex
perimented ,vith seve1·al can sizes and have standard
ized on a nominal ''2 gallon'' ( actual capacity about 
1.4 gallons) container, 81/2'' in diameter and 81/2'' 
deep. Citrus can be g1·own in these for as long as one 
yea1· without root binding. After one year, the trees 
should be planted into the field or 1·e-potted into lar-
ge1· containe1·s. 
Salinity control 

Dissolved salts from fe1·tilizer 01· saline ir1·iga
tion water sources must be kept within the tole1·ance 
range for citrus. One way to achieve this is to pu1·
sue a liquid feed program which applies dilute fertili
ze1· solutions frequently in sufficient amounts of ir1·i
gation water to cause some leaching with every wat
ering. We periodically run conductivity tests on the 
leachate collected fo1· pH determinations and aim to 
maintain the soil solution below 3 millimoles/cm. 

5. Disease p1·evention 
Steam ste1·ilization is the first line of defense 

against soil-bo1·ne diseases and pests but carelessness 
in sanitation control may allow the reintroduction of 
disease 01·ganisms. Frequently, introduced pathogens 
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will cause more extensive damage in sterilized soils 
than they would in non-ste1·ilized soils. Strict measures 
should be followed to prevent contamination of tools, 
hoses, soil, and growing premises. 

0'Yl.e s11stem of container g1·owing 

It is recognized that there are many successful variatio11s 
that can be used to grow quality citrus nursery stock. The 
system described herein is one that has been used with satis
factory results by our nursery for the past two years. The 
soil mix selected is one used successfully for several years by 
a g1·oup performing virus indexing, a program demanding 
vigorous plant g1·owth free from micronutrient or other leaf 
patterns that would interfere with the reading of virt1s symp
toms. The liquid feed p1·og1·am was also proven by the virt1s 
indexi11g group. 

S(Jil Mix 
The soil mix desc1·ibed below combines good physical 

characteristics, with good internal drainage, good soil mois
ture retention and moisture release characteristics, and ade
quate starting levels of nutrients. 

The initial addition of phosphorous as single super-phos
phate, calciun1 as calcium carbonate lime_. and magnesium as 
dolomite lime appea1·s to provide satisfactory amounts of 
these elements for at least one year. Nitrogen and potassiun1 
are provided in the original mix and supplemented by the 
liquid feed. Mic1·onut1·ients are provided in the original mix. 

D1·11 Mix 
The following mate1·ials 

for two or three minutes. 
are mixed dry in a cement mixe1· 

Mater·ials 

Canadian peat moss 
Fine sand 
Redwood shavings 
Single super-phosphate 
Calcium carbonate lime 

A niourit 7Je1· cul>ic ?J(i1·rl 

10 cu. ft. 
10 cu. ft. 

7 cu. ft. 
21/:! lbs. 
11J~ lbs. 

To the dry mix, add the following ingredients in suffici
ent water ( 15 - 25 gal.) to insur·e good distribution of the nu
t1·ients through the soil but not enough to cause drainage of 
free water from the mix. Agitate the mixture sufficiently to 
keep the dolomite in unifo1·m suspension. 

Mate1·ials A m.(1urit JJe1· culJ•ir; 11r1:1·rl 

Potassium nitrate 
Potassium sulfate 
Dolomite lime 
Mic1·01111trients (see l>elt)\v) 
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4 oz. 
4 oz. 
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M-ic1·oriut1·ierit .c;t<Jck sol-ttt-io-n 
Materials Amount/gal 

distilled water 
Copper sulfate 1.9 oz. 
Zinc sulfate 0.8 oz. 
Manganese 

sulfate 
Ferrous sulfate 

0.6 oz. 
2.2 oz. 

Appx. ppm in soil 
(dry basis) 

25 Cu 
10 Z11 

10 Mn 
25 Fe 

Liq'1,tid feed 
Several variations of liquid feed formulas could give sat

isfactory results. Only t,vo are st1ggested below: 

l,iqitid feed A 

Mate1·ial 
Calcium 11itrate 
Ammonium nitrate 
Magnesium sulfate 
Potassium nitrate 

Liq1tid feed B 

Material 
Ammonium nitrate 
Potassium chloride 

Amot111ts pe1· 100 gal. wate1· 
applied 
4 oz. 
4 oz. 
4 oz. 
1 1/: oz. 

Amounts per 100 gal. wate1· 
applied 
8 oz. 
31/~ oz. 

Calcium nitrate may be substituted for part or all of the 
ammonium nitrate for pH control purposes. Since calcium ni
trate contains approximately 16 % nitrogen and ammonium ni
trate 33 % , twice as much calcium nitrate should be substituted 
for each unit of ammonium nitrate. 

Note that the amounts are per 100 gallons applied. If pro
portioners are used, proper ratios of concentrate to applied 
amounts should be calculated. 

pH control can be obtained by varying the ratio of cal
cium nitrate to ammonium nitrate. Calcium nitrate will tend 
to raise and ammonium nitrate to lower pH valt1es. 

Typical propagation sequence 
Compared to field g1·owing, one advantage of the contain

er system which also utilizes plastic growing structures is the 
great flexibility one has in performing the sequential opera
tions such as seed planting, budding and forcing. One can 
perform any of these at almost any time of the year. The pre
fe1·red cycle in areas climatically similar to Riverside, California 
• 
IS : 
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1. Sow seed in seedbeds containi11g the soil mix desc1·ibed 
above in March or April. Seed should be spaced to allow about 
three to four square inches per seed. 

, 2. Transplant seedlings into 2-gallon containers from July 
to Septembe1·. We ha,1e standardized on a tapered, flexible 
pot. These pots nest and require relatively little storage space. 
They also have a smooth, non-corrosive wall and the plants 
can easily be removed at planting time by inverting the pot and 
tapping the rim. They can be steam sterilized and appear to 
be reusable for at least three g1·owing cycles, thereby 1·educ
ing the container costs per tree. 

3. The more vigo1·ous, commonly used rootstock varieties 
st1ch as Troyer citrange, Carrizo citrange, Rough lemo11, 
Cit1·us mac1·ophylla, and sweet orange are ready for potting 
fi1·st. They ,viii be ready to bud as early as Septembe1· but 
can be held until the follo,ving March when it is easier to 
fo1·ce buds. In a warm plastic house, Septembe1· bt1ds can be 
forced to produce plan table trees by June or July of the seco11d 
growi11g season. March budding will give plantable lemons, 
g1·apef1·uit, or oranges by July or August but normal planti11g 
Rchedules dictate orchard planting the following spring. 

The cycle is longe1· when the dwa1·fing stock. Ponci1·us 
t1·ifol·iata, the trifoliate 01·ange, is used. The above seque11ce 
is followed through transplanting but budding is best pe1·
formed in the spring after the seedlings start their sp1·ing 
growth. Scions grow more slowly on trifoliate stocks and 
will require a full year to 15 months after budding to attain 
planting size. 

fl·ttdding and g1·afting techniques 

Our budding techniques are similar to those used in field 
propagation but some modifications have been made to ac
commodate smaller stock seedlings. Field grown rootstock 
seedlings may be 18 to 24 months old at budding time and will 
have attained a caliper of ¼'' to 3/s''. 

Under ou1· container-gro,ving sequence, rootstocks are 
transplanted when they are fot1r to five months old. The 
vigorous growing varieties may be budded as young as six 
months. In nearly all cases, they will have been budded be
fore they are one year old. Caliper will range from ~Iii'' to ¼''. 
For these smaller stocks, we prefer a veneer or chip bt1d over 
the conventional shield bud. 

We have also used the ''microbud'' technique which was 
probably first used by Ian Tolley of Renma1·k, South Aus
tralia. Microbudding uses only the small bud, seldom more 
than 3/16'' long, without any surrounding wood or bark tis
sue. It is inserted be11eath the stock bark into an inverted ''T'' 
cut. The advantage of microbudding is that very small stocks 
or very small budwood can be titilized when either situation 
mt1Rt be met. Polyethylene tape is used to ,v1·ap the bt1ds 
and is removecl afte1· they have healed in. 
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Tip g1·afting may be used u11der greenhouse conditions. 
One of the larger lemon plantings at the University's South 
Coast Field Station was propagated i11 this manner. 

Buds are forced into growth by either of two methods of 
lopping. ( 1) cutting off the rootstock seedling above the bud 
or (2) bending the seedling back upon itself and tying into 
position like an inverted ''U'' with the upper bend a few 
inches above the bud. The first method is performed afte1· 
the bud has healed in The second may be done immediatel)' 
following budding or after the bud has healed in. In the sec
ond method, the portion of the lopped seedling which remains 
above the bud is left until the bud has grown to a height of 
28'' to 30'' and then removed by a clean, smooth cut. 

When the buds have reached a height of 30'' to 36'', they 
are tipped at about 28'' to induce lateral shoots or ''head'' de
velopment. 

01·chard pe1·f 01·1nance 
Certai11 pre.i11dices against container-g1·own citrus trees 

are held by growers. Their greatest concern is about root
binding and its effects on future root development and fruit 
production. Properly handled, that is held no longer than one 
year in 2-gallon pots or moved up to egg cans or 5's if longer 
holding periods become necessary, the trees will develop nor
mally and be equivale1nt to those from field-grown, balled nur
sery stock. We have planted several thousand trees grown i11 
No. 10 cans, full gallon canR, egg cans, and 5's. All have 
grown normally. Some have been dug up two, three and 
five years after planting and found to have root systems com
parable to those grown from balled nursery trees. 

Anticipated changes 
We have an experiment in progress which compares the 

early orchard performance of nursery trees grown in three 
container sizes, No. 10 cans, 2-gallon pots, and 4-gallon egg 
cans. Three soil types, fine sand, UC soil mix ''H'', and a 
local Ramona sandy loam, we·re used in each of the three can 
sizes. Although the experiment is still in progress, three 
trends have been observed: 

1. The larger container sizes required less frequent irriga
tion and thus would have lower maintenance labor costs 
where hand watering is performed. 

2. The trees from the 4-gallon containers had more ex
tensive root systems at planting time and have developed 
more extensive root systems in the orchard site during the 
first three months following planting. There are still no ap
parent size differences between tops. As yet there are no 
consistent differences in top gro"\\•th due to container size 01· 
soil mix. 

3. For the first two months after transplanting to the 
orchard, trees in the local Ramona soil, which is similar to the 
01·cha1·d soil, ct1·iect less r·apictly an<l ret1ui1·e<l lesH f1·er1t1e11t it·-
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t·igatio11 thctn t1·ees g1·0,v11 i11 eithe1· the sa11d 01· soil n1ix. 
These ve1·y limited results suggest that furthe1· studies 

should be undertaken to obtain more precise data on the inte1·-
1·elationships between container sizes, containe1· soil-orcha1·d 
soil inte1·actions, and the fi1·st j'ea1·'s pe1·formance of trees in 
the 01·chard. 

MODERATOR TEAGUE: Thanks fo1· a ve1·y inte1·esting dis
c11ssion, Paul. Now, a1·e there any questions? 

VOICE: Paul, would you comment fu1·the1· about these mi
c1·obuds? You say you have to fo1·ce them out real fast. 

PAUL MOORE: Yes, they are so small that the callus 
a1·ou11d the cut "'ill bu1·y them if they'1·e not forced into g1·owth 
1·apidly. One way of doing this is to actually lop the seedling 
at the same time you bud. That is, inse1·t the bud and lop it 
at that time. The bud ,vill heal and will force a little mo1·e 
1·apidly than if you allowed, say th1·ee ,veeks fo1· it to heal, 
and then lop it. 

BRUCE BRIGGS: Did you try to use any liquid ho1·mones 
sp1·ayed on the avocado leaves to help stimulate root fo1·ma
tion up the stem'? 

CRAWFORD TEAGUE : W e',,e never used any hormones i11 
avocado propagation at all; they seem to be useless on avo
cados. 

VOICE: Have you had a11:i' success i11 1·ooting kun1t1uats 
a11d other difficult cit1·us? 

TED FROLICH: We have wo1·ked with kumquats some; 
we find that, unlike othe1· citrus, we have to cut the t1·ee back 
hard to get ve1·y 1·ank tho1·ny, angled shoots; we can root 
such wood but when we get it 1·ooted we still don't get a very 
good plant - not nea1·ly as good a plant as if you bud it on 
another rootstock. Kumquats are rathe1· poo1· on thei1· own 
1·oots. We would 1·ecommend against it. 

CRAWFORD TEAGUE: We've budded kumquats on T1·0.)'e1· 
citrange and T1·ifoliate 01·ange; they make ,,ery fine t1·ees. 

GENE BACIU: What varieties of citrus seeds p1·oduces the 
t·astest g1·owing seedling in the nu1·se1·y? 

PAUL MOORE: Usually the acid types of citrus,, such as 
Rough Lemon 01· Cit1·us 1nac1·opliylla, g1·ow ve1·y 1·apidly. Also 
some stocks, such as Troyer and Ca.rrizo citrange p1·oduce 
very good trees in contrast to the more dwa1·fing stocks like 
Trifoliate 01·ange. The most rapid g1·0,,1ing would be Rough 
Lemon, Cit1·us macr·ophylla, and Rangpu1· lime - very vigor
ous rootstocks. The Rangpu1· lime is ve1·y subject to brown 1·ot 
gun1mosis, so is not a p1·efer1·ed stock. Rough Lemon is 1·e
sistant to gummosis and is commonl:ir used in the 01·namental 
trade because of its rapid growth. T1·oyer citrange is 1·esist
ant to these 1·oot diso1·de1·s a11d is also a vigorous 1·ootstock, 
imparting a couple deg1·ees of f1·ost resistance to the tree and 
produces good quality f1·uit, too. 
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VOICE: A1·e con1me1·cial cit1·us g1·owe1·s 1·eluctant tl> ttse 
11t11·sery t1·ees g1·own in containe1·s? 

PAUL MOORE: Yes, the1·e is a 1·eluctance; I think it stems 
f1·om the feeling that anything g1·ow11 in a containe1· is apt to 
be pot-bound and will 11ot give good perfo1·mance. This is one 
1·easo11 why I spe11t a little time with the slides showing that 
11orn1al 1·oot systems can develop f1·on1 containe1·-g1·ow11 t1·ees; 
,,,hen n1oved out p1·ope1·ly I clon't believe the comme1·cial g1·ow
e1· has anything to fea1· f1·om this. We might desig11 a bette1· 
shapecl pot. I thin!{ the ideal co11taine1· ,vould be two pots 
deep ancl 011e pot in diamete1·. This ,vould give somethi11g 
that is simila1· to the size of a balled and bu1·lapped comme1·
cial tree, and in fact I could have shown J'OU son1e pictu1·es of 
11·ees that we1·e grown in a double egg can, one on top of the 
<>the1·, with excellent 1·oot development - no twisting 1·oots -
that would be e·ve1·y bit as good as f1·om a field-g1·own nu1·se1·y 
t1·ee. Maybe befo1·e the pre_judice is ove1·come, ho,vever, the 
comn1e1·cial cit1·us nu1·seryman may have to go to a pot that 
is, conceivably. a bctte1· shaped pot in the mind of the 01·
cha1·dist. 

CRAWFORD TEAGUE: I might poi11t out that ,ve'1·e g1·0,v
ing quite a few thousand containe1·-g1·own t1·ees, and we're 
also putti11g them out in ou1· own g1·oves. If ,,,e'1·e 11ot af1·aid 
to t1se tl1em, and if ,ve can show good t1·ees in the field afte1· 
seve1·al :)'ears, pe1·haps most of ou1· customers will go along 
,vith this p1·ocedu1·e - but they'1·e ve1·y 1·eluctant to change. 

RON IIuRov: vVl1at a1·e the p1·oblems associatecl ,vith 
g1·owth of a,,ocado ct1ttings 011ce they're 1·ooted '? 

TED FROLICH: They _just seem to be tempe1·me11tal 1·01· 
iibouc a yea1· or two. If any thing happens to defoliate them, 
the pla11ts will die. On the othe1· ha11d, if you have a seedling, 
you could })ick all the leaves off it but it ,vill _just grow ne,v 
leaves and eve1·y thing will be fine; an avocado cutting in its 
ea1·ly stages - fo1· a year 01· two - is a very tempermental 
thing. If we cut them back to graft them, we very often lose 
them. Once they get up to a ce1·tain point, tl1ey grow _just as 
,veil as seedlings; we clon't know basically what the trouble is. 

' 
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THURSDAY AFTERNOON SESSION 

October 13, 1966 

VICJ<~-PRESIDENT HENRY ISHIDA: Ot11· fi1·st pa11el this a:t'
te1·11oon ,viii be on Soils and Ft1n1igation and the M oderato1· is 
Di·. Robe1·t Tickno1·, from the No1·thern Willamette Valley Ex
Jle1·iment Station, Au1·01·a, 01·egon. 

MODERATOR TICKNOR: Thank you, Hen1·y. To get sta1·t
e<l we will have Je1·1·y Hanes of T1·i-Cal speak to us on chem
ical fumigation. This ,viii be for field produ'ction, I unde1·
sta11d. Je1·1·y: 

CHEMICAL FUMIGATION 
GERALD L. HANES 

T1·i-Ca.l, Irle. 
/Jlace11tia, Califo1·rl·ia 

Soil ft1migatio11 in Califo1·nia has clevelopecl ve1·y 1·apidly 
(iu1·ing the last few yea1·s. This 1·ece11t rapid development has 
uee11 ma inly th1·ough the utilizatio11 of the ve1·y volatile fumi
gant, methyl b1·omide. P1·io1· to this time control of weeds, 
11ematodes. a11d fungi b)' fumigation was accomplished with 
the slo,vly volatilizing chemicals. 

The1·e still are la1·ge ac1·eages being t1·eated ,,,ith these 
less volatile fumigants. Son1e of the most common chemicals 
t1sed a1·e dichlo1·op1·opane-dichlo1·0-p1·0pene (D-D), ca1·bo11 bi
st1lphide, methyl isothiocyanate, chlo1·opic1·i11, ally! alcohol, }lncl 
dib1·omochlo1·opropane (DBCP). 

The individt1al fumigants have thei1· own application 
techniques and soil requi1·ements, and it is not possible to list 
a set of rules applicable to them all. Gene1·ally, however, they 
1·equi1·e the following: soil moisture in excess of 40 % field 
capacity but less than 80 % field capacity. It is best that the 
soil be moistened and the moisture maintained ten days be
fo1·e applic;ation of the fumigant. The soil should be wo1·ked 
to seecl bed condition and 1·ototilled if necessary. The applica
tion of fumigants is gene1·ally clone th1·ough chisels mounted 
on a tracto1·. The chisel spacing ,,a,·ies from 4'' to 12'', de
pende11t upon the diffusion patte1·n of the fumigant. DeJlth 
of application is also depende11t upon the diffusion patte1·n 
and is from 4'' to 8''. After application of the fumigant, the 
soil is usually packed, and in some i11stances a light ,,,ate1· 
seal is applied. With the inc1·ease<l use of tarp layers so1ne of 
the slo,vly volatilizing fumigants a1·e being sealed i11 with 
polyeth)rle11e film. Afte1· lying undisturbed fo1· not less than 
ten days the soil can be wo1·ked. The soil cannot be planted un
til the fumigant has escaped. This aeration period ma)' va1·y 
from 10 to 90 or more days depending upon the ft1migant 
used, the dosage, soil temperature, and soil moisture. 

63 



P1·io1· to about 1957, the ve1·y volatile material, n1ethj1l 
IJ1·omide, had limited use becat1se of its cost and difficult ap
plication. Fumigation was accomplished by introducing methyl 
bromide beneath a gas tight ta1·paulin that was slightly raised 
above the a1·ea to be treated and sealed at the edges by soil. 
This method is still used for fumigating flats of soil or small 
areas such as golf greens. More fumigant must be used with 
this method, so the cost of material would be about $400. The 
cost of labor is also very high. In 1956 work was commenced 
in introducing methyl bromide into the soil through tractor
mounted chisels and covering the area with a gas-tight tar
paulin by hand afte1· the in.iection was made. The methyl b1·0-
mide was diluted \Vith a petroleum hydrocarbon to reduce its 
vapor pressu1·e, thus slowing its escape from the soil so there 
was time to sp1·ead the tarps ove1· the area. 

This n1ethod was quite an advancement for several 1·ea
sons. I1t reduced by half the amount of methyl b1·omide re
tJui1·ed. It was no longer necessary to raise the ta1·paulin 
off the soil and therefore thinner and cheaper tarpaulins could 
be used. It enabled the utilization of larger tarpaulins. Labor 
was reduced from $100 pe1· acre to less than $20. The above 
factors reduced the cost by more than half and thereby made 
its use on large-scale operations practical. 

In 1961 tarp-laying machines came into use. The first 
models we1·e quite c1·ude, but their effectiveness is p1·oven by 
the large numbe1· of improved machines that a1·e being used 
today. The major facto1· in the development of this tarp-lay
ing technique was the plastic film p1·oducers ability to produce 
film thin enough to use once, then throw away. By using tar
paulins that are disposable after using only once, fumigation 
can be accomplished in a very short period of time, and labo1· 
1·equirements can be drastically reduced. A machine can han
dle much thinner mate1·ial without damage than can be 
handled by men. Also tarpaulins can be laid by machine un
der weathe1· conditions that would 1·ende1· othe1· methods of 
application very difficult, if not impossible. The machine ap
plication of tarps is now pe1·f ected to the extent that it is pos
sible to lay between 10 and 20 acres of ta1·p pe1· day. 

Chloropic1·in is used mainly fo1· high activity against soil
lJ01·ne plant disease 01·gar1isms. Its weed and nematode con
t1·ol qualitie,s are not satisfactory when its cost is taken into 
consideration. Methyl b1·omide, at weed and nematode con
trol dosages, is not satisfacto1·y for control of soil-borne dis
eases. Methyl bromide, however, has disease control prope1·
ties, as chloropicrin has weed and nematode cont1·ol p1·oper
ties. Expe1·imentation was commenced to evaluate mixtu1·es 
of these two mate1·ials. It "'as found that a mixtu1·e of 100 
pounds methyl b1·omide and 200 pounds chloropicrin per 
acre controlled nematodes, most weeds and most disease organ
isms. Also a mixtu1·e of these fumigants in opposite propor
tions ( 100 pounds chloropic1·in a11d 200 pounds methyl bro-
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mide) perfo1·med 11ea1·l.'l' as ,,,ell. Today, if methyl b1·omide is 
to be used, chlo1·opic1·in is generally added to give disease con
t1·ol as a bonus. If chlo1·opic1·in is to be used, methyl bro
mide is added to give weed and nematode control as a bonus. 
The added cost by these additions is not excessive because the 
tJualities of each fumigant a1·e enhanced by the action of the 
other. Aeration of soil fo1· two days is sufficient following 
methyl bromide fumigation. Ten to 14 days a1·e re<1uired for 
methyl bromide-chloropic1·in co111binations. 

Gene1·ally the e·nd 1·esult of a fumigation is failu1·e when 
the principals are not thoroughly familiar with the fumigants 
they a1·e using, 01· if they a1·e unaware of the susceptibility of 
the weed seed or pathoge11 to be controlled. Failure can and 
most likely will occur, i1·respective of the fumigant used, if 
improper application techniques are used, 01· if soil condition 
1·equire,ments are not met, or if an inco1·rect dosage is applied. 

MODERATOR 'fICKNOR: Thank you, Jerry. Our next 
speaker is one whom I think most of you know, M1·. 0. A. 
l\1atkin. He will speak to us on recent developments in soil 
n1ixes. Mi·: Matkin: 

SOIL MIXES 
0. A. MATKIN 

S<1il a1·Lcl Plant Laborato1·y, !1Lc. 
Orange, California 

'fhe te1·m ''soil mix'' is rapidly becoming a misnomer. In 
1·ecent yea1·s there have been millions of plants sold which 
neve1· saw ''soil'' as such. In the past two decades we have 
seen a radical departure from the old ''green thumb'' ap
proach to plant production. The beginning of a new philoso
phy p1·obably had its start with the John Innes approach in 
England. With the publication by the University of Califor
nia of Manual 23, titled ''The UC System For P1·oducing 
Healthy Container-Grown Plants'', an overall philosophy was 
ot1tlined which has become an accepted approach throughout 
the world. In any final analysis of events which have occurr
ed and will occur, economics must be accepted as the domin
ating facto1·. 

Since the number of potential soil mix preparations is 
infinite, we should look first at the unde1·lying economic fac
to1·s which must influence our choice of formulation. 

1. Cost of raw materials is an obvious consideration. 
Why pay $5 fo1· something which can be obtained in 
equal quality fo1· $2.50? The term ''quality'' is not al
\Va.')'S easily defined, but must inevitably show up in 
some phase of economic evaluation. 

2. Cost of mixing can be a substantial factor. Equip
ment, man-powe1·, and sto1·age areas all have values 
which can be assigned. Materials which are difficult 
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mide) perfo1·med 11ea1·l.'l' as ,,,ell. Today, if methyl b1·omide is 
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n1ixes. Mi·: Matkin: 
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0. A. MATKIN 

S<1il a1·Lcl Plant Laborato1·y, !1Lc. 
Orange, California 
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to blend may be ve1·y costly to use fo1· that 1·easo11. Tl1e 
time is coming whe·n specialists ,viii prepare custom 
mixes to save the g1·0,ve1· and the landscaper tin1e and 
money. The1·e a1·e already a fe,v instances of this 
type of activity. 

3. Cost of t1·ansportatio11 is becoming a11 inc1·easingly im
po1·tant facto1·. Not only does the soil a11<l the contain
e1· have to be t1·a11spo1·tec! within the confines of the 
prod11ction a1·ea, b11t long-distance shippi11g may also 
be i11volvect. It is no longe1· 1111usual fo1· Califor11ia
grown containe1· plants to be sold in Eastern Unitecl 
States. Some are e,,en shipped ove1·seas. 

4. Cost of cultu1·al ca1·e can also be i11fluenced bv soil 
0 

mixes. 'fhe more po1·ous mixes usually 1·eq11i1·e mo1·e 
f1·equent applicatio11 of both wate1· and fertilizer. Usu
ally the cost of these items is not conside1·ed a ma.io1· 
investment, but cost of application of fe1·tilize1· and 
wate1· can be very impo1·tant. ,vith the modern mixes 
and the need fo1· mo1·e p1·ecisely cont1·olled cultural 
conditions, it is not su1·prising to find automatic i1·ri
gation and constant liquid-feed injection becoming 
common place. 

5. Cost due to ove1·head du1·ing the pe1·iod of g1·0,vth is 
commonly figured i11 te1·ms of cents pe1· squa1·e foot 
pe1· month. Since this type of ove1·head is inescapable, 
it follows that the more 1·apid the growth and devel
opme11t of plant mate1·ial to point of sale, the lower the 
overhead investment in the p1·oduct. Both uniformity 
of growth a11d speed of g1·owth become impo1·tant, since 
g1·0\\1ing a1·eas invol,,ed often can not be replanted 
until the last plant has been 1·emoved. Nume1·ous g1·0\\'
e1·s have repo1·ted as much as a 50 % reduction in 
g1·0,,1ing time by converting to mo1·e modern methods. 

6. Cost of p1·oducing ''quality'' plants might well be con
siderecl as an additional factor. Altho11gh growing 
media a1·e f1·equently held responsible fo1· this vague 
prope1·ty, it is more often the result of c11ltu1·al ca1·e 
and envi1·onment. Such simple tasks as trimming and 
and spacing at app1·op1·iate stages of g1·owth often make 
the diffe1·ence between a saleable and an unsaleable 
p1·oduct. Fa_st p1·oduction methods requi1·e ale1·t grow
ers and constant attention. 

With full appreciation of the foregoi11g underlying infl11-
e11ces, one should be p1·epared to attack the task of soil mix 
fo1·mulatio11 f1·om available mate1·ials and get the desired 1·e
s11lts. 

DESIRABLE CHE1l;JICAL PROPERTIES 

1. Low sali11ity is no1·mally 1·equired and desirable, though 
in some instances slightly elevated salinity may produce a 
better quality product at the expense of speed of growth. This 
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has been evide11t i11 such c1·ops as pot mums whe1·e height 
cont1·ol is important and in the production of ce1·tain vegetable 
pla11ts st1ch as cele1·y and tomato seedlings for transplant into 
the fielrl. 

2. ''Optimt1m'' fe1·til1ty is a11othe1· desirable feature un
de1· most ci1·cumstances, but again, the1·e are some condi
tions \\'here this rr1a.)' not be the case. Fo1· instance, there is 
the bedding plant g1·0\ve1· ,vl10 wishes to hold back a11 early 
planting of petunias so that it will be i11 saleable state at the 
peak of the season. He may omit nitrogen and allow the 
plants to become qt1ite yello"' and stt1nted, knowing they can 
be quickly g1·eened up "'hen the time is 1·ipe. Excessive fer
tilize1· n1ay be employed to p1·ovide the semi-stt1nting effect of 
slightly high salinity. 

3. Freedom from toxic 1nine1·als or compounds which may 
accidentally be p1·esent or n1ay be e,volved through such treat
ment as steaming 01· fumigation is of primary importance. 

4. Maximum practical nut1·ient 1·etention is desirable. Al
though clays impa1·t this p1·operty in the form of high cation 
exchange capacity, the many sho1·tcomings of clay usually pre
,,ent its use. Few artificial 01· specialty p1·oducts provide this 
property i11 appreciable degree. Peat moss is among the best. 

fYHYSICAL PROPERTIES 

1. High wate1· infiltration 1·ates virtually assure high 
porosity and adequate air space after drainage. For very 
shallo\v soil columns, it may be necessary and desi1·able to ob
tain u1iusitally high 1·ates for assured aeration. 

2. Maximum practical water 1·etention commensurate with 
ae1·ation is desirable under most circumstances. Certain ex
ceptions a1·e noted, as fo1· instance, in propagating media 
where mist is to be applied, 01·, in container glasshouse grow
ing in the northern states du1·ing winter months when rate 
of drying is extremely slow. 

3. Resistance to loss by decomposition might be co11-
side1·ed impo1·tant in many uses such as landscape installa
tions 01· pe1·ma11ent beds for cut flowe1·s growing. Decomposed 
01·ganic materials can attain some of the undesirable features 
of clay. 

4. Low density is often desirable in containers and in 
modern landscape on rooftops or similar locations. Usually 
the low density products impart unusually high porosity. 
Howeve1·, mixing of l1nlike materials can frequently defeat 
the purpose. For instance, conside1· mixing equal volumes of 
course perlite with sand. The 1·esulting mixture tends to have 
p1·ope1·ties 1no1·e like sand than like pe1·lite, since the fi11e pa1·
ticles infiltrate the voids bet"'een the la1·ger pe1·lite particles. 
To the extent possible, uniform pa1·ticle sizes should be em
ployed for all additives. 
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CURRENT 1'IlE'NDS 
1. Peat moss has 1011g bee11 a basic standa1·d ame11dn1e11t 

and is commo11l:)1 used as pa1·t 01· even 100 ~lo of the growing 
n1edium. Besides cost, a ma.io1· sho1·tcoming has been lack of 
standa1·dization of grades. As a result, many growers have 
been anxious to obtain 1·eliable sulJstitutes. 

2. Wood 1·esiduals st1ch as sawdust and ba1·k, have come 
i11to \videsp1·ead use, pa1·ticula1·ly on the West Coast. This 
app1·oach has become feasible and eco11omic, as we have 
lea1·ned how to provide necessa1·y nit1·ogen additives to com
pensate fo1· thei1· p1·ima1·y limiting facto1·. Emphasis in use 
has been placed prima1·ily on those mate1·ials 1·esistant to de
composition. The demand often exceeds the supply in Cali
fo1·nia. A new app1·oach is the p1·epa1·ation of the amendment 
in such a ma11ne1· that onl:)7 a little sand, soil, 01· othe1· mineral 
11eed be added to p1·ovide a complete planter 01· g1·owing mix. 
All fe1·tilize1·s have been incorporated in the amendment. 

3. Mine1·als of various types have been successfully em
ployed including the 01·iginal fine sand recommendation of the 
UC System. Cu1·1·ently many container mixes include, as a 
substitute fo1· all 01· pa1·t of the sand, such mate1·ials as pumice, 
haydite, calcined clay, perlite, and vermiculite. Except for ver
miculite, these mate1·ials p1·ovide little except physical stability 
a11d low density. They actually reduce the water holding ca
pacity of the medium in which they a1·e mixed. Ve,rmiculite 
is less stable physically, but does have a unique p1·operty of 
IJ1·oviding substantial potassium in an exchangeable fo1·m. As 
a 1·esult, whe1·e it is used in high p1·opo1·tio11 (20 % by volume 
01· la1·ger), it becomes t1nnecessary to add potassiun1 fe1·tilize1· 
to the mix. 

Since propagation is fo1·emost in the minds of many, it 
should be pointed out that the desirable physical conditio11s of 
a growing medium are commonly employed in the p1·epa1·ation 
of propagating media. The only diffe1·ence might be the elim
ination of chemical additives,, since fe1·tility is not an essential 
factor in p1·opagation and can sometimes be inhibito1·y. It 
might be mentioned, howeve1·, that the addition of certain 
amendments such as lime to peat/perlite mixes often im
p1·oves 1·ooting 1·esponse. The effect of pH on 1·oot initiation 
is, we believe, wo1·thy of additional academic resea1·ch. Two 
c1·ops showing marked 1·esponse in ou1· experience have been 
pepe1·onia and poi11settia. 

,'JOIL MIX FORMULATION By· FACT AND LOGIC 
1. The fi1·st step is that of selection of bulk ing1·edie11ts. 

Materials which satisfy the practical and economic 1·equire
ments should be p1·epa1·ed in va1·ious 1·atios until p1·operties of 
i11filtration 1·ate and wate1· holding capacity appea1· satisfac
tory. 

2. The chemical prope1·ties of each bulk ingredient should 
be tho1·oughly reviewed and an estimate made of chemicals 

68 



most likely to be required to attain optimt1m fertility. This 
may require analysis of each component or an analysis of the 
final physical mix. 

3. Since missing or low elements must be supplemented, 
it will be helpful to have in mind normal rates of additio11 
which ,vill result in good nutrient supply without excess. Both 
form and quantity of additive must be considered. For in
stance, it is undesirable to add materials which will contribute 
to high ammonium nitrogen availability for sensitive crops 
such as bedding plants, car11ations, and numerous bare-root 
cutting crops. Also, it must be kept in mind that maximun1 
tolerable quantities to avoid salinity effects will vary with the 
buffe1· capacities of the physical components. For instance, 
one pound of potassium nitrate per cubic yard of sand is high, 
but the same amount per cubic yard of clay or peat moss is 
low. Following is a list of commonly t1sed chemical fertilize1·s 
and amendments a11d an ave1·age rate fo1· an hypothetical 
container mix: 

Typical Adc!ition Rate Ele111e1rts Scrpplic,1 
Cl1c111ical Fet til1zer (Am't /cu yd) P1·in1a1 y Seconcla1 ,. 

Blood meal 01· othe1· high N organic 
Calcium nitrate 
Calcium sulfate (gypsum) 
Iron sulfate ( ferric or fer1·ot1s) 
I,ime - calcium ca1·bonate 
Lime - dolomite 

Magnesium sulfate (Epson1 Salts) 
Potassium nitrate 
Potassium sulfate 
Potassium chloride (mt11·iate) 
Sodium borate (Borax) 
Sulfur 
Superphosphate, 0-20-0 
Superphosphate, 0-45-0 
Synthetic slow release Mfrs. 

-

2 - 5 lbs. 
1 lb. 

2 - 5 lbs. 
1 lb. 

0 - 20 lbs. -
0 - 20 lbs. 

2 lbs. 
1 lb. 
1 lb. 
1 lb. 

l/4 oz. 

N 
N 
Ca,S 

Ca 

Fe S 
Ca(riseinpH) 
Ca, Mg 
(rise in pH) 
Mg S 
N,K 
K 
K 
B 

s 
Cl,B(?) 

1/~ lb. - S (lowers pH) 
21/~ lbs. 

1 lb. 
instructions 

P Ca, S 
P Ca 
N, etc. 

Considerations should include elements supplied or not 
supplied in the ir1·igation water. Lf the planted crop is to be 
placed on constant liquid feed, no reserve nutrient ( e.g. blood 
meal) will be required. This will allow young plantings to be 
placed on the same program as old. Phosphate will normally 
be added in sufficient quantity to last for the full crop life or 
at least one season. 

4. After the best estimate of formula has been tabu
lated, a trial mix shotild be prepared for test growing and for 
laboratory analysis. Following this, some minor modifications 
may !)e rec1t1irecl. Once a goorl n1ix has been developed, any 
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changes should be n1ade 011ly afte1· ca1·eful compa1·iso11 of 
growth results. 

One very i111po1·tant consideration for any growing medi
um is freedom from disease. I<leally, the mix will be steamed 
or fumigated prior to tise. This is a necessary part of soil mix 
preparation. 

MODERATOR TICK:t--JOR: Ou1· next speaker, Mr. Fred Peter
sen, is from the same firm. He is going to talk on the stib.iect 
of aerated-steam. F1·ed: 

COMMERCIAL APPLICATIONS OF AERATED STEAM 
FRED H. PETERSEN 

Soil ancl Plcl1it Labo1·ato1·y, !·rte. 
Santa Cla1·a, Calif 01·11ia 

STEAM-AIR OR AERATED-STEAM. These te1·ms a1·e 
t1sed to describe a system or method of soil treatn1ent in which 
treatment is obtai11ed by exposing soil to a mixtu1·e of steam 
and air. The temperatu1·e of the 1·esulting mixtt1re is co11-
trolled below 212°F. by ad.1usting the 1·atio of steam to ai1· ac
cording to established physics. While any treatment tempe1·
ature between that of ambient air and 212°F. is possible, the 
temperatu1·e range between 140°F. and 160°F. appears most 
ideal. 

PROGRESS. If measu1·ed bv the 11t1mbe1· of successful 
" 

installations no\v operating at high efficiency, and yieldi11g 
daily benefits to nurse1·ymen, such prog1·ess in n1y opinion ca11 
be summarized as: 

Calif 01"nici -
En.gland 

Disappointing to a point of concer11. 
Encouraging as expected, since the co11-
cept is British. 
Enthusiastic, as evidenced bJ' the ma11-
ner in which Australian g1·owers in-
stalled systems after a b1·ief, but com
plete, int1·oductio11 to the be11efits ae1·
ated-stean1 offers. 

Ea,<Jte1·1i United States - Encou1·aging, as indicatec1 
f1·om f 1·agme11ta1·y repo1·ts. 

However, if p1·ogress is meastired by the quantitJ' and 
quality of words already spoken or written, such progress 
would in my opinion, place Califo1·nia in a pa1·amount posi
tion. Paramount, I maintain, because of -the .excellent paper·s 
and speeches which have been presented to California growers 
by many experts, foremost of which is D1·. K. F. Bake1· of the 
University of California at Be1·keley. . 

Nurserymen the world over have bee•n literally blessed with 
much of Dr. Baker's ea1·ly wo1·k, the most familar of which is 
his editing of Uni,,ersity of Califoi·nia MAND AL 23, the UC 
SYSTEM FOR J:>RODUCING HEALTHY CONTAINER 
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GROWN PLANTS, J)ublished i11 1957 (I) Section 10 of this 
Manual contain the8e ,vords v.'hich are as applicable now as 
they were in 1957: 
'' Any successful n1echanized nu1·se1·y p1·ogram must include, 
indeed must be built a1·ound, soil t1·eatment''. 
In Section 9 b1·ief mentio11 is made of aerated-steam, conclud
ing with the statement: 
''This method is not yet ready fo1· commercial application''. 

Steam and its ramifications have been discussed thorough
ly by others. Why then is it important for us to re-focus ou1· 
atte11tion on this ti1ne-old sub.i ect? Fo1· the follov.,ing reasons: 

1. Toxins a1·e often 1·eleased f1·on1 soil mi11e1·al a11d/01· or
ga11ic co11stitue11ts by high tempe1·at111·e t1·eatment. This 
effect is virtt1ally eliminated at lower temperature 
treatme11t. (Manganese toxicity is a common problem 
at the highe1· temperatures.) 

2. Although all pathogens are killed at 140° F., ma11)' 
saprophytic 01·ganisms st1rvive. These 1·emaining 01·
ganisms constitt1te a biological buffe1· agai11st chance 
re-invasio11 by plant disease 01·ganisms. At higher 
temperatures most of the sap1·ophytes are killed. 

3. Spores of certain dormant saprophytes ma.y, by low 
treatment, be induced to germinate, thus increasing the 
biological bt1ffe1·. 

4. Many plastic containers can be exposed to tempera
tures up to 160°F. without damage. Soil t1·eatment in 
plastic containers has not bee11 possible at the higher 
temperatures. 

5. It takes less energy to raise the soil to a temperature 
of 140°F., he11ce the average savings in steam (a11d 
therefore cost) can be as high as approximately 50 % . 

To achieve these l)enefits soils are best treated ,vith ae1·ated
steam. 

How do we obtain this material labelled aerated-stean1? 
Who sells it? What equipment is required? What does it cost? 
Answers to these and other questio11s can be fot1nd in the fol
lowing publication which I encourage you to obtain and study: 
Proceedings: TURF, NURSERY AND LANDSCAPE TREE 
CONFERENCE. Unive1·sity of California - Davis, Califor
nia, February. 1966. 

Dr. Baker writes in his paper: ''Growers can now heat 
soil, stationary or movi11g, to any desired temperature in any 
of the standard equipments used in California'', and: ''aer
ated steam is thought to be complicated and difficult to use. 
The only additional equipment involved is a blower. Operation 
is similar to, and no more complex than use with ordinary 
steam. Grower experience is in acco1·d vvith this fact''. (2) 

M1·. Robert B1·azelto11, Extension Engineer of the Univer
sity of California, Agricultural Extension Service, follows Di·. 
Bake1·'s paper with an excellent discussion of the sub.iect from 
a11 engi11eering poi11t of view. The specific system he de-

71 



scribes was designed by Laboratory pe1·sonnel following a11 
earlier design repo1·ted by F. W. Taylor in Australia. Mr. 
Brazelton's paper contains sufficient information to permit 
any mechanically-inclined nurseryman or well-advised welde1· 
to construct satisfactory equipment. Mr. Brazelton wisel}' 
states advice I would repeat and encourage you heed: ''Do not, 
however, think that if you wait 2 years, the bugs will be i1·on
ed out, and you will have necessarily gained an advantage, be
cause the units as they a1·e now designed are sufficiently effi
cient and durable to be classified as unqualified successes ag 
is''. (2) 

HISTORICAL REVIEW 
1954-1955 -English work on the sub.iect of ae1·ated

steam by Morris and Bunt was discussed in UC Mantia! 23. (1) 

1957-V.C. Manual 23 was published with all of its 1·am
ifications regarding steam sterilization. 

1961 - Dr. K. F. Baker, on leave at the Waite Ag1·icul
tural Institute, Adelaide, South Australia, published: Princi
ples of Heat Treatment of Soil and Planting Material. (3) This 
paper led to F. W. Taylor's work: A Method /01· Heat T1·eat
ment of Soils Using Steam and Air· M1:xtures at 140°. (4) 'This 
work by Taylor described and contained plans of a system in
stalled at Pa1·amount Nu1·se1·ies in Australia. 

1962 - Dr. John Ferguson and Mr. Paul Ecke, Jr. de
scribed a steam-air system utuilizing a Venturi. (5) This ap
proach has since been, for all practical purposes, discarded 
because of lack of precision, back-pressure problems, and cost. 

1962 -At Brown Bulb Ranch, Capitola, Califo1·nia, the 
first known vault-type aerated-steam system in California was 
installed. Total modification cost to an existi11g vat1lt was 
approximately $50.00. In-field tests were perfo1·med b~r Dr. 
Carl Olsen, then a graduate student of D1·. Baker's at Berkeley. 
This system is in use and is yielding excellent results, par
ticularly in the treatment of seedling flat media. 

1963 - Our Laborato1·y published a brief note in an ad
visory form to our clients pointing out key factors involved in 
aerated-steam. 

1963 -At Kitagawa Nursery in Redwood Cit)', Califo1·
nia, the first known California-built bulk type soil treatment 
syste•m, patterned from Taylor's paper, (4) was constructed by 
Mr. Richard Kitasoe, o,vner of Kitagawa Nursery. This sys
tem was evaluated by Dr. Arthu1· McCain and Dr. R. H. 
Sciaroni. (6) Though describing the system as installed, and 
reviewing some aspects of aerated-steam, thei1· work appar
ently did not stimulate significant p1·og1·ess. The key points 
of biological antagonism and potential toxicity reduction ,ve1·e 
apparently overshadowed by the paper's stress upon chemoth
erapy methods. 

1964 -At Sunnyside Nurseries in Haywa1·d, California, 
a large vault-type system fo1· treating flat material ,vas co11-
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structed. 'l'his system still requires substantial modifications 
to overcome present well-understood defects including: high 
1·adiation loss th1·ough steel walls, excessive size, and noise. 
This system, howeve1·, did demo11strate the practicality of 
t1·eating plastic containers, and in-field tests conducted by Dr. 
Bake1·, D1·. Olsen, and Mr. Bill Fuller of the Department of 
Pla11t Pathology, Unive1·sity of Califoi·nia, Be1·keley, indicated 
extremely unifo1·m temperatu1·e dist1·ibution, and basic con
fo1·mance to p1·inciples. 

1965 -A system utilizing a conc1·ete mixe1· was desc1·ibed 
b~, G1·iffin, Mai1·e and Humphrey in University of California 
Ag1·icultural Extension Publication AXT-177. (7) The concrete 
mixe1· method has the obvious advantage of being an extreme
ly inexpensive system. This approach, however, may have the 
deficiency of a p1·olonged cool-down period introducing the 
possibility of over-kill. The quality of temperature control, 
and of tempe1·ature measurement a1·e also of some concern, 
since the t1·eatment container is constantly in motion. 

1955-1966 -At Azalealand Nursery in Mt. View, Califor
nia, the owne1· - Mr. Mario Pocchini - constructed a porta
ble, bulk-treatment trailer, specially designed for treatment 
of peat moss. Design parameters were established by the Lab
oratory following Taylor's basic concepts, (4) as further modi
fied by the suggestions of Dr. Baker, Dr. Olsen, and Mr. Bra
zelton. Pe1·formance tests ,ve1·e made by D1·. Baker, Mr. Bill 
Fulle1·, and by M1·. B1·azelton who had earlier provided valu
able back-pressure data. Test summaries and conclusions indi
cated several advantages of the Azalealand unit, including: 

( 1.) The po1·table nature and tilt-down side design per
mits its use as a potting bench. 

(2.) The plenum chamber aerated-steam introduction 
technique permits rapid ''turn-around'' time, since 
media rises to the treatment tempe1·ature in approxi
mately 20 minutes, and can be cooled to ambient 
temperature in approximately 40 minutes after the 
t1·eatment period. Potting, therefo1·e, is practical 11/2 
hours after loading. 

( 3.) The design yields excellent temperature control, and 
distribution of heat once the desired treatment tem
peratu1·e is reached. 

( 4.) With a minimum of further investment, such a sys-
tem could be completely automated. 

Materials of construction could quite likely be improved in fur
ther units of this type, as mo1·e specifically detailed by Mr. 
Brazelton in his paper p1·esented on this subject. (2) 

SUMMARY - The use of ae1·ated-steam is p1·obably the 
most significant pathological soil treatment advance in nine 
yea1·s. It is unfortu11ate that mo1·e widespread advantage has 
not been taken of this opportunity. 

In 1·etrospect, seve1·al factors have apparentlJ' combined 
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to limit mo1·e commo11 useage of the ae1·ated-steam techni(Jue. 
These factors p1·obably include. 

' 

( 1.) Delay and proc1·astinatio11 011 the pa1·t of ou1· fi1·m in 
publishi11g results such as we1·e obtained ,vith the 
Azalealand unit 1·e,·iewed by B1·azelton. (2) 

(2.) Appa1·ent lack of phJrsical capability of the Ag1·icul
tural Enginee1·ing Departme11t of the Unive1·sit~, of 
Califo1·nia. Resou1·ces of tl1is Depa1·tme11t are -seem
i11gly strained, and if supplemented in the t·utu1·e. ad
ditional capability could probably be developed utili
zing the skill and efficiencJ' of the p1·esent staff 
whose enthusiasm was amply demonstrated by the 
assistance 1·ende1·ed in the Azalealand proiect. 

( 3.) Lack of demand from the g1·owe1·s best summa1·ized 
by the ''Let the Othe1· Guy Go Fi1·st'' philosophy. 

(4.) Hesitancy on the part of indtistrial supplie1·s of re
quired equipment. Many st1pplie1·s contacted saw an 
appa1·ently limited market fo1· equipment, and be
cause of economics would not devote a substantial 
1·esearch and development effo1·t. As demands in
crease, and sales p1·0.iections rise, industry can hope-
fully be e11cou1·aged to clevote a g1·eate1· sha1·e of re
sea1·ch and development capability in this direction. 
The 1·esult could be availability of complete, profes
sionally enginee1·ed systems. 

THE FUTURE-At the p1·ese11t time the ''Let The Othe1· 
Guy Go Fi1·st'' philosophy does not appear to offe1· a valid ex
cuse fo1· lack of prog1·ess. Though impe1·fect in some ways, the 
systems now i11 use have p1·ovided a sound basis f1·om which 
other growers can logically p1·oceed. The expe1·t comments and 
advice of M1·. B1·azelton and D1·. Baker would appea1· to sub
stantiate this. Additional effo1·ts by the University of Cali
fo1·nia, Agricultt1ral Extension Se1·vice, in communicating and 
expanding upon information al1·eady developed would also be 
helpful to Califo1·nia g1·owe1·s who depend heavily upon the 
communications and advice of the Extension Se1·vice at the 
Farm Advisor level. Fa1·m Advisors in California undot1btedly 
would be pleased to render additional service in the future de
pending upon the climate of reception at the growe1· level. It 
would appear, the1·efo1·e, that not many new ,vo1·ds ca11 be 
found, but that many new systems can be const1·ucted. 
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l\1oDERA 1'0R TICKNOR: Thank you, Fred, for a most stim
t1lati11g discussion. Now ,ve will have D1·. Falih Al.i ibury 
speak to us on cont1·olled-1·elease fe1·tilize1·s. 

CONTROLLED-RELEASE FERTILIZERS 
F. K. ALJIBURY 

A r1·1 icitltu1·al Extension S e1·vice 
Unive1·sit11 of Califo1·nia 

Anaheim, Califor·nia 
In 1·ecent }'ea1·s there has been considerable interest in the 

t1se of the so-called ''slow-release'' or ''controlled-release'' fer
tilizers. The use of such products has offered several advant
ages: 

(1) They can be applied at the rate 1·equi1·ed by the plants 
without causing excessive loss by leaching. 

(2) The natu1·e of the release allows fo1· reasonable mis
takes and over-application without burning the plants. 

(3) Frequent application of fertilizers will not be re
quired. 

The characte1·istics of the slov.r-release and long-lasting 
fe1·tilizers described in this paper are attributed to the follow
ing techniques: 

A. M emb1·arie Coatin,q. Fertilize1·s are coated by mem
branes of various sources and thickness. When the 
fertilize1·s a1·e in contact with moist soils, water enters 
through the membrane a11d dissolves some of the fe1·
tilizers in the capsule. The dissolved fertilizers diffuse 
out of the memb1·ane into the surrounding soil. The 
1·ate of release is manipulated by the thickness of the 
membrane. This technique may p1·ovide a release rate 
of one to two per cent per day. 

B. Metal Ammoniuni Pliosphates - Divalent metals such 
as magnesium_, fe1·rous i1•on, zinc, manganese, and cop
per can be found in slowly soluble compounds. When 
the fe1-tilizer comes in contact with water, it dissolves 
t1ntil satu1·ation. When the nutrients are used up by 
plants, the equilibrium is upset and thus more fertili
ze1· is dissolved. The 1·ate of release is influenced by 
pH and the deg1·ee of soil wetness. The 1·ate of 1·elease 
is also influenced by the size of the particles and the 
method of application. Incorporating the fertilizer in-
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to the soil 1·eleases n101·e 11t1t1·ients than if ::1pplied 011 
the su1·face. 

C. Synthetic 01·,qa1iic Nit1·ogeri - Kaempffe of UCLA 
showed that unde1· best envi1·onmental conditions, ni
t1·ogen in t1rea-fo1·maldehyle is mine1·alized at the fol
lowing 1·ates: 

25 - 35 'l< i11 in th1·ee weeks 
35 - 50 '/,.. i11 fot1r ,veeks 
50 - 75 '/o in six n1onths 

6 - 10 '/,, f1·ee tirea available at 011ce 
Ten1pe1·atu1·e, ae1·atio11, moistu1·e and pH affect the 
1·ate of mine1·alization. 

D. Natu1·al 01·ganic Nit1·oge1i - Most of these 1nate1·ials 
mi11e1·alize in about fou1· to six weeks. Since they do11't 
mine1·alize immediately, thei1· t1se has bee11 conside1·ed 
by man}' to be safe. In 1·ecent years, it has been ob
served that these mate1·ials have become mo1·e expen
sive and less available. 

MODERATOR TICKNOR: We can no,v sta1·t in with the (\t1es
tions. Who has the first one? 

VOICE: In t1·eating the soil chemically, is the e(Jt1ipme11t 
flo,\'-1·ate timed with the t1·acto1· speed so that the application 
is not guess work? 

JERRY HANES: Yes, that's 1·ight. Ou1· method no,v is to 
11se a flow 1·egulato1· that is 1·elated to the speed of the t1·acto1· 
so that if the speed is increased because of the soil being ha1·d 
01· slo\\1ed down because it's fluffy, the rnete1·ing device is reg
tilated so the fumigant flo,vs throt1gh at a desi1·ed 1·ate. Then 
,ve can have different 1·ates; ,ve can apply anything f1·om 100 
lbs. per ac1·e to 600 lbs. pe1· ac1·e. 

VOICE: That's done manually -
JERRY HANES: Yes, that's all done ma11ually. 
VOICE: Then, the next question is, what is the C<)st 1)e1· 

ac1·e? 
JERRY HANES: ,v ell. that depends 011 the p1·opo1·t1011 of 

methyl bromide and chlo1·opic1·in used and the 1·ates of applica
tion. An ave1·age t1·eatment of two pa1·ts n1ethyl b1·omide and 
one pa1·t chloropic1·in, at 300 lbs. pe1· acre, in a ten-ac1·e field, 
1·uns about $300 per ac1·e applied. 

RON HUROV: How long do yot1 treat the soil ,vith ai1·
steam? 

FRED PETERSEN : Thi1·t}' minutes. A th1·ee cubic ya1·d 
load of peat moss reached uniform tempe1·atu1·e in 18 mint1tes 
and the t1·eatment tempe1·ature was held fo1· 30 minutes and 
the cool-do,,1n ,vas app1·oxirnatel:)1 45 minutes to get it back to 
ambient - so we figu1·e in this system we have about l l/t
hou1·. to a 2-houi· ''tu1·n a1·ound'' time. That is fill, treat, cool
down, and pot, which offers some advantage. This cool-down 
phase has been neglected by others but is quite important both 

76 



in preserving the biological community as well as enhancing 
the economics of it. 

' 
JIM HINES: I have another question for Mr. Petersen; 

t\vo or th1·ee questions, actually. You have criticized us fo1· not 
using this air-steam. You've passed this problem along to us 
and blamed everybody. 

FRED PETERSEN: I1nclt1ding myself, you know. First of 
all, I listed ourselves. 

JIM HINES: I may not be up on these things, but how do 
yot1 treat 100-cubic yards a day? 

FRED PETERSEN: Fumigation would undoubtedly be the 
fastest method. As a matter of practice, I don't think the1·e 
are equipments available for air-steam. I think the technique 
could be modified for a continuous flow system. However, a11 
increasing number of nurserymen co11centrate their highest 
level of sanitation at the li11e1·, seedling or propagation phase 
and depend upon qther methods, such as ft1migation, for treat
i11g soil in the magnitude of 100 cubic yards a day. We only 
work for one client, I think, that has capability of producing 
soil-mix in that quantity. In his soil stock pile, a self-generat
ing heat process is used; tests were run - that is, biological 
plating was done of material removed f1·om the bottom of this 
pile. It was, disturbingly, too clean! That is, it had essentially 
cooked itself out. In our repertoi1·e of clients I know of only 
one container nurseryman who is still steam sterilizing his soil. 
I know of one, up north, who is still steam-sterilizing every bit 
of soil; that is, from the liner, flat, seedling, propagation stage. 
I think, if the demand for a system such as you require is made, 
it's simply a matter of enough steam and of enough air and a 
moving system; it \Vould be practical. I think Dr. Bake1· has 
covered this quite thoroughly. One system which he originally 
str·essed was a continuous-flo~'; it would _just be a matter of 
mechanics. 

JIM HINES: Would the mechanics get out of p1·oportion -
in cost - to what you're doing? 

FRED PETERSEN: Well, I think it has been a matter of 
economics which has kept people from steaming large volt1mes 
of soil initially. That is, neither a vault nor a tarp method 
lend themselves particularly well to efficiency, in time. The 
only client, again, that I knov\· is stea.ming is doing it in the 
back of a truck, which is a bit unwieldly. If a person was 
presently steaming 100-cubic yards of soil a day, all I can say 
is that he would be expending substantially fewer dollars to 
convert to this system. Can you give me some idea, for exam
ple, of how a person is steaming 100-cubic ya1·ds a day? 

JIM HINES: We're using methyl bromide. 
FRED PETERSEN: I think it would be prohibitive to ro11-

vert to a steam process for that quantity of soil simply because 
you've al1·eady decided, I think, to t1se fumigation, rather than 
steaming, fo1· the 1·eason of economy. 

77 



· JIM HINES: Then the other question, ,vhat is the cost of 
dry heating versus steam? 

FRED PETERSEN: I do not kno,v if you have 1·eference to 
heating cables 01· to a conduction 1·otating kiln, type heating: 
such conductive heating is st1·ongly disco11raged by most q11ali
fied plant pathologist-s and is felt to be quite hazardous from a 
standpoint of toxicity because yo11 lose the basic value of steam 
when you go to conductive heating. Steam has the 11niq11e abil
ity to flow to a cold point, then condense, so you are actually 
heating only the pa1·ticles ,vhich requires heating as opposed 
to a conductive method. Fo1· example, in a rotating kiln - as 
i11 11sed in asphalt production - the1·e is a heated s11rface; a 
popco1·n cooker I g11ess ,,,ould be a good analogy. Here the 
particle has to be physically heated by contact. Aside fron1 the 
toxicity standpoint of charring, the biological p1·oblem is ve1·J, 
real because the pathologists ,vould tell us that most 01·ganisms 
are best controlled in the moist conditio11 and conductive heat 
,vould not work well because we have to heat so much wate1·. 

JIM HINES: One last question, yo11 b1·ought up the idea 
concerning a nursery that is usi11g a composting effect, or· sto1·
age pile, and is building up this heat. What temperat11re does 
it get to? 

FRED PETERSEN: It was ove1· 170°F. 
JIM HINES: How does he ste1·ilize the 011te1· edges of the 

pile? 
FRED PETERSEN: F11migation. 
JIM HINES: The1·e's no ,,,ay to capture the heat tl1at so 

the whole pile will be sterilized? 
FRED PETERSEN: Attempts have been made by tarpi11g, 

but unfortunately the piles we1·e 30 to 40 feet tall and in a wi11-
dy area. Repeated attempts to get an econon1ical tarp wei·e 
pretty difficult, that is a ta1·p that wo11ld stay in place long 
enough to conserve and trap this heat. A tarp s11ch as J err'.')' 
suggests was satisfactory for the overnight period fo1· su1·face 
fumigation. · 

I thi11k the greatest value of aerated-steam in a containe1· 
nursery is in the p1·opagation phase. In general, experience 
suggests that this is whe1·e most people a1·e placing most em
phasis on sanitatio11. That is, the old secret of let's get a clea11, 
healthy, vigorous- g1·owing, liner. By the time a li11er reaches 
a gallon can, it has been handled many times mechanically. The 
likelihood is that it has been infested to some degree. even 11n
cler the st1·ictest levels of sanitation; so to put that line1· into 
something aseptic is breaking one of the cardinal rules of 
pathology. This is why I make the remark about the stock
pile soil. In the opinio11 of an eminently qualified pathologist, 
that soil ,vas too clean. It had no biological antagonists. 

JIM HINES: Now then, you've br·ought up anothe1· l1Ues
tion. I think your company recomn1ends methyl bromide fo1· 
fumigating large piles of soil and at the rate we're required to 
put it 011, ,ve ai·e e11<li11g 11p ,vith a ste,·ile medium with infected 
li11ers. 
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FRED PETERSEN: I seriously doubt whether you're wind
ing up with sterile media. With methyl bromide, it's my unde1·
standing that it is a good he1·bicide, a terrific nematocide, but 
there are a lot of disease organisms, a lot of fungi, that it will 
skip. 

JIM HINES: 
picrin, is it not? 

This is one of the reasons for adding chlo1·0-

. FRED PETERSEN: Right. So it would appear that if you 
are fumigating with methyl bromide alo11e, you are leaving a 
s11bstantial fungus population. You would have to. 

ROBERT BODDY: This is another qt1estio11 for Fred Peter
se11. Has a11:}' dete1·mination bee11 made on the size of a boile1· 
- BTU capacity - that would be required for a small scale 
operatio11, say 011e cubic yard a day, or five cubic yards a day, 
01· a continuot1s operation that might build tip to five cubic 
yards a day? 

FRED PETERSEN: Yes. The numbe1·s, Bob are ,vell defin
ed. We 11se the factor: 200 times the cubic ya1·ds - if you 
want to .iot this down - 200 x ·yards, cubed. pounds of 
steam per hour reqt1i1·ed. This is a good safe ball-park figure, 
probably a bit on the high side; pounds of steam, of course, 
can be translated back into the capa.bility of any boiler sys
tem. Jin general, it ,vorks out that for something around 10 
ct1bic yards, as I recall wit.hot1t referring to notes, it is around 
25 to 30 ''boile1· ho1·sepower''; ''boiler horsepower'' is not a par
ticularly efficient way to gauge a boile1·. 

ROBERT BODDY: You mentioned this one party converted 
to ai1·-stean1 for $500. That is assuming he already had his 
!)oiler. 

FRED PETERSEN : 
ROBERT BODDY : 

about $5000. 

Yes, he had the boile1·. 
A 25-horsepowei· boile1· wotild be worth 

FRED PETERSEN: Oh, yes. In fact we have recently been 
i11 the process of looking at flash steam generators, and the 
price is no small item. This particular one, I believe, was a 50- · 
horsepower - with all the goolie-bobbers on it - for around 
$7000. However, it's the same old question - what does it 
cost pe1· liner? 

PETER VERMUELEN: Dr. Al.iibury, have you found a direct 
relationship between rate of release of your slow-1·elease fer
tilizers and soil temperature? 

DR. ALJIBURY : Yes. This would be particu.la1·ly true f 01· 
t1rea-formaldehyde. It has been reported that there is not 
much correlation between release from the capsule, or from 
the coated materials,, and temperature - but with a urea-fo1·
maldehyde type and with metal-ammonium-phosphate, there 
is such a co1·1·elation between increasing temperature and 
greater release. 

PETER VERMUELEN: We had a sad experience with some 
azalea crops in 21/4 - inch pots. We lost quite heavily on the 
c1·op ,vith a p1·oclt1ct that you me11tionell. This was attribt1ted 
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to a highe1· soil tempe1·atu1·e than is 1101·mally expe1·ie11ced out
side. This happened to be in a g1·eenhouse and has been ac
knowledged by the company. 

VICE-PRESIDENT ISHIDA: Ot1r final session this afte1·noo11 
is on tissue, or meristem, cult111·e and the moderator will he Mr. 
Richard Maire, Farm Advisor f1·om Los Angeles County. 
Dick -

MODERATOR MAIRE: Thank you, Henry. I think if ·we 
have anything new or exciting in the field of plant propaga
tion, this topic is one of the most exciti11g. We have two peo
ple who are well qtialified to cover this subject. Dr. Toshio 
Murishige from the University of California at Riverside a11d 
Dr. Wes Hackett from UCLA. D1·. Murishige, who will speak 
first, was at the University of Hawaii before he came to River
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A sepsis: U st1ally the f1·eshly isolated pla11t pa1·t has bac
teria, fungi, etc., which must be excluded. If the contaminat
ing organisms are present only externally, they can be easily 
eliminated by treatment with 1mild disinfectant. Solutions of 
sodium hypochlorite, calcium hypochlorite, alcohol, deterge11ts, 
etc., are commonly used. Inte1·nally-contained organisms \Vill 
require more elabo1·ate exclusion steps, such as culturing with 
antibiotics and other chemotherapeutic st1bstances (6,22). 
Viruses are very difficult to eliminate, therefore it is best to 
use only plant parts known to be virus-free ( 14). 

Nutrient media are 1·endered f1·ee of infectious organisms 
usually by autoclaving. Fo1· volumes of medium normally em
ployed, 15 minutes at 15 lbs/sq. in. is adequate. With heat-la
bile substances the sterilization must take another course. Con
centrated solutions of such substances a1·e passed through mi
crobial filters and then suitable aliquots a1·e combined v.•ith 
the autoclaved, non-labile components. 

The surgical and planting manipulations often requi1·e 
special facilities. The p1·imary source of contaminants during 
manipt1lations is the ai1·. The preferred practice has been to 
provide a transfer room or chamber in which filtered ai1· is 
supplied and in which a positive pressure prevails. 

Nutrition: The specific nutritional provision varies with 
type of cultt1re, plant part, species, and the investigation's ob.i ec
tive. Nevertheless, certain characteristics are generally appli
cable. A supply of inorganic salts, suga1· and water is the 
minimum requirement. Several salt formulae are presently 
available, e. g., those of White (42), Heller (10) and Mur
ashige and Skoog (20). St1c1·ose has been generally effective 
as the sugar, although glt1cose has been preferred in some cul
tt11·es of monocot tisst1e and 01·gans. Demineralized wate1· has 
been 1·outinely used. 

The more specific organic constituents include the B-vita
mins, pa1·ticularly thiamin and inositol; hormonal substances, 
especially auxin and cytokinin; and reduced nitrogen com
pounds, such as amino acids 01· their amides. Coconut milk, 
yeast ext1·act and other complex addenda of natural origin are 
also frequently used, although sometimes unjustified. 

Ph1;sical Envi1·onme1it: Perhaps the most critical of the 
physical environment is aeration. Satisfactory aeration can 
be achieved by using an agar-gel medium or, if a liquid is t1sed, 
by constant vigorous agitation ( 5,23), bubbling ai1· into the 
liquid (23), or by providing filter-paper supports (10). 

Closures fo1· ct1ltu1·e vessels must provide aeration, yet ex
clude contaminating organisms. Non-absorbent cotton or syn
thetic sponge plugs and polypropylene 01· stainless steel covers 
are commonly employed. 

The tempe1·ature and light needs should be systematically 
dete1·mined for each cultured material. While constant tem
peratures in the neighborhood of 25° C has been routine, the 
best temperat111·e is expected to va1·y from species to species. 
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When g1·owth alone is desired, co11stant da1·k11ess seems most 
favoi·able for cell and tissue ct1ltures. The induction of differ
entiation in cells and tissues, however, may necessitate illt1m
ination. Orga.n cultures which involve shoot parts apparently 
benefit from light, whereas those of root parts may not. The 
light used is ordinarily of lo,v intensity. Since st1gar is pro,1id
ed photosynthesis in the usual sense is not critical, but the 
synthesis of growth factors may depend on a small quantity of 
light. Diurnal pe1·iodicity with respect to temperature and 
light is a factor which has not been adequately considered with 
·in 1;it1·0 cultures. 

The pH of the nutrient mediun1 is also important. The pH 
fot1nd generally satisfactory has been in the :range of 5-6. By 
p1·oviding adequate buffering capacity, changes in pH aseoci
ated with nutrient utilization can be minimized. 

J1i Vitro-In V·ivo Rela.tion,ships: The primary ob.iective of 
ir1, vit1·0 cultures has been to p1·ovicle tools with which develop
mental phenomena can be explored more effectively. Thtis, 
the behavior of a cultured plant part must be reflective of the 
potentialities in vivo. Lnstances of cultured cells and tisst1es 
having undergone polyploidization are not uncommon (25) 
and, as to be expected the chromosomal change is accompan
ied by an alteration of cellular behavio1· (36). It is therefore 
inctimbent on the investigato1· to examine this possibility in his 
cultures. The chromosomal change may not be apparent i11 
the gross mo1·phological characteristics, so it will have to be 
ascertai11ed through nuclear examination. 

Specific Aspects 
Ti,':!sue ancl Cell Cultu1·es: By far the most extensive in

vestiga.tions have bee11 with cultur·es of tissue and the most 
widely cultivated tissue has been callus, or wound tissue. Callus 
cultures have been established from virtually every part of 
the plant, including root (3,32,36), leaf (9,41), f1·uit (30), and 
even endospe1·m ( 33) and pollen ( 38). Those from the stem 
are beyond ent1meration. Callus cultures have also bee11 ob
tained of lower plants, such as the fern ( 15). The callus cul
tures have been used to explore a range of phenomena, from 
the basic developmental 'processes of cell division and tissue 
and organ differentiation (9,17,18,31 36,37) to the synthesis 
of secondary biochemical products ( 5). 

Callus is most commonly grown on a11 agar-gel medium. 
Once established, it is indefinitely maintainable by periodically 
st1bculturing small pieces in fresh medium. A distinction can 
be made in the nutrition of dicot and monocot tissues. The call
tis of many dicot species is culturable in media of defined com
position. The basal ingredients have been inorganic salts, 
sucrose, some B-vitamins, and often at1xin and/or cytokinin. 
l\!Ionocot callus, with few exceptions, have not been cultured 
i11 defined rmedium a11d complex addenda st1ch as cocon11t n1ilk 
01· j 1east ext1·act have been routi11ely t1sed. 
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Plant cells, in diffe1·ing f1·om animal cells, te11d to adhe1·e 
together n1ore tenaciously. Thus, the complete dissociation of 
tissue into unicellula1· units and thei1· maintenance as such 
have been virtual!)' impossible. Even the most successful at
tempts have resulted in cultt1res containing both single-cells 
a11d tissues. Indeed, the clelineation into cell cultu1·e and tis
st1e cultu1·e has bee11 an arbit1·ary one. 

Dissociation of tissue, giving 1·ise to a proportion of uni
cellula1· units, is possible through nutritional and mechanical 
manipula.tions. St1itable co11ditions of nutrients have often 
been found to 1·ender plant tisst1es friable ( 18). Some cells 
f1·om st1ch tissues can be either teased free individttally (18) 
01· sepa1·ated en masse in a vigorously agitated liquid medit1m 
(23). Through conti11uous agitation and pe1·iodic transfer of 
aliquots of cultu1·e suspension to fresh nutrient solution si11-
gle cells and few-celled clt1ste1·s can be mai11tained indefinite!)'. 

The significant discovery has been that, fo1· yet unestab
lished reasons, a singl)' isolated plant cell is incapable of mul
tiplication. St1ccessful induction of cell division has been ac
complished by employing a nurse-callus (16), plating a dense 
suspension of cells (3) 01· by employing pre-conditioned nt1tri
ent medium ( 12). In the nu1·se-callus technique a piece of tis
st1e is cultured on 11ut1·ie11t agar, a layer of filter paper is laid 
ove1· this tissue and the isolated cell is set on the filter pape1·. 
The tissue piece pro,1ides nourishment to the cell and the filte1· 
paper enables movement of substances ,vhile preventing a 
union between cell and tissue. In the plating technique the 
cells in liquid suspension are simply dispersed onto suital)le 
nutrient aga1·. Tl1e concentration of cells in the suspension to 
be plated is c1·itical. J\,Ioveo,,e1·, since both cell aggregates as 
well as f1•e,e cells are invoJ,,ed, some step mt1st be taken to as
certain which are the single cells. A single isolated cell can 
also be induced to prolife1·ate into a tissue in the absence of 
othe1· cells if p1·e-conditioned medium is tised. A p1·e-condition
ed medium is one in ,,,,hich tissue and cells have been previous
ly cultured for a short pe1·iod. 

One of the disturbing characteristics of cell and tissue 
ctiltures has been their high degree of genetic instability. 
With fe,v exceptions, every culture which has been critically 
examined has shown a deg1·ee of polyploidization (25). The 
longe1· a tissue is l{ept in culture, the higher is the frequency 
of polyploid cells; ultimately a completely polyploid popt1la
tio11 may be attained. 

Or·gan Cultur·e: The ob.iect in organ culture has been to 
obtain development of a plant pa1·t in vitr·o which is as nea1·ly 
as possible comparable to that in vivo. It is desi1·ect that the 
same degree of diffe1·entiation and organization be retained 
•£·r1, V'll1'0. 

(a). Root Citltu1,e: The fi1·st successful iri vitr·o cultt1re of 
a plant material ,vas that of the excised tomato r·oot by White 
i11 1933. This ct1ltt11·e is still !)ei11g maintained in a vigo1·ot1s 
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state now 33 yea1·s later. Evidently culturability of isolated 
roots differs between herbaceous dicot sp,ecies on one hand 
and monocot and woody dicot species on the other ( 4,34). The 
roots of many he1·baceous dicots have been successfully gro\v11 
in a nutrient solt1tion containing mineral salts, sugar, B-vita
mins, and some organic 1·educed-nitrogen compounds. 111 con
trast, root cultures of monocots and ,voody dicots have bee11 
more difficult and largely unsuccessful. 

(b). Shoot Tip Cultu1·e: The shoot tip of several highe1· 
plant species has been successfully cultured, bt1t not the apical 
meristem. This distinction deserves emphasis, since some in
\1estigators have carelessly applied the term ''apical me1·istem 
culture'' to what was correctly. ''shoot tip cultu1·e''. The shoot 
tip, which consists of the apical meristem plus a few subjace11t 
leaf primordia, has bee11 grown to con1plete plants in V'it1·0 (1). 
This has not been the case of the apical me1·istem itself (2). 

(c). Leaf Cultu1·e: With respect to leaf cuture a distinc
tion in the behavior can be made between ferns and highe1· 
plants (7). The youngest leaf p1·imordia of fe1·ns develop i11-
to complete plants when isolated and placed in culture, whe1·e
as the oldest develop only as leaves. The leaf primordia of 
higher plants, rega1·dless of degree of maturation when excis
ed, invariably develop into leaves. 

( d). Ovar·y Cultu1·e: The ova1·y of many herbaeceous plants 
has been cultured in vitro into mature fruit (24). If the 
source of ovary is a pollinated flower, development can be ob
tained in a relatively simple nutrient medium. However, the 
ovary from an t1npollinated flower must be supplied with di
verse growth factors, inclt1ding auxin. Fruits obtained in, vit1·0 
generally have been considerably smalle1· than those devel
oped in vivo. Neve1·theless, comparable degrees of differentia
tion and flavor are retained. 

( e). A nthe1· Cultiire: Only limited research has been con
ducted with anther ct1ltt1re and much of this has been confin
ed to work with the Liliaceae. The available informatio11 
shows that meiosis can occur and functional pollen can be ob-
tained iri vit1·0 ( 40) . . 

(f). Emb1·yo Cultu1·e: The development in vitro of embryos 
of higher pla11ts has been achieved in several instances. This 
development, however, has been possible only with isolates 
which are at least 50-celled in dimension. No success has been 
attained by starting with the zygote. Experience with embryo 
culture has shown that the requirements change as develop
ment progresses fro1n the relatively undifferentia.ted, few-cell
ed structure to a fully

1 

differentiated embryo (26). It is thus 
not appropriate to suggest a culture medium ,vhich is general
ly useful. 

Applicatior1,s in Pla1it P1·opagation 
The i1i vit1·0 culture approach has al1·eady been applied i11 

plant p1·opagation, but the1·e are still several instances in which 
this app1·oach might be helpful. P1·oblems of root ancl shoot 
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i 11itiatio11 can be explo1·ed \ e·1·.>r ef'fecti\ elj·. StL1dies \Vith toua<..:CO 
of callus have disclosed a basic mecha11ism in the format ion 

these organs. Ro,ot initiat ion has bee11 related to a high at1xin-
1o,v cytokinin eonditio11,. wl1e1 .. eas shoot diffe1·entiation 
been ass·oci.ated with low at1xi11 a11d high cytoki11in ( 31). 
.be1,.ellin inhibits both root and shoot. formatio11 ( 17) . 

has 
Gib-

Asext1al propagatio11 of many species has bee11 enhancecl 
l>)' the i1t 1.>it 1·0 app1--oac h. Un] i n1i te<l 'U ppl:) of 01--chict p la11tlet~ 
l1as bee11 obtained f r om cul tL1r·es of the excised sh oot apex 
(29) . In tobaceo (19) . cal"l"Ot (9,32), endive (41), and oth

a simila1-- i11c1,.ea.s,e i11 p,lantlets can be achieved thro t1gh 
<.:al lt1s cu.ltuI·es derived f1·om stem_, 1--oot a11cl leaf. 

Emb1·:)1 0 ct1ltt1re has long be·e11 t1sed to ol1tain --eecls of 
n1a113r plant hy b1"ids ( 2·7) . 

Ct1lta1 .. es of shoot tips a1 .. e ofte11 employed to ol1ta i11 d is
eas.e-f1--ee plant.s f1--on1 infected pla11t ( 14) . Disease-£ 1 .. ee 
pla11ts might also be obtained by starting with si11gle cell·s and 
1'"eco11sti t11 t ing the plants. 
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f <):1·1J l1(>ge 11 i c 111ar1ifcs ta ti(>t1s o f a to l) <'.lCCo ce ll i 12 11i/ r u,. - J;ig. 1. U 11-
e,liffc r<.~1) tJ a,tecl callt1s <>:l)tai11c<l tl:1rot1g,l1 11ttrse CLLltt1re o·f a si11g·J,c }>it t, 
cell is<)late.- Fig. 2. Roots rcst1 lti11 g i11 a c~11lt t11·c 1, 1eclit11l1 <)f lligl1. i 11-
t:l<ll c~1ce ti c acic 'l a11fl lc>v,· ki 11 e ti11. - Fig. 3. F1o r111atic>r1 <)f st en1 · ~tr,cl 
lc,1\1es as 1·est.1lt of l1ig·l1 :ki11 c ti11 -lo'¼r i11clo]eac·c 1jc ,1ci,d p1·0,·i~io•11. - Fig·

1
• 4 . 

. \ t·ctrap lc>1,cl p la,nt , ri g~1t., rccc> 11s tit11t ecJ in vitro f·r0 111 ~L tctraploid p itJ1 
cc11 ; pitl1 ce ll ,,vas j s<>'l :.ttecl fr<>lll ,l clipJo,icl JJ la11t ·.i111i la1- Lo 1J1e 01)c 0 11 
left. 
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Finally, anothe1· potenti~ll application of ·irt ·v·itJ·u <:ultu1·e 
is in obtaining polyploid plants. Polyploid cells may be found 
in either the plant 01· tissue cultu1·e. These cells might be iso
lated and cultu1·ed to give 1·ise to polyploid plants. This has 
been achieved ,vith tobacco ( 19). 

Su·1,2·ma·1··y 
'l'his a1·ticle co11side1·s some p1·i11ciples of pla11t cell, tisst1e 

a11ct orga11 cultu1·es. Ge11eralities with 1·espect to asepsis, nu
t1·itio11, physical environment, and i1i vit1·0-iri vii,o relation
ship a1·e first examined. These a1·e followed by some cha1·ac
teristics mo1·e specifically associated with each of cell, tissue 
and organ culture. Finally, a fe"' applications of the ir1. v·it1·u 
approach in plant propagation a1·e considered. 
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MODERATOR MAIRE: Isn't that exciti11g ! It .iust - I don't 
k11ow - you let you1· mind go wild .iust thinking abot1t the 
possibilities that may develop from all of this sort of thing 
,ve a1·e calli11g ''tissue cultu1·e''. 

Anyho,v, now ,ve'1·e going to go on a11d find out ,vhat a1·e 
son1e of the possibilities t.hat this type of tissue cultu1·e - 01· 
meristem cultu1·e - offers. We now have Dr. Wes Hackett 
who has do11e considerable wo1·k on this subject. He received 
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his doctorate at the University of Califo1·nia at Davis. Wes, 
we'd like to hear what you have to tell us about what is hap
pening and what is going to happen in this field. 

APPLICATION OF TISSUE CULTURE 
TO PLANT PROPAGATION 

WESLEY P. HACKETT 
JJe111i1·t,n1,erit of Ag1'ic'ultu1·al Scie'rlces 
U'rtive1·sity of Califo1·n,ia, Los Angele.<; 

Some ve1·:)r interesting and exciting expe1·iments have 
bee11 car1·ied 011 in the past 15 years to show that shoots and 
1·oots can be caused to form on masses of undifferentiated to
bacco callus tissue cultu1·ed under aseptic conditions (13). It 
has also been shown with cultures of ca1·rot callus tissue that 
embryos which ultimately will become no1·mal carrot plants 
can be obtained f1·om single cells (2, 14). These are examples 
of 01·ganogenesis and embryogenesis f1·om undiffe1·entiated tis
sue ( tissue not recognizable as normal plant 01·gans st1ch as 
leaves. stems, or roots). Ln both cases relatively large nt1m
bers of new plants can be p1·oduced in a 1·elatively small space 
t1nde1· controlled conditions. 

It is interesting to speculate on possible potential uses of 
such tissue cultu1·e techniques in plant p1·opagation. Seve1·al 
possibilities come to mind: 

1. The use of tissue culture as a means of rapid p1·opaga
tion of new cultivars, especially hybrids which require 
a complicated seed production system. 

2. Tissue culture techniques may allow us to propagate 
vegetat.ively species which resist conventional vegeta
tive (asexual) methods of p1·opagation. 

3. The use of tissue cultu1·es to maintain pathogen-f1·ee 
plant material fo1· long pe1·iods of time in a small 
amount of space. 

4. Establishment of a tissue cultu1·e bank as an economi
cal means of long-term s,torage and maintenance of germ 
plasm (b1·eeding and p1·opagating stock). 

Unfortunately very little is known about the control of 
01·ganoge11esis and embryogenesis and the examples given above 
.geem to be rathe1· isolated cases of success in obtaining new 
plants f1·om undiffe1·entiated tissue. Even if regeneration .can 
be controlled in a wide variety of species, there may be prob
lems such as gene mutations or changes in the chromosome 
number. Much work is needed befo1·e complete regene1·ation 
of plants from undifferentiated tissues can be used as a p1·opa
gation technique but some day such techniques will probably 
be used. 

If tissue cultu1·e 1s defined b1·oadly to include the cultu1·e 
of plant 01·gans, segments of organs, and embryos on controll
ed media under aseptic conditions, several applications of tis
sue culture to plant propagation can be enumerated. 
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Th1e a.septic culture of embryos or seed.s ha.s bee11 t1sed a-~ 
a n1etho•d of propagation for many years. This has been the 
us ual me·thod fo1"' ger'minating orchid se·eds whi.ch have a very 
s imple undifferentiated emb1,.yo th.at won't germina.te t1nder· 
11,01·mal seed ger1ninating conditio11s ( 4) . It has a lso been used 
to obta.in l1yh1·ids of some plant,s whose seeds fail if left to· de
velop ,;vithin t he fruit ( 16) and to obtain prompt g erminatio11 
of c.er·tain dormant seeds ( 5) . 

l\io·r e re·cently inte•rest has a risen in t he aseptic cult1.1re of 
·Rhoot ap,i·ces a.s a method of obtaining virus1-free pla.nts fr .. ·om 
clo11es of vegetatively propagate•d species which are• wholl}' 
jr1fected with vi1,. use . As compared to other part.s of the plant, 
many vir11ses a.r·e 11ot found in high concentration i11 th·e shoot 
apex. This t echniq.L1e has been called shoot-tip cultt1re or mer
istem culture and h,as b.een u··sed with Dahlia (8), po.·tatoes (9), 
ca1·11at ions ( 1, 1·2) and or·chicls ( 6, 7)·. In most eases the shoot 
t ip 01-- meriste,n1 tech11ique ha.s bee11 used in con.junction with 
a prio1,. high temperature tr·eatment of the plants which inhib
its v i1"US mL1ltiplication ,,rhile the shoot is able to car·1--y on 
gr·owth ( 3) . 

In carnation, the t.echniqL1e (Figure 1) involves g1--owing 
a n1atur•e p la11t fro·m the shoot ap,ex (0.2-0.5 mm. in length) of 
a heat-treated cutt ing (15) . This is done by stI·ippi11g off the 
olde1,. lea ves rnac1,.oscopieally and then taking off t h e sn1all 
yot1ng leaves under a dissecting microscope w ith a sterile di.s 
secti11g n eedle or scalp.el. T h e exposed shoot apex 01· t ip con
si.sts of abo•ut foul" primordia l leaves and the apic-al meristen1. 
This tip is sterile and can b e cut off and t1·ansf erred aseptical
ly to a s tiita.b]e nt1t1,.ie,nt mediL1m. Several media are suitable 
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but the one formulated by Mu1·ashige and Skoog (10) is par
ticularly good. With carnation, each tip implanted yields only 
one mature plant. 

The technique for 01·chids ( 6, 7) is much the same as fo1· 
ca1·11ations but instead of fo1·mi11g leaves and roots very qt1ickly 
as with the carnation, the orchid shoot apex first forms a 
small, round body with root hai1·s. 'fhis body is identical with 
the protocorm derived from orchid seed (11). In time a plant 
with leaves and roots will develop fron1 the protocorn1. How
ever, it has also been fot1nd that this protocorm divides or pro
dt1ces late1·al protuberances and that this phenomenon can be 
i11duced by agitation in a liquid culture medium 01· by ,vot111d
ing (qt1atrering of the protocorm) on a solid medium (7, 18). 
This process provides a means of vegetative ( clonal) propa
gation at a ve1·y high rate. Morel (7) states that if each pro
tocorm gives only four new ones per month, it is possible to ob
t,ain n101·e than 4,000,000 plants i11 a year f1·om a si11gle shoot 
apex. Modifications of Knudsen's media ( 4) are t1sed ,vith 
orchids. 

Recently, at the University of Califo1·nia, we have devel
oped an aseptic tisstie cultu1·e procedure fo1· multiplyi11g and 
maintai11ing car11ation shoot apices. The starting material (the 
shoot apex) is ,,ery similar to that used for the shoot tip cul
tu1·e method of obtaining pathogen-free carnation plants, where 
one plant is obtained i'r·om each implanted shoot apex. The re
sults of the p1·ocedure are comparable to those obtained with 
Cymbidium 01·chids where one shoot apex is implanted and in 
a very short time with proper manipt1lations a lar·ge nt1mbe1· 
of potential plants are obtained. 

In this procedure a shoot apex which is about 0.5 mm. high 
and ,vhich has about fot1r primordial leaves is t1sed. In the axils 
of these fou1·-leaf p1·imordia are p1·imo1·dial buds (primordial 
shoot apices) which are potential plants. By mutilating the leaf 
primordia at the time of excision and by placing the excised 
shoot apex on a medium high in inorganic nutrient salts and 
high in na.phthaleneacetic acid (NAA) further development 
of the terminal meristem is inhibited and the p1·imordial axil
lary bt1ds a1·e forced into g1·owth. However, these lateral bud 
axes a1·e also soon inhibited and their axillary buds are fo1·ced 
into growth. The result is a rapid proliferation of very short 
shoots which are potential plants. Once established, this proli
feration tissue can be cut tlp into small pieces (subcultured) 
and placed on fresh medium and be maintained and increased 
many fold. Such proliferation cultures have been carried fo1· 
18 months. 

These prolife1·atio11 cultt1res have little resemblance to car
nation plants. However, by cutting them into small pieces and 
placing them on a medium suitable for shoot development and 
elongation (lower in total inorganic nutrients and de,,oid of 
NAA), normal carnation shoots, some with roots, develop. 
These normal shoots ca11 be take11 ottt of the c11ltt1re vials a11cl 
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planted i11 a light soil mix. If they are 11ot rooted, they ca11 be 
t1·eated with a root-promoting compound to induce rooting. 
These pla11ts, or potential plants, are rather fragile and so 
they mtlst be treated with ca1·e for a time. 

It should be pointed out that the White Sim carnatio11 ct1l
tiva1· (,vhich is a periclinal chime1·a) sometimes 1·everts to a 
red flo,ve1· color when cultured by this technique. This indi
cates that the oute1· layer of cells of the meristem has broken 
down, allowing cells of the co1·e layers to break through and 
take ove1·. Perhaps by changing the procedt1re to 1·educe the 
possibility of injury to the meristematic areas, this p1·oblem 
could be ove1·come. 

This procedure, and the concept of utilizing the p1·imo1·di
al axillary buds as sou1·ces of new plants, may have practical 
application as a method of propagation and as a method of 
mai11te11ance of pathogen-f1·ee plant materials. With this p1·0-
cedu 1·e it is possible to hold pathogen-f1·ee carnation tissue fo1· 
many months in a small space withotlt exposing it to possible 
1·e-infection in a greenhouse 01· screenhouse. Ho,veve1·, mo1·e 
wo1·k is needed to pe1·fect the p1·ocedu1·e. 

The applications of tissue culture to plant propagatio11 
are few in number and relatively unimportant from a11 eco-
11omic standpoint. It is not 'know11 whether such procedures 
are gene1·ally applicable to many species but work to dete1·mine 
this is in prog1·ess. Also, these methods and p1·ocedures have 
11ot bee11 evaluated ove1· a long pe1·iod of time so their potentials 
and p1·oblems a1·e not known. 

Tissue culture has many potential applications for the 
field of plant propagation and disease control and deserves 
i11vestigation by universities and experiment stations. The1·e 
is a need fo1· fundan1ental i11formation concerning control of • 
organogenesis and embryogenesis and a need for research to 
develop p1·ocedures for the utilizatio11 of tisstte culture techni
c1t1es i11 J)lant propagatior1 and clisease control. 
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MODERATOR MAIRE: Now I'm sure there are some ques
tions so who would like to start? 

BRUCE BRIGGS: Dr. Murishige: What is the strength of the 
Clorox solution you used? 

DR. MURISHIGE: Normally we use a ten percent solutio11. 
We take the commercial preparation and dilute it one to te11. 
We expose the tissue anywhe1·e from 10 to 20 minutes. You ca11 
also use Purex or any other similar commercial prepa1·ation. 

BRUCE BRIGGS: The reason I asked is because ,ve also tise 
it as a pre-dip on cuttings. ] wondered how strong we could go 
without in i uring the cuttings. 

RON HUROV: Have y·ou determined why yot1 have so much 
polyploidy appearing in tissue ct1lture? 

DR. MURISHIGE: No. This is a real problem; most people 
working with tisst1e ct1lture have experienced this. We know 
that this occurs as a normal p1·ocess in the plant, only it occu1·s 
slowly. If you look at any matt1re tissue in the plant you are 
bound to run into a few polyploid cells. In tissue culture this 
occurs more rapidly. Why, we don't know. This is a problem 
we'd like to have resolved as soon as possible. 

RON HUROV: What about apical meristem cultt1re as op
posed to callus culture? 

DR. MURISHIGE: Well, apical meristem culture is a diffe1·
ent situation since you're working with very young cells. In 
tissue culture we tend to take mature cells; in the case of ca1·-
1·ots from the storage root - the part that you eat - things 
of that sort. These are non-growing cells, normally. We re
activate them. We find that when this is done there is a 
g1·eater tendency to run into polyploids. Now, with the meri
stem itself it's ve1·y diffict1lt to get callt1s formatio11. 
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THURSDAY EVENING SESSION 

October 13, 1966 

VICE-PRESIDENT ISHIDA: Ou1· panel this eve11i11g will dis
ct1ss ''The A11atomy of the Plastic House'' and the moderator 
,,,ill be Robert Bodd)'. Bob -

MODERATOR BODDY: Thank yot1, I-Ien1·:\'. We have assem
bled a panel of expe1·ts this evening to speak on the subject of 
plastics and the anatomy of plastic g1·eenhouses as pe1·tains to 
ou1· p1·ofessio11. The plastic structu1·e is basic to ou1· indust1·y. 
All of us have something to do 01· have had something to do 
,vith plastic houses. It is almost as basic today as the p1·opagat
gating knife. I don't know what people did 10 01· 15 years ago 
when the1·e was no plastic. Now we _just assume that it is 
available. Fu1·the1·mo1·e, this is a sub.iect which is not like 
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ANATOMY OF A GREENHOUSE 
GEORGE S. OKI 

Oki Nu1·se1·y, Inc. 
Sac1·amento, California 
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midity cont1·ol, c1·ops could 110w be cyclecl ,vith pinpoint ac
ct11·c.)r with maturity elates as p1·ime ob.iectives. 

111 the past seve1·al :,rears, cycled lighting ancl black cloth 
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In 1938, the British ext1·ucled the first polyethylene sheet 
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te1·ial was used in the nu1·sery·-floriculture i11dust1·y and it has 
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Since the advent of polyetheylene, we have seen a host of 
other materials used. PVC, l\1yla1·, and fiberglass are but some 
of these plastic films or panels used toda:,,. Each material with 
its i11he1·ent qualities must be wisely t1sed to obtain the opti
mum useful purpose to glaze 01· cove1· the ''g1·eenhouse'' st1·uc
ture. 

Plastic g1·eenhouses have two distinct advantages. One 
is the economy of tempo1·a1·y st1·uctu1·es fo1· high seasonal t1se. 
The second is that many g1·0,ve1·s have built these struct11res 
du1·ing off-season pe1·iods with many materials already at 
hand. 

One of the ma.101· p1·oblems with plastic structures is i11ade-
11uate f1·ame work const1·uctio11. This has resulted in many 
crop failu1·es due to the 1·upture of the plastic sheets. It has also 
raised the an11ual cost pe1· sqt1a1·e foot, calculating investment, 
depreciation period, and maintenance. 

By its very nature of being temporary, heating and ven
tilation have been poorly provided and this has resulted in 
n1any c1·op failures. One must definitely keep in mind that to 
grow a decent crop of g1·eenhouse quality - heating, ventila
tion and cooling must be properly and adequately supplied. 
Therefore, the cost should be nearly identical per square foot 
for adequate heating and cooling, whether it be a glass or plas
tic house. 

The cost of the va1·ious types of g1·eenhouses, whether 
glazed with glass 01· plastic, va1·y widely by areas. Building 
codes a11d weathe1· also govern many costs. The degree of 
''sophistication'' ,viii also gove1·n and influence the cost of 
many st1·uctures. 

A recent study shows that plastic type houses may cost 
from 2.5 to 75c pe1· square foot or from 10,000 to 30,000 dol-
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lat·s pet· act·e. Glass gt·ee11!1ouses vat·y it1 cost f1·on1 $1.00 to 
$3.00 pet· squa1·e foot 01· $40,000 to $120,000 per ac1·e. Calculat
ed cost per yea1· pe1· st1t1a1·e foot, oddly enough, is very close 
fot· both tJ'pes. These costs inclucle inte1·est 011 i11vestment, 
taxes, maintena11ce, and dept·eciatiot1, and at·e calculated on 
an act·€· size 11nit; ave1·ages a1·e - for glas-;, 15c to 26c pet· 
StJt1at·e foot JJe1· yea1·, anli Ile to 19c pe1· SlJtiare foot per )'e,t1· 
fo1· plastics. 

-The mat·ket today llen1a11ds lJltality JJt·oducts, ,t11d p1·ofit 
a11d tJualit.)' a1·e keys to all st1ccessful business ope1·atio11s. 
Physical facilities must be ,,,,,ell-planned, heated, ventilated 
a11d highl)' mecha11ized and automated; tempe1·ed with the 
1·apid u1·banizatio11 of the 11u1·E,e1·y neighbo1·hood, the key to 
yot11· choice, the type of g1·eenhouse structu1·e you should build. 

l\10DERATOR BODDY: Tha11k yot1 ve1·y 1nt1ch Geo1·ge. Ot11· 
11ext spcake1· is Jim Pe1·1·y, who will discuss his use of plastics 
i11 the production of bedding plants. Jim was voted the 011t
standing nu1·seryman of the yea1· at the 1·ecent Califo1·nia State 
Nut·se1·:),men's Convention, 1·eceiving the Pacific Coast Nur
seryman Award. Jim: 

ANATOMY OF THE PLASTIC HOUSE 
JAMES C. PERRY 

Pe1·1 y's Plants. Inc. 
Let Puente, Califo1·rtia 

1'he use of plastics has greatly inc1·eased du1·i11g the past 
few yea1·s and, until son1ething bette1· comes along, I feel that 
plastics ,vill be used fo1· many yea1·s as cove1·ings fo1· preset·
vation of heat and fo1· cli1nate cont1·ol in the growing of plants. 

Pe1·ry's Plants has benefited greatly by the use of plastics 
111 ou1· g1·owing p1·ocedu1·es. \.Ve are cu1·1·ently using polyethy
lene sheeting, 4 mil, fo1· winte1· cove1·s and p1·otection, as well 
as the co1·rugated PVC (polyvinylchloride) for a permanent 
structure. · • 

The polyethylene sheeting is used fo1· cove1·ing, du1·ing the 
,,,inter, ou1· tempot·at·y structu1·es, which a1·e made of bent t/2'' 
pipe, giving the shape of the quonset hut, with a cu1·ved dome 
top. We have taken a standa1·d 21-foot length of galvanized 
pipe and with the use of a homemade .iig, bent the pipe to con
fo1·m to the shape that we desi1·e. The1·e is a three-foot st1·aight 
leg on each end and the t·est of the pipe between these three-foot 
legs is curved into a half-circle. The 1·eason for the straight legs 
is to give us a pet·pendicula1· ,vall to accommodate the benching 
a11d g1·owing close to the outside edge; the curve then swings 
o,,e1· the top. Our houses a1·e constructed with about 6'6'' clear
a11ce in the cente1·. This gives us a floor space 16 feet wide. 
The bow is then fastened on the inside of a 1' x 12' (a 2' x 12' 
could be used) that stands on edge as an outside wall. Pipe 
clamps are used to secu1·e and hold this bow in an upright po-
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sitio11 by 11aili11g to the inside of the 12-inch boa1·d that 1·ests 
on edge 011 the ground and is held up1·ight by metal stakes on 
the outside edge. Many of these bows a1·e used for each house; 
ou1·s a1·e placed approximately 8 feet apa1·t. We have limited 
the length of our houses to 98 feet. 

With all the 1·ibs of this house fastened in place, i11 01·de1· 
to secure the top cente1·, we have used a one-inch mesh metal 
wi 1·e screen fastened to each of the bows to act as a stabilizer 
fo1· the bows; they also give suppo1·t to the crown of these 
houses for the plastic, so that the rain water will not be trap
ped in a sagging pocket on the top. At each end of the house 
,,,e have two 4 x 4's (you could use 1·ough 2 x 4 posts) on each 
side of the doorway at each end to support the outside rib and 
to give strength to the end for closing in. A framework is put 
up at each end and covered with fiberglass 01· polyethylene, 01· 
any desired cove1·ing, whether it be permanent or temporary, 
as the needs might be. 

The two posts at each end is all that holds the house 
down, in addition to its own weight. We use a sliding door 
at each end that runs on an overhead track. In this way we 
do not have swingi11g doors to get broken and be caught by 
the winds. This makes a house 16 feet by 98 feet long. The 
1·eason it is designed in this fashion, on length as well as width, 
is that this fits a standa1·d size roll of polytehylene. The poly 
is spread out ove1· the top of these bows and fastened to the 
boards on each side at the bottom; the ends are fastened to the 
framewo1·k p1·eviously mentioned, so that all edges are fas
tened down securely. With this 20 by 100 foot roll of plastic, 
there is no fastening in the center, only on the edges. 

The only ventilation used 01· needed is by opening the doo1·s 
on either end. Ventilators could be put in the tops if desired, 
but we have not found it necessary for the type of mate1·ial 
that we are growing. We ha,,e constructed also a little la1·ge1· 
sized house where we have used 11/2 lengths of pipe, coupled 
together, and bent in the same fashion as fo1·merly mention
ed; this makes a house 24 feet wide by whatever the desired 
length might be. On this f1·amework we used a 32 foot x 100 
foot 1·011 of plastic to cover these rib bows, which would have 
a length of 311/2 feet. 

In all of these houses heat is provided as needed. We do 
11ot try to maintain a high 01· even tempe1·atu1·e. The heate1·s 
a1·e manually lighted du1·ing the colde1· spells in winte1·. 

Ou1· more permanent structure is built like a greenhouse 
and now looks like a greenhouse, although the original frame
work was designed as a chicken house. The metal t1·usses 
come p1·efabricated, 30 feet in length, but we have added a 6-
foot extension on each side of the 30-foot t1·usses, making a 42-
foot house, 210 feet long. We have two walkways, the outer 
edge of each lining up with the end of the 30-foot trusses, 
which must be supported by posts. These posts a1·e on 9'6'' 
centers throughout the house. This was designed so that the 
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l8-i11ch flats could be placed on the benches without having 
the post inte1·fe1·e as they would if they were on 10-foot centers. 
Wooden stringers are used over the metal trusses, supported 
at the ends only; sheets of co1·rugated PVC are then nailed to 
the wooden stringers. 

We find that plastic-covered structures are much tighter 
than the conventional glasshouses. We have th1·ee compara
tively new glasshouses that a1·e not ne·arly as tight as the plas
tic st1·uctu1·es. This may 01· may not be an advantage, but 
care should be give11 if you a1·e accustomed to glass house con
ditions and 'che,n switch to plastic; with the latter there is 
much less ai1· seepage and more condensation. 

MODERATOR BODDY: Thank you, Jim. The next speaker 
is from Oregon. Joe Klupenger is recognized as one of the 
leading pot plant g1·owers of the Northwest. He grows a com
plete line of flo,ve1·ing plants and foliage plants. He is also 
in the nu1·se1·y business with the production of rhododendrons. 
Joe is very active in 'rhe Ame1·ican Association of Nurserymen 
and has been active in our Pla,nt Propagators' Society - Wes
tern Region. He has spoken to us before at West Linn, Ore
gon, about his new ope1·ations at Wilsonville. We're looking 
for,va1·d to Joe's further remarks on the use of plastics in 
01·egon. Joe -

-

PROPAGATION AND GROWING UNDER FIBERGLASS 
AND POLYETHYLENE 
J. H. KLUPENGER 

Klupenger's Nursery 
Portlancl, 01·ego1i 

Our experience with p1·opagation and growing unde1· 
polyethyle11e and fiberglass gives us encouragement fo1· the fu
ture. I· would like to give a few pointers resulting from ou1· 
experience in p1·opagation and from the changes we have 
made over the past few years. At one time we would not 
propagate rhododendrons under any condition other than en
closed cases in the greenhouses. At a later date we decided 
we could do a better job of propagation in closed greenhouses 
but in open benches, although with no ventilation for fear of 
the cold air ''chilling'' the cuttings. 

At the p1·esent time we are p1·opagating in open benches 
but with air-conditioning fans (on thermostatic control) mov
ing the air directly over the cuttings. We a1·e having a great
er percentage of 1·ooting now than eve1· before. 

At earlier dates, we we1·e cautious as to the type of mist 
11ozzle used so as not to get too much water on the cuttings. 
Now we a1·e using Foggit nozzles; thei1· output is three-gal
lons per hou1·. Fo1·me1·ly we used one-gallon per hour nozzles 
which did not cover the area as well as the nozzles now in use. 

Our plans for next season are to move ou1· propagation 
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unde1· fibe1·glass. We find that ,vith a high light inte11sity "'e 
have less bu1·ning and we a1·e su1·e of a g1·eate1· percentage of 
1·ooting but with fewer p1·oblems of damping-off, and othe1· 
fungi, developing. As to g1·owing-on in the liner stages fo1· 
both 1·hododendrons and azaleas, ou1· p1·ese:nt p1·ocedures give 
us a better quality plant ,vith heavie1· -calipe1· stems and foli
age. This has been ou1· e,xpe1·ience 1·esulting f 1·om growing 
line1·s unde1· poly and fiberglass; this is due to highe1· light in
tensity, giving top lJuality 1·esults ,viih no bu1·ning of the foli-
age. , 

We established a test plot this summe1· growing pla11ts 
unde1· clea1· fibe1·glass using ai1·-conditioning fans but with no 
cooling pads. Using seve1·al varieties, we find this fall that 
the plants have come through in top condition with a good bud 
set. 

Late1· in the summe1·, approximately late June, we com
pleted building 18 000 square feet of house, cove1·ed with inex
pensive fiberglass (ac1·ylic-treated, 41/2 oz., clea1·, corrugated). 
Upon completion, ,ve filled these houses with seve1·al varieties 
of potted azaleas which were to finish for fall, 1966; this was 
budded stock fo1· dormant shipping. Although we we1·e ver~' 
late in spacing this stock, we were fo1·tunate in finishing this 
block of stock off in fi1·st class condition with a good early 
bud set. 

We have an ove1·head sprinkle1· system using St1pe1·io1· 
11ozzles ,vhich are tapped into the lines at 10 ft. intervals. 
Each line covers a 20 ft. wide house. We are using th1·ee 4-
ft., 1/1. HP, 220 V. fa11s for ai1·-conditioning and c1·oss ventila
tion on our nine houses. Tempe1·atures did hit 100°F. inside 
the houses when it was 90°F. outdoors, but with enough wate1· 
and with the cooling fans, ou1· azaleas came through in No. 1 
condition. 

MODERATOR BODDY: Thank you ve1·y much, Joe, fo1· com
ing all the way down from Portland to delive1· that fine talk 
and for the detail with which you gave it. The next speaker 
on the program is a specialist in ivys. He is going to tell us 
about it tonight. It's my pleasu1·e to introduce Ke11 Inose of 
Gardena, California. Ken 

AIR-SUPPORTED PLASTIC GREENHOUSES 
KEN !NOSE 

K & Y N1l1·se1·y, J1·lc. 
Ga1·derla, Califo1·nia 

PURPOSE: To propagate ivies., which is my p1·inciple 
crop during the fall, winter and early spring, with a strt1cture 
that could be erected quickly ,vhen needed and then dismantled 
after the winter season. This type of house can easily be used 
during the summe1· with the addition of more coolers. 

Two houses were in use from September, 1965, through 
March, 1966. The dimensions of each were as follows: 30' x 
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ing all the way down from Portland to delive1· that fine talk 
and for the detail with which you gave it. The next speaker 
on the program is a specialist in ivys. He is going to tell us 
about it tonight. It's my pleasu1·e to introduce Ke11 Inose of 
Gardena, California. Ken 

AIR-SUPPORTED PLASTIC GREENHOUSES 
KEN !NOSE 

K & Y N1l1·se1·y, J1·lc. 
Ga1·derla, Califo1·nia 

PURPOSE: To propagate ivies., which is my p1·inciple 
crop during the fall, winter and early spring, with a strt1cture 
that could be erected quickly ,vhen needed and then dismantled 
after the winter season. This type of house can easily be used 
during the summe1· with the addition of more coolers. 

Two houses were in use from September, 1965, through 
March, 1966. The dimensions of each were as follows: 30' x 
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50' x 15' in height at the highest point. The height is always 
<Jne-half the width with this t;)rpe ho11se since it is built in a 
half-circle. Each Airhouse was equipped with a desert cooler 
on the south end-wall; a 100,000 BTU heater, thermostatically
controlled, was inte,g1·ated ,vith a squirrel-cage blower on the 
1101·th' end-wall. One 01· both of the blo,vers was in constant 
<)pe1·ation at all times to l<:eep the houses up. During the heat 
of the day both blowe1·s were in ope1·ation in 01·der to move as 
m11ch air as possible to keep the houses cool. With approxi
n1ately 17,000 cubic feet of ai1· in the house, the estimated air 
change was 011ce eve1·y two minutes at 4500 C.F.M. per blow
e1·, with both blowers r11nning. This would decrease to once 
eve1·y four mi11utes ,vith one blowe1·. During the night, only 
the heater blower was ke,pt in operation,· with the heater turn
ing on at the p1·eset temperatu1·e level. Ventilation was achie·v
ed th1·ough a weighted flap located on the top center of the 
house. 

CONSTRUCTION: The houses were made out of 20-mil 
vinyl, each panel 42'' wide, hand-fab1·icated with the help of a 
machine that looks like a rotary i1·on. P.V.C. glue was used 
to laminate the panels together; no heat was applied in any 
,vay. The Airhouses we1·e anchored to the ground by an 18'' 
diameter ,vate1· tube which was laid around the perimeter of 
the house. The water tube was held in place in an 18-inch 
deep ditch. This was the first n1istake we made. The ditch 
was one of the causes of failure of the Airhouse during heavy 
1·ains in Decembe1·, 1965. Heavy runoff from the roof of the 
Ai1·house filled the ditch with wate1·; because there was some 
air in the watertubes, they floated up and the water inside the 
tubes drained out. The winds which usually follow a rainstorm 
got underneath the wate1· tubes and the house collapsed. There 
,vas little damage to the plants but the1·e was some tearing of 
the vinyl. This was easily 1·epai1·ed by patching. The rain 
problem was partially solved by placing a swimming pool 
vacuum pump into the ditch each time it 1·ained. 

Entry into the Air house was gained though a six-foot zip
pe1· located at each end of the house. The zippers gave trouble 
after about three months use. The answer to this problem 
possibly is an ai1·lock system using two sets of doors. In this 
way fairly large pieces of equipment can be easily passed 
through. The house was loaded with flats through a 12'' x 20'' 
opening located in the ce11te1· side of the house. A hinged Alum
inum flap was used he1·e and it was pushed -open f1·om the 
outside. The flap was kept closed just by the air p1·essure 
within the house. 

To fill the house with flats, the flats we1·e 1·olled down a 
25' conveye1· through this opening and then car1·ied to ,vhere 
they were to be placed. 

PLANT GROWTH: Using a 1·egula1· glasshouse for com
parison, plants in the Airhouse had similar g1·owth but with· 
less fungus p1·oblems; this is p1·obably due to f1·esh air circu-
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lating at all times. As a p1·actical exan1ple, I could get a c1·op 
out of both kinds of houses 1·eady to sell in six to eight weeks. 
These were the Hahn's and the English Ivy. This amounted 
to th1·ee c1·ops plus du1·ing the fall and winter months. 

CONSTRUCTION COSTS: These we1·e app1·oximately 
$1.00 per sq. ft., incltiding heate1·, blowe1·s, and coolers. Heat
ing cost we1·e about $50.00 pe1· month pe1· house ,vith the ther
mostat set at 68°F. Since my c1·ops are not a high value type, 
as compa1·ed to othe1· greenhouse crops, fo1· economic 1·easons 
I had to lowe1· the tempe1·atu1·e setting to 50°F. Even at this 
setting, on a cold night the heater burned continously. A bet
te1· method would be to 1·ecirculate the ai1·, with an a1·1·ange
ment of louvers 01· ducts, b1·inging in f1·esh, outside, air only 
for the bu1·ner. The bu1·ne1·s 011 the heate1· ,vould not fire-up 
tinless the blowers we1·e tu1·ning as a safety factor. All ope1·a
tions fo1· cooling we1·e done manually. This includes watering 
the plants by hand. 

CONCLUSION: I would say that the economic feasibil
ity of an ai1·house fo1· a comme1·cial grower will be based p1·i
marily on the longivity of the type of mate1·ial used. The1·e 
a1·e coatings available to p1·olong the life of vinyl. Much mo1·e 
expe1·imentation will have to be done by g1·owe1·s, much of it 
011 a hit or miss basis. A mo1·e efficient method of fab1·ica
tion could be attained if the plastics manufactti1·e1· could make 
,,,ide1· sheets, thereby eliminating as many sean1s as possible; 
this alone would g1·eatly 1·educe the cost of fab1·1cation. 

MODERATOR BODDY: Thank you ve1·y much, Ken. The 11ext 
speake1· on ou1· program is Al Holland, the Ag1·icultu1·al Ex
tensio11 Se1·vice 1·ep1·esentative from Orange County, Califo1·-
11ia. He, too, has wo1·ked very closely with ai1·-suppo1·tecl 
houses and has spent conside1·able time with Ken's house. He 
has additional info1·mation, howeve1·, and at this time I'll call 
on Al Holland to give us that info1·mation. AI 

DEVELOPMENTS IN AIR-SUPPORTED PLASTIC GREENHOUSES 
A. H. HOLLAND 

Ag1·icultu1·al Extension Se1·vice 
A1ialieim, Califo1·nia 

D1·. E1·1·ol Rodda, Depa1·tment of Ag1·icultu1·al Engi11ee1·
i11g, Unive1·sity of Califo1·nia, Davis, prepared a pape1· with 
the above title. It 1·epo1·ts on two ai1·-suppo1·ted, water-an
cho1·ed g1·eenhouses which we1·e used experimentally ove1· chive 
plants. Construction details and estimates on costs of main
tenance as well as production of some other crops a1·e 1·eported. 
It also briefly discusses ai1·-supported row-cove1·s. 

F1·om my expe1·ience I expect to see air-suppo1·ted plastic 
g1·eenhouses become quite common. The1·e ,vill be a dive1·sity 
of designs for diverse uses. Some will be fo1· long life and 
g1·eat du1·ability against heat, cold and winds. Others will be 
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t1sed with a minimum of cost but with greater risk of destruc
tion. 

A few suggestions I might take are the following: 
1. A water anchor may have considerable value fo1· ce1·

tai11 conditions. I believe it can be most effective as a sepa1·
ate, one-foot diameter (more or less) tube and inserted in a 
larger fold-back tube made from the main greenhouse sheet
ing and running the full length of both sides of the greenhouse. 

The fold-back tube could be cut at one or two-foot inte1·
vals to facilitate inserting the smaller tube into it. The inne1· 
tt1be could then be fully inflated with water, making possible 
an intimate seal to the ground with uniform a11cho1·age rega1·d
less of soil u11evenness 01· level. This would still allow the 
strong tear-drop shape of the outer tube. Stress points wot1ld 
be at a minimum if ·an open head is maintained at the highest 
point of the inne1· tube. 

2. Large1· capacity low-pressure fans appea1· to be ve1·y 
satisfactory, provided their vents can be closed and highe1· 
pressures built up by highe1· pressure capacity fans during 
strong windstorms. 

3. A very low-volume fan can be adequate fo1· quiet, cool, 
nights although much loss of heat is by radiation. 

4. Modular construction might be considered. That is, 
end-domed areas having framed doors and vents (instead of 
zippers) could be made of nylon reinforced plastic sheeting. 
These might be constructed to connect to the main running 
area of a greenhouse by use of zippers. Do not use zippers 
which might corrode. 

5. Cheap pressure control devices are possible. They 
could be installed to prevent rapid collapse of a greenhot1se 
during a power failure. 

MODERATOR BODDY: D1·. Toku.ii Fu1·uta is an Extensio11 
Specialist in Ornamental Horticulture and is servici11g the en
ti1·e state of California, operating out of the University of 
California campus at Riverside. Toku.ii has been with us 
about a year and he's certainly become one of the most widely
traveled people i11 the state of Califo1·nia. Tok -

ANATOMY OF THE PLASTIC HOUSE - The Arkansas Razorback 
TOK FURUTA 

Ur1,ive1·sity of Califo1·nia, 
Ri1Jerside, Calif 01·nia 

Dubbed the ''Arkansas Razorback'' by the editor of Jed's 
Jottings, this greenhouse was designed by Joseph W. Vestal 
and Sons, Inc. of Little Rock, Arkansas, a large prodt1cer of 
floricultural products. The clear span structure is simply 
constructed of prefab1·icated steel pipe arches and is covered 
with plastic. 

The initial hot1ses we1·e 30 feet wide withot1t posts 01· 
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t1·usses. Late1· models are 40 feet ,vide. The steel arches a1·e 
made from 11/4 inch steel tubing. For the 30-foot house, 21-
foot lengths of pipe were used while 26-foot pipe was used fo1· 
the 40-foot model. The pipes are Joined at the top of the arch. 

The ends of each a1·ch are inserted into a length of 2-inch 
pipe, 2 feet of which is below ground and 1 foot above. The 
rows of anchor pipes are 41/2 feet apart and adjacent houses 
overlay by this distance. Thus, the arches from ad.ioining 
houses intersect approximately 6½ feet above the ground. 
Channel iron, or ''V'' shaped wooden gutters a1·e placed in thi8 
j t1nction. 

Along the length of the house the arches are placed 8 feet 
apart. Steel pipe pt11·li11s a1·e used to .i oin the a1·ches - 3 a1·e 
used on the 30-foot house. In adc1ition, v.rooden 2 x 4 inch pu1·
lins are placed on top of the arches 4 feet a.pa1·t fo1· the at
tachment of the cor1·ugated panelR of 1·igid polyvinyl chlo1·ide. 

All steel members a1·e spot welded tovethe1·. 

MODERATOR BODDY: 'fhank yOll, Tok. :r--row are the1·e an;)' 
questions? Yes -

RON HUROV: I am wondering if a11y peorile who use clea1· 
plastics here have had an:)' expe1·ience with ultraviolet etabil
ized plastic? We use quite a bit of plastic in Ha,vaii. In fact, 
70,000 ac1·es under plastic, and we get quite a bit of variation. 
In the past few years some of the companies have t1·ied va1·i
ous stabilizers. Some of them are prett:)' good; they have 
doubled and tripled the life of some of the clea1· polyethylene. 

MODERATOR BODDY: Is the1·e anyone who can comme11t 
on the question of ultraviolet stabilize1·s for polyethylene? 

BRUCE BRIGGS: We have used UV plastic now fo1· about 
four years. The only problem is the cost facto1·. We can go 
two winters and one summer with a UV plastic a11d with clea1· 
we can only go one yea1·. 

MODERATOR BODDY: Is you1· conclusio11 then to use the UV 
plastic? 

BRUCE BRIGGS: Yes, I think if you figu1·e the price of la
bor, it really pays to use it. 

PETER VERMUELEN: Jt1st some general observations on 
this sub.iect. Gering Plastic Company in Kenilworth, New 
Jersey, is putting out what they call DBL-TUFF. We haven't 
used it becat1se you have to buy it in 400,000 sq. ft. lots, and 
we haven't quite got up to that quantity yet; but some of the 
growers have used it with good success and it has quite a bit 
of longevity - beyond, I, think. the UV polyethylene. Price
wise it's about the same as their light-stabilized plastic. 

Another observation. White plastic - hae anybody here 
used whi'ce plastic? We'1·e using it quite extensively on the 
East Coast. This is valuable where you might have a shading 
problem; you can also reduce your heat considerably by tising 
the white plastic. You don't have this large heat bt1ild-t1p 
that you do with clea1· plastic. 
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. In making tempo1·ary structures we'1·e now using electric 
conduit; it's a steel conduit put out by Republic. We were 
formerly using the 21-foot lengths of half-inch galvanized 
pipe, which cost us 12.6c a foot. This electric conduit is 9.6c 
a foot, and ,ve're using the 9

( 1. inch size. The people at Repub
lic say it has a higher tensil stre11gth than 1/2 inch galvanized 
pipe, and you're cutting your cost by a considerable amount. 
It only comes in 10 foot lengths, however; you have to use a 
connector in the middle. 

MODERATOR BODDY: Does the white plastic last as long 
as the ultraviolet resista11t type? 

PETER VERMUELEN: No, it doesn't last as long as the ul
traviolet resistant poly - it lasts as long as ordinary poly. The 
cost is about the same as the UV-1·esistant polyethylene. 

MODERATOR BODDY: Ho,v about the t1·ansmission of light? 
Is it still pretty good? 

PETER VERMUELEN: Good enough, I ,vould say, fo1· sto1·
ing. For gro,ving, p1·obably not sufficient. Fo1· propagating 
it may not be sufficient on a da1·k day, bt1t fo1· propagating 
sometimes you want a lo\\,e1· light intensity. 

RON HUROV: There's one point that I'd like to bring up. 
There is a considerable ,,ariatio11 in polyethylene. Probably 
.iust as n1uch variation as in va1·ious g1·ades of paper. I think 
hoth the manufactu1·ers and the users have a lot to learn about 
it. We had son1e black polyethylene this year; it b1·oke up i11 
t,vo months. In anothe1· case, we had polyethylene that ,vas 
supposed to be the same but it lasted two to three years. 

GEORGE OKI: In buildings with wooden trusses, we 
found that by painting the surface upon which the polyethy
lene will rest, the polyethylene life will usually lengthen by a 
slight bit. Now, I've also noticed that many of the c11t-flow
er growers are using a wider slat - wide1· than the two by 
four - it seems that the polyethylene will usually fracture 
right on the edge of the two by four area. 

JOE KLUPENGER: Fiber glass has been the most talked 
about material, I believe. in the last ten years for covering 
greenhouse structures. Therf> has been lots of discussion of 
fiber glass but not too mt1ch has been done about it. 1 think 
it's because of the high cost. Now we have about 35,000 sq. 
ft. under fiber glass - both a 20-year guarantee material1and 
a competitive material that's not guaranteed. It's a 41/2 ounce 
grade. We're building another structure no,v for pot plants -
65,000 sq. ft.; about 30,000 sq. ft. is going to be fiber glass 
at a 20-year guarantee. We were asked why didn't we go 
ahead and build the e,ntire structure o.f fiber glass. Well, al
though it's got a 20-year guarantee, there's ~, lot to learn about 
fiber glas.s as far as the lasting qualities, although they do 
have 18 and 20 year guarantees on it; but if you run for 18 
or 20 years and have to recover 65,000 sq. ft. all at one time, 
it would be c1uite a cho1·e. We are going in smaller portions at 
a time, so if we do have to recove1· we wot1ld11't have to do too 

103 



much area at once. vVhat I'm getting at is this, that i11 the 
next ten years where you want a permanent sti·ucture, you're 
going to find that in 80 to 90 per cent of the cases, fiber glass 
will be replacing glass and that the st1·uctural costs will come 
far below that for glass structures. We will be able to bt1ild 
a less expensive structure that will be permanent. Now polye
thylene makes a good temporary building but for something 
permanent that has good growing qualities it seems like we're 
farther ahead with fiber glass 1chan we are with glass. With 
the new acrylics that they have now perhaps in the near fu
ture, on the less expensive material, we can go up there in the 
summer months and spray this acrylic resin or coating right 
on the fiber glass - which would give perhaps, anothe1· 18 01· 
20 years life, if you catch it in time. I was talking rece11tly 
to a manufacturer of fiber glass. He said that once our indus
try develops some figures on approximately what they could 
use of a guaranteed material, so that they could have some
thing to shoot for, they would be able to put on the market in 
the very near future an 18-01· 20-year guaranteed material at 
the price of around 18c per sq. ft. Now it is hard to find any
thing under 24c. I think that we're heading in the right di
rection but we should be doing a little of our own resea1·ch, 
gathering this information that ,vould be a great help to the 
manufacturers to let them know what our thinking is for the 
future. 

AL HOLLAND: The other clay a fiber glass fabricato1· call
ed at my office and made the comment that duPont has a ma
terial they can incorpo1·ate into fiber glass now and keep it 
clear. 

VOICE: I'd like to ask these gentlemen if_ they have an~' 
condensation problem with any of these polyethylene, fibe1· 
glass, or PVC structures. 

JOE KLUPENGER: This is a question that I've heard lots 
about over the past five years, especially up in the Northwest 
where we have a high moisture condition; people have said we 
,vould have condensation d1·ipping on plants. If you have too 
flat a roof you'll have trouble, but with a standard greenhot1se 
pitch - which I think is about a quarter pitch - and with 
fan-driven heaters and air-conditioning fans I think this will 
eliminite a lot of the problem. The worst problem with con
densate drip in our area would come about March and Ap1·il. 
We noticed this year, with the standard greenhouse pitch, that 
there were drips on the ground in the trails, but you could 
walk through the house and brush the plants anywhere and 
you wouldn't get your hand wet. Most of it is going down to 
the drip gutters. From what I viewed this year I wouldn't 
hesitate to grow any pot plants, such as pot mums or poin
settias, unde1· that type of fiber glass ,vith ordinary green
house pitch roof. 

VOICE: How much air ''leakage'' do you have with glass, 
vs. polyvinyl chloride vs. fil)ergla~.s covered ho11ses? 
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JOE KLUPENGER: I would say that the1·e is less leakage, 
eithe1· on a good tight polyethylene or fiber glass house, than 
with glass. Now on glass, of course, it depends on what 
,vou'1·e talking about. With new glass, properly constructed, 
the1·e is ve1·y little leakage, but more leakage than with fiber 
glass. Fiber glass seems to be a little easier to heat, or takes 
less BTU's to heat a given a1·ea, than does glass. Polyethylene, 
I would say, takes double the heat - BTU's per square foot -
since it is such a thin filn1. 

VOICE: I'd like to kno,v how Joe fastens the seams on his 
fibe1· glass construction. 

JOE KLUPENGER: Well, first of all, we have the fiber glass 
sheets manufactu1·ed in 54-inch widths rather than two feet. 
Then we get it cut to specified lengths - so we have to do no 
ct1tting fo1· the 1·oof at all. We have a little - what we call -
lap nut. There's a little piece of angle i1·on about 3/4 by 1/2 
inch, bent into the shape of an L with a hole in it; .iust at the 
laps between the pu1·lins we have about 41/2 feet. We use one 
or two of the these and 1·un a metal screw right through them 
- no seale1· or anything; use about two of them between the 
41/2 foot purlin spaces. On these inexpensive fiber glass 
houses which we've .iust built, we used a plain galvanized pipe 
strap, one inch pipe cap over one-inch purlin and then run our 
metal screws 1·ight down f1·om the outside, the hex nuts, the 
neoprene head metal screw, right into the pipe strap. That 
holds it onto the pu1·lin; spaced at about 14 inches. 

VOICE: I'd like to ask Mr. Holland how he held the plas
tic ai1·houses down. 

AL HOLLAND: We had a wate1·-filled 1·ing. It was a ten
mil clear, polyvinylchloride ring in a loop around the house. 
We never did fill it full. It ,vas 18 inches in diameter, engin
ee1·ed to stand an 80-mile wind, and it withstood 60-mile 
,vinds, not completely filled. 

BOB BODDY: I .i ust want to comment further on conden
sation drip. In a small propagating quonset-type house that 
fo1·merly was cove1·ed just with polyethylene, we had a lot of 
drip. We use a chicken-wire-like mate1·ial, to frame the house 
and we found that if we put saran cloth under the polyethylene 
that we didn't get any d1·ip. The only places that dripped 
was where the saran had a seam. We used scrap saran and 
where the seam was, the water collected and it dripped in t.hat 
place, but the saran seemed to eliminate the bad drip p1·ob
lem. 

BILL CURTIS: I have a quonset type plastic house, 17 x 98 
feet. On eithe1· end I have a 4 by 8 foot doo1· and a window 
above the doo1·, and whe11 we cover it in the fall we cove1· the 
whole thing up, but I do have a V-opening right at the peak. 
The first year we took a knife and opened this V for ventilia
tion so that we wouldn't have a problem when we had our 
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High-Low heater burni11g. The second year, fo1· some t111-
known 1·eason, we didn't cut out this V. I neve1· thought any
thing about it. We closed the house up. The weathe1· got cold 
and we lit the High-Lo,v heate1·. I went in in the mo1·ning 
and the place was full of smoke. I figu1·ed that something was 
wrong with the heate1·. Another one had wo1·ked well in a 
shed-type plastic house that I have, so I changed heaters. The 
next night the same thing happened again. Then it dawnell 
on me that I had the hot1se so tight that it had cut off all the 
air and the1·e wasn't sufficient oxyge11 for the heater to oper
ate; so I went up there with my knife, cut in the holes, and 
I've never had any trouble since whe1·e I have this little V in 
the top. The plastic house is 1·eal tight . 

• 

• 
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We no,v have l\'11·. 1:1ete1· Ve1·muelen ,vho ,viii give some of 
the Eastern views on ''How Mode1·n Ma1·keting Affects P1·op
agation''. Peter -

HAS MODERN MARKETING AFFECTED PROPAGATION 
AND, IF SO, HOW? 

J. PETER VERMEULEN 
J uli·1i Ve1·me1.ile·ri & S01i, !'Ile. 

1Veslia:1l·ic Statiorl, N e·1v J e1·sey 

The1·e ca11 be 110 doubt that ma1·keting, whethe1· it l>e 
modern 01· ancie11t, does affect propagation. The1·e is a line, 
sometimes b1·oken 01· dotted and sometimes weaving but neve1·
theless a line, f1·om the cash 1·egiste1· to the p1·opagato1·'s list. 
Few 01·namental plants 1·eally taste good. When one conside1·s 
p1·opagation in its pu1·e sense howeve1· it ,vould appear initially 
that propagation techniques in themselves would not be alter
ed markedly by ma1·keting 01·, fo1· that matte1·, any other fac
tors that a1·e normally associated with g1·owing as against 
p1·opagation, pe1· se. 

In my lifetime practical p1·opagation has advanced f1·om 
a la1·gely methodical and empe1·ical concept to one of a more 
techno-scientific natu1·e·. Ou1· nu1·sery has always specialized in 
comme1·cial p1·opagation and the sale of line1·s and so we have 
t1·ied to keep ab1·east of new methods and techniques and even 
to look into the future th1·ough 1·esea1·ch, ou1· own and that of 
othe1·s. It seems to me that change in propagation has been 
b1·ought about b}' the same general facto1·s that have influ
e11ced most othe1· p1·oducts. Since I was to speak he1·e today 
on the sub.i ect, I decided to explore beyond our pa1·ticula1· op-
1·ation and obse1·vations and so w1·ote to a numbe1· of propa
gato1· friends throughout the wide geog1·aphical base compris
ing the Eastern Region of ou1· Society. Replies were 1·eceived 
f1·om New J e1·sey, of coti1·se, Pennsylvania, Connecticut, Rhode 
Island, Vi1·ginia., Ontario, Georgia, Ohio, Nebraska, Wisconsin 
a11d Alabama. 

Allow me fi1·st, ho,veve1·, to comment on how ma1·keting 
has alte1·ed ou1· propagation at John Ve1·meulen & Son. Like 
many othe1·s, we have been heavily engaged in mist p1·opaga
tion fo1· some years. Initial])' all of our wo1·k was in green
houses. G1·adually we fitted this technique to our particular 
environment, facilities and 1·equi1·ements and over the years 
,vere able to achieve personally g1·atifying and commercially re
,,,a1·ding 1·esults. But the1·e remained p1·oblems of environ
mental cont1·0I specifically involving light, heat and air that 
could not be ove1·come without extensive and expensive capi
tal investment. Additional investment wot1ld be required dtie 
to inc1·easing quantities and additional items. So we tur11ed 
to mist beds outside, fi1·st expe1·imentally and then, as we 
learned our lessons and ou1· knowledge accumulated, working 
up to large quantity p1·oduction. There the unit costs are con-
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o;iderably less and the results consistantly good to excellent. 
As the demand for certain items increased, especially for 

peat potted items for container growing., and because we were 
not alone in finding this technique rewarding, competition be
came mo1·e keen. We therefore started to think about and ex
periment with rooting cuttings directly in a rooting-growing 
medium in containers. Our work has been reported to this 
society on three occasions and many others have been busy 
with this technique in various methods. The literature cited in 
my paper ''Rooting-Growing Media'', published in the Com
bined Proceedings, I.P.P.S., Volume 15, is a handy though not 
complete reference to discussions of rooting cuttings in root
i ng-g1·owing media. I will therefore not speak of it at this 
time other than to say that ''PROPI:CON'', meaning ''propaga
tion in containers'', has proven outstandingly st1ccessful for llS 

on a long list of plants. There seems little 1·eason to doubt 
that seeding, rooting, budding a11d grafting directly in the ul
timate selling container is practical and will become a mo1·e 
,videly used technique as time goes on . 

• 

''PROPICON'' then represents the ma.io1· change in ot11· 
propagation techniques but I can not say that it ,vas brot1ght 
about solely because of modern ma1·keting although such ,vas 
a definite factor of influence. 

One other technique that we and others have used to some 
extent, and which I believe will bcome mo1·e widely used as we 
become more proficient with it, is that of starting with much 
larger cuttings and scions than usually used. Very large cut
-tings will root and they do ct1t the total time considerably from 
cutling to saleable plant. 

Now let me go back to the survey. If I were to summa1·
ize briefly on this limited survey it would appear that mode1·11 
marketing has affected propagation mainly as change relates 
to items and quantities produced but that propagation tech
niques, in general, have not changed appreciably. To illustrate 
and also to bring forth some points to ponder and perhaps dis
cuss he1·e. I will excerpt from tl1e letters. 
Froni N eb1·aska: ''In our operation . . . . . . the propagatio11 
techniques have not altered to a great extent over the years. 
If one considers the sales end of ma1·keting ( or vice versa), 
then certainly propagation lists have changed drastically.'' 

F1·om Connecticut: ''The only way modern marketing has af
fected our propagation is that we seem to grow fewer and few
er varieties'' .... ''It disturbs me sometimes, that we are giv
ing up some of the good varieties, because I personally like 
them; however, business-wise, I am convinced we have been 
doing the right thing''. 

F1'om Ohio: ''Modern marketing is moving larger numbe1·s of 
individual items. The nurseryman today has the alternative 
of increasing the size of his operation or taking the dange1·ot1s 
alternative of reducing the items on his list''. 

109 



F1·01,i Alabania: ''Only that the dema11d fo1· specific types 
(such as dwarf growers, 1·otund and columnar varieties) has 
caused us to be more careful in planning our cutting list.'' 
From Virgi1iia: ''The idea of modern marketing seems to be 
a cheaper item with less cost." .... ''We have had to speed Ul) 

in some areas to meet the 1·is.ing costs''. 
F1·01,i N eiv J e1·sey: ''l\'Iodern ma1·keting has, of course, affect
ed our propagation, principally in the selection of varieties 
grown'' .... ''The development of container-growing has also 
put us back into the propagation and sale of varieties ,vhich 
we formerly had given up'' . . . . ''The othe1· change in ma1·
keting which has altered ou1· p1·opagation is the greatly in
creased demand for clonal shade trees of improved va1·ieties''. 
F1·om Pennsylvania: ''Modern 1·ooting technology can easily 
lead to overproduction which m11st be carefully watched. Since 
we are no,v a wholesale 11urse1·y only, ,ve have 1·educecl the 
numbers of varieties we grow althotigh we have inc1·easect 
acreage and number grown''. 
From Rhocle Jslancl: ''With modern ma1·keting the vol time of 
plant material being sold has increased two-fold in my bt1siness. 
This calls fo1· ''positive propagation'' . . . . ''Today a propa
gator has to set high percentages in his propagation to keep 
up with the demand'' .... ''I am t1·ying to get a large1· pla11t 
from the start ..... I always use as large a scion as my tin
derstock will suppo1·t'' .... ''I ,vould say: modern marketing 
has kept me seeking newer and faste1· ways of propagation 
while meeting present-day demands with old and relial)le 
methods''. 
From New Je1·sey: ''Yes, I believe that modern marketing has 
affected my production program in requiring large quantities 
of specific items which a1·e being p1·omoted for volume sales''. 
Fr·om Georgia: ''This means we have to start with a big liner 
and have little or no shock in the transplanting process''. ''It 
means also the elimination of varieties that g1·ow poo1·ly for 
us''. 
From Wisconsin: ''In summary, mode1·n marketing practices 
have not affected our basic methods of sticking and treating 
cuttings or planting our seeds, btit it has prodded us into giv
ing a great deal more consideration into the cultural practices 
that take place once the cutting has rooted or the seed has ger
minated''. 
Fr·om Pennsyli,ania: ''In our greenhouse operation, we are 
keyed to the production of plants that are more readily adapt
ed to growing-on in containers and are now planting many 
plants in Jiffy pots, which go directly into containers rathe1· 
than being transplanted in the beds before being sold 01· lined 
out in the field''. 
F1·om New Je1·.~ey: ''Availability of mist has allowed tis to 
co11sicter rooting in a rooting-growi11g me<lium''. 
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F1·om On.ta1•io : ''My answer is yes, but not to such an extent 
as to raclica.lly change our procedures. We do propagate more 
items directly in pots to be shifted into larger containers or 
planting-on which we formerly handled bare root. Ot1r main 
i11terest is in faster and more economical production, such as 
i1t situ propagation, rather than in better or newer marketing 
procedures. I naturally envisa.ge a more and wider use of 
containe1·s but, at present, have no immediate plans due mai11-
ly to over-wintering problems and to customer acceptance''. 
F1·om Indian.a: '' All this adds up to one thing; as for propa
gation, it means the need fo1· far mo1·e plants . . . not only 
mt1st we meet the demands of a more affluent society, but also 
the demands of the cash and carry shopper - the one who is 
satisfying an impulse by purchasing the smaller plant - one 
he can carr)' hon1e and plant (and one he can afford)''. 
F1·om Pennsylvania: ''An exerted effort is made now toward 
mass productio11 in containers, utilizing polyethylene for win
ter protection, sparing no expense in growing excellent plants 
in the shortest possible time through constant feeding, multi
pruning, all grown under highly concentrated conditions''. 
F1·01n Ohio: This one wa.s difficult to excerpt. In summary he 
stated that modern marketing has seemed to take the craft
manship, with its rest1lting pleasures and pride, out of propa
gatio11 -trading skills for dollars - and has tended to create 
a mass production and buying attitude that does not proper
ly respect the quality plant but rather the popular ones, and 
these mostly because of price. 

These comments, plus what we have gathered from our 
own experiences as well as reflections on the future, lead n1e 
to conclude that the demands created by modern marketing 
when integrated with the developments in propagation tech-
11iques require that the present-day nurseryman choose between 
one of two possible areas of specialization: 

(1) Mass production of any or many of the popular and 
fast-moving items, or 

(2) Patient production of the more difficult, more cost
ly, slower growing, rare and unusual plants, for 
which, I am happy to say, there is an increasing de
mand. 

Happy is, and hats off to, the one who can do both! 
TOK FURUTA: Our next speaker is Jack Matsuda. He will 

discuss the effect of modern marketing on propagation a8 it 
pertainR particularly to bedding plant growers. Jack: 

MODERN MARKETING EFFECTS ON PROPAGATION 
JACI( MATSUDA 

Union Nursery, Inc. 
Ga1·clena, Califo1·1iia 

Propagation in the bedding pla11t industry has been basi
cally the same for many year8 - sowing seeds, transplanting, 
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and hoping fo1· the ,veathe1· to b1·eak at selli11g time. Howeve1·, 
there has been many changes in mode1·n ma1·keting. 

Discount houses and mass outlet 1·etail centers have mush
roomed around suburban living. To become mo1·e familia1· 
with marketing trends of today, we must become more mer
chandising-oriented so that we may better serve ot11· saleR ot1t
lets. 

Timing, distribution and packaging are some of the fac
tors involved in marketing. 

If you read you1· newspaper ads you vvill no doubt become 
a,vare that a.11 retail outlets have anniversary sales, le sales, 
birthday sales and what have you, besides their regular holiday 
specials. To feature a certain plant for thei1· ads, the growe1· 
must be informed well in advance since most stores place 
their copies ahead. We use our IBM system for con1puting 
and planning by categorizing our sales. No matter how much 
planning is involved, timing on certain crops is critical, especi
ally when colo1· is needed fo1· appeal factor; therefore the im
portance of controlled environn1ent for growing is considerable. 
This involves usage of chemical g1·owth 1·egulators, a fertiliza
tion system, lights, black-cloth, CO 2 and perhaps a UTOPIA
type of growing house. 

Packaging and distribution becomes another facto1· 1·e
sulting from marketing. We at Union Nursery have de,,elop
ed a shipper display unit we call the ''Union's Shelf-Rak'' fo1· 
merchandising our product. This unit consists of a package 
18'' x 18'' x 47'' to hold six flats of bedding plants. We have 
overcome much of our distribution problems by utilizing this 
package for shipping by common carrie1·. Since we t1se a 
lightweight mix, this unit only weighs about 60 lbs. It also 
has many features for the retailers, such as self-service, sales 
appeal, ready display, reduced handling, no flat deposits, and 
a higher dollar return per square foot of space. 

Modern marketing involves many changes in ou1· grow
ing methods. I have _just touched on some of the changes in
volved in the bedding plant industry. However, I feel this 
could be generalized in the whole nursery industry. We mt1st 
utilize the ideas of our allied industries, our Agicultural Ex
tension Service, and ou1· Universities to keep pace \\1ith ou1· 
changing economic picture. 

TOK FURUTA: We will withhold questions until the Ques
tion and Answer period and go 1·ight on to ou1· next panel 
which deals with ''In-Se1·vice Training'' of employees. Actu
ally, we are going to be talking about a topic which is very im
portant and very dear to the hearts of most of us - or all of 
us, I should say - since the future of our industry depends up
on what kind of people we bring in to it and how well the:)· 
are trained. 

A few weeks ago, in an address to nurse1·ymen, I stated in 
part: ''The greatest strength of the community, and at the 
same time the biggest p1·oblem faced by the commt1nity, is 
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people:-those that make tlp the commu11ity a11d those that 
come to the community for its products and services. The1·e 
is need in the community for more people to spend more time 
thinking. We should not be hidebound with preconceived no
tions or with tradition. We should let our imagination soa1·. 
We should put ideas from every\vhere to work ... '' 

We hear that we are not able to attract the type of em
ployees we want. I would ask if we really know what we 
want in terms of skills. 

You must be willing to invest in the future of your firm 
by paying competitive and att1·active salaries, and by devel
oping more and more p1·oficient training programs. Training 
p1·ograms serve to impart the skills needed by you1· firm and 
also to identify the employees with management capabilities. 

FortunatelJ', leaders of the community are paying mo1·e 
a11d more attention to these problems. In-service training is 
not something to be handled only occasionally when the time 
pe1·mits. It is not something to which little thought is given. 
Rather, a regular program should be established, not only fo1· 
the new employee, but for the retraining of the permanent staff. 
The authority and responsibility should be delegated to a defin
ite and identifiable person. It should not be put off until to
morrow. The consequences of putting it off until tomorrov.· 
can be serious. 

Now, for our Panel - I would like to call fi1·st on Da11 
Vey11a, 01·ange County Nu1·sery, now i11 Visalia, Tt1la1·e 
Cot1nty. California. 

IN-SERVICE TRAINING 
DANIEL C. VEYNA 

01·ange County Nu1·se1·y, Inc. 
Visalia, Calif 01·nia 

As I see it the purpose of in-service training is to have a 
labor force that can operate a smooth and efficient, profit-mak
ing business. Before we go into how and what we as a busi
ness are doing about it, please ask yourselves these questions: 
Are you so important in you1· work that your business couldn't 
do without you? Would your business suffer a seriot1s set
back, or go broke without your services or the services of one 
of you1· key employees. If your answers are in the affirmative 
the chances are that your in-service training has room for 
improvement. I pe1·sonally believe that no person from the 
lowest paid employee to the boss should be indispensable. With 
a good program of training, your work should be able to con
tinue with or withot1t yot1. Hopefully, of course, no one should 
be quite as good or do as well, otherwise we \'.'ould be out of a 
iob. 

In ou1· ow11 business we have a lot of ''chiefs''-so, at the 
ma11agerial level, we shot1lcln't be 1·unning short fo1· awhile. 
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l'11 fact, I have a younger brothe1· that wor·ks with me at the 
Visalia and Tulare County a1·ea, that can well take over when 
I am gone. In due time he may even do better than I can. 
How about yourselves? Somebody had to carrjT-on, while you 
are here enjoying this very wonderft1l Plant Propagato1·s' 
Meeting. 

Getting back to my level of responsibility - ou1· great
est recruitment of labor is at the harvest time when we dig 
out our bare-root fruit and shade trees. All throughot1t the 
year we've been telling our permanent help to spread the word 
that for harvest time, beginning the last week in November, 
we'll need all the help we can recruit. (One thing we empha
size is to leave the lazy ones at home.) Most of the time thej' 
do a pretty good .iob. Word spreads that we need mo1·e people 
and usually, if the weather isn't too bad during the winte1· 
harvest season, we get all the help we can use. In training 
dt1ring harvest, ou1· permanent crew make up the graders. 
tractor d1·ivers, leaders, labelers, etc. All of the new help is 
first used in pulling out the trees behind the digger and late1· 
in tying right in the field. We usually start out slowly the first 
couple of days with the older· hands teaching the new people 
how to pull and tie the trees. As we go along and are en
la.1·ging the crew, we observe which of the new hands have 01· 
show more p1·omise or ability to learn. Thus we make mo1·e 
g1·aders, leaders and so on. Thus our in-service training be
gins; we don't have a formal progra,m that would come out of 
a manual or hold classes in instrt1ction, but we do look for the 
natural qualifications such as any employer would do. 'l'hese 
are: 

1. Desi1·e to wo1·k 
2. Willingness to learn 
3. Education 
4. Past experience in related work 
5. Physical stamina 
By the time our harvest season is over, about a month and 

a half has elapsed and we have had ample time to observe and 
to some extent, do considerable training. The ones that have 
given the least service are the first ones to be laid-off. Ha1·
vest being over, our crew is usually cut in half. 

By the latter part of January, we sta;rt collecting propa
gating wood and making cuttings - either to heal-in in sand 
or to put in cold storage. Soon after the first of February we 
start stubbing-back or cutting-back. Here again the olde1· 
hands are teaching the newer employees. In all important 
operations one of the older employees is always present 01· 
,vorking with the new people. You may wonder what we've 
been doing all this time; whenever possible, we're right there 
getting things started and, thereafter, making periodic checks 
at irregular intervals to see that the work is being carried out 
to our satisfaction. 

This same procedt1re is carri<'d ot1t through pla111.ing, 
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grafti11g a11d, buddi11g. Naturally, in buddi11g and grafti11g, 
only ou1· more experienced employees skilled in these _jobs per
form the work. In these areas our propagators are provided 
with helpers and tyers from the more promising of the new 
employees. Thus th1·ough each operation the newer people are 
learning and acquiring ne.w skills and, of course, earning more 
as they learn more. So the cycle ends and is ready to begin all 

• ove1· again. 
To sum it all ·11p: In-service training is very necessary and 

never-ending, be it a formal classroom and laboratory type 01· 
direct demonstration and application. The program must be 
positive so that the employee knows where he stands and ca11 
take sat.isfaction in the knowledge that through imp1·oving his 
skills his paycheck will also inc1·ease. The boss should also be 
happy because an efficient and productive employee is the 
greatest asset any compan:i' can eve1· have. 

TOK FURUTA: Thank you, Dan. We should like to co11-
tinue ot1r ''In-Se1·vice Training'' panel; the next speake1· needs 
no in trod t1ctio11 to )'OLJ, so all I'm going to gay jg - he1·e jg 
'',Jo!J,,'' . 

• 

• TRAINING WORKERS 

0. A. BATCHELLER 
Ca.lifo1·riia Polytech1iic College 

Po1no1ia, Calif 01·nia, 

''Nothing succeeds like st1ccess," and no one really lea1·ns 
to work at his top level until he has the responsibility and the 
rewards of his efforts. 

It is diffict1lt in a classroom 01· college situation to bri11g 
all of the factors of a comme1·cial concern into bea1·ing, for the 
time we have the stt1dents is only a part of their total commit
ment and they cannot live thei1· entire time in the stress and 
strain of an economic situation. 

We have found several different ways by which we can 
supplement the stude11t's scientific training, and we feel we 
have succeeded to a la1·ge degree. 

First and most important is that the material we present 
in the courses is of. a practical and applied nature, presented 
by instructors who have had wide and successful experience in 
the field. 

Second, and perhaps equally important, is that field trips 
are arranged to places of business which are engaged in the 
type of work we, are studying. In this manner we can show the 
student the extent of the ente1·prise. It is also an opportt1nity 
to show the detailed planning and scheduling of all acti,,ities 
so as to make maximum use of the facilities and to return the 
greatest profit. Here the student can see and appreciate 
ma11y things, such as the inc1·eased turnover by quicker root
ing, the grea1cer saleal)ility by careful care and proper ct1ltu1·e, 
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grafti11g a11d, buddi11g. Naturally, in buddi11g and grafti11g, 
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and the total savings as the result of a trivial saving 011 a11 i11-
dividual plant. 

Our hosts for our field trips have been most generous with 
their time and effort, and the impact of their words is fa1· 
greater than ou1·s, though most of the time we a1·e giving the 
same message. 

A third method and, in m'y opinion, of greater valt1e than 
those already mentioned, is to have the students employed in a 
part-time position with the industry while they are enrolled at 
the College. Ot1r records show that over 50 o/a of our students 
are working their way through school, and I am happy to re
port a great many of them are employed in the horticultt1ral 
field. We find such students working in the field not onlJT get 
a great deal more from their cot1rse work, but add greatly to 
the discussions. The astuteness of the,ir comments and j udg
ments is most surprising and it is not st11·prisi11g that their fel
low students respect them and listen. 

A fourth method is the Foundation P1·0.iect System we 
have available at the College. In this system a student out
lines his intended growing pro.iect with (1) an estimate of 
,,,hat he plans to do; (2) an estimate of the cost of the plants 
and materials plus a schedule of operatio11s and activities; a11d 
(3) where, how, and how much he expects to make from the 
operation. This is carefully studied by the instructor in charge 
of the particular pro,ject. If necessary, or if we feel it desir
able, the entire staff will meet with the student and have hin1 
defend his plan. Once the plan is approved and signed, he 
makes the necessary requisitions which are cotintersigned b)' 
the advisor, and the materials are paid for by the College 
Foundation. The student is requi1·ed to keep a record of all 
activities and costs in a project notebook, and the adviso1· 
keeps close watch over the activities. As the crop comes into 
production, it is sold and the money is deposited to the stu
dent's Foundation account. Some material is sold to stt1dents 
and staff at the Ornamental Horticultural Unit, but most is 
sold directly to nurseries which have been contacted. Often 
it is the boy's parents who a1·e engaged in the nursery busi
ness. 

During the pro.iect a student learns many things propa
gation and growing procedures, scheduling, bookkeeping, and 
- as his profit or cash in hand is the difference between cost 
of operations and sales - the student gets a real good practi
cal course in economics. Not all projects make a profit, and if 
a student fails to take care of his pro.iect properly, it is taken 
away from him and managed by the Ornamental Horticulture 
Department. 

I should mention the Foundation which finances the p1·0.i
ects is reimbursed for all expenses and shares 1/; of the profit. 
We feel this is sufficient compensation for use of facilities ancl 
utilities and makes the operation a little more realistic. 

A fifth method, thottgh similar to the second, is the em-
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ployn1e11t possibilities ,vithi11 the campt1s G1·ou11ds Depa1·tme11t. 
This is unde1· the direction of the Ornamental Ho1·t,icultt11·e 
Depa1·tment, as we act as adviso1·s with 1·ega1·d to the planning_ 
and planting. We feel that the stt1dent's knowledge is en1·ich
ed by his wo1·k expe1·ience on the g1·ounds for which he 1·eceives 
pay. 

A sixth and important aspect is the speake1·s ,vho a1·e 
b1·ought to the campus as guest lectu1·e1·s. Often these are 
fo1·n1e1· stude11ts \\1ho a1·e now established i11 business. Because 
of thei1· fo1·me1· stt1dent status ,ve feel they a1·e most effective 
i11 di1·ecting the student's attention to the va1·ious phases of 
the indust1·y. 

I would be most 1·emiss if I did not close by indicating the 
in11)ortance of ou1· teaching staff. At Cal Poly we are, of 
cou1·se, conce1·ned ,vith a p1·oper educational backg1·ound fo1· 
ou1· instructo1·s, but of equal importance is his inte1·est, know
ledge and experience in indust1·:}' in the a1·ea in which he is 
teaching., All of ou1· staff have been successful in indust1·y 
and a1·e now not only teaching in the sub.iect a1·ea of their aca
demic t1·aining but also in the a1·eas which they have success
fully handled in indust1·y. 

It would be naive to believe that fo1·mal education at the 
College will fit all men for all .iobs. We realize that eve1·y 
fi1·m has its own ''modus ope1·andi'' and because of this feel 
that an orientation 01· ''in-se1·vice t1·aining'' should be carried 
on continually. By this p1·ocedure communications in both 
di1·ections is usually improved. This generally results in bet
te1· unde1·standing, g1·eater efficiency of ope1·a.tion, and a 
gene1·ally imp1·oved mo1·ale factor. 

TOK FURUTA: Thank you, Jolly. We have one mo1·e pa11el 
membe1· now. M1·. Ed Gardner of Stribling's Nurseries will 
give us his views of ''In-Se1·vice T1·aining'', Ed: 

' 
IN-SERVICE TRAINING 

ED GARDNER 
St1·ibli1ig' s Nu1·se1·ies 

JJ1 e1·ced, Califo1·nia 

Have yot1 ever hea1·d the exp1·ession, ''Get out of my ,,,a.)'. 
I can do it in less time and a lot cheape1· than by standing here, 
,vatching you fumble a1·ound." Does this sound familia1· to 
you? Maybe not, but a good many of us have hea1·d a varia
tion of this at one time or anothe1· in ou1· lives, especially in the 
fo1·mative years in our work. 

This somewhat exagge1·ates a ve1·y 1·eal p1·oblem that ,ve 
ha,,e when t1·aining pe1·sonnel fo1· ou1· nu1·se1·y operation. Few 
11ursery ope1·ations are organized and fully staffed in all de-

- pa1·tments so that a new employee me1·ely has to imitate the 
man who is directl:')' in charge of him. If your situation is 
typical of ou1· operation you may find you1·self with a new em-
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ployee and a new p1·oblem. How do I get this man so that he 
can be left on his own a11d still give me a feeling of co11fidence 
- that of knowing the .iob is in good hands. 

The diversified nu1·sery that we have consists of field 
a11d containe1· g1·own ornamentals, deciduous tree and vine 
g1·owing, fa1·ming of cotton and beets, a complete p1·opaga
tion facility and peach seed ha1·vest. Also selling, on a whole
sale, comme1·cial and a retail basis. \Vi th this di versification 
""·e find ourselves with only a few men who are able to spend 
their full time in one division. Many must 1·otate f1·om one 
division to another. Today a man is a bt1dde1· of trees, tomo1·-
1·ow he is assembling plants for delivery. He ma.y be putting 
i11 pipe lines, 01· inve11toryi11g the stock, and then he may ve1·y 
well be the one to delive1· this stock to ot1r customers. This, yot1 
can see, is a very versatile man; but, also a very ha1·d man to 
t1·ain on an organized basis. 

I personally find that the1·e is a ce1·tain amount of ''sink 
01· swim'' attitude that must be e,xe1·cised in 01·der to make this 
new employee 01· t1·ainee 1·ealize he must demonstrate some 
pe1·sonal .i udgement. He must use his ''noodle''. This, I find, 
is a shocking expe1·ience to son1e. Howeve1·, afte1· the shock, 
I find that they are ve1·y adept and appreciate the new confi
dence they have found in themselves. 

Fo1· example, I have a tree-packing ope1·ation to struggle 
\Vith each year on a crash program. We do 60 days of pack
ing i11 30 days time. This p1·essu1·e b1·ings out the wo1·st 01· 
the best in leade1·ship. 

It has bee,n my misfortune to start each packing seaso11 
\vith a 11e,v packing and warehouse foreman. Sometimes the 
bench c1·ews know what is going on but the new foreman must 
gain control and make p1·oduction schedules and learn the op
e1·ation at the same time. I must point out to this man that 
he must do two things-gain the respect of the crew and get 
the job done. This is no small task whe•n you are under such 
pressu1·e. But most of all he must not try to do all the work 
liimself. He must delegate autho1·ity. This must be done if 
the1·e a1·e two men 01· 100 men. He must delegate and follow 
up. 

In ou1· p1·oduction division, large crews are formed on a 
seasonal basis and these crews are generally staffed by an ex
perienced employee. This t1•ained employee does not conduct 
classroom sessions or give training lectu1·es, but he does get 
1·ight to the meat of the problem. He gets the c1·ew moving 
and thinking and he does this by simple deiponstration. He 
must constantly follow up his demonstration to see that every
one is doing his assigned task. 

I-f you were to ask one of these foremen to give -a resume 
of how he teaches and how he plans to get results it might 
prove quite difficult fo1· him, but you can be sure that those 
men working for him have received his message and under
stand what he means very well. This, then, is a never-ending 
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t1·aining p1·og1·am that goes on at ot11· nt11·se1·y day i11 a11d da}' 
out, but I find it ha1·d to put my finge1· on a11y pa1·t of it to say, 
''This is 0111· fo1·mal t1·aining p1·og1·am. This is ou1· way of 
teaching a new employee the skills of a nu1·se1·yman." 

T1·aining is often do11e on a budd:i' system. Budde1·s and 
tie1·s a1·e often the fo1·emen of ou1· \vo1·k c1·ews. Each season 
the:i' a1·8 called on to "\\"Ork on thei1·· hands and knees in the 
field. Thev wo1·k i11 teams of t\VO. The bt1dde1· generally • 
chooses his tie1·s a11d t1·ains l1im in the p1·ocess of budding a11d 
tying. This training is done while worl<ing 011 a piece-work 
basis; the bette1· pe1·formance receives the bette1· rewa1·d. 
Each year a few of the tie1·s advance to be the budde1· and 
the)' become the teache1·s. The budde1·s a1·e highly skilled in 

. bt1clding·. but a1·e sho1·t 011 text-book theo1·y for teaching. Yet, 
I am :,]ways amazed at the proficiency with which these 
men train their helpe1·s. I an1 su1·e the good pay they 1·eceive 
fo1· the piece wo1·k has something to do with it but I am also 
sure that a certain amou11t of pride and integ1·ity is involved 
whe11 one team is sco1·ed against the othe1· for qualitj' and 
lJua11tity of budding. 

Now this p1·ide and integ1·ity is what I have been leading 
tip to, fo1· without these two basic ingredients most of us 
\Vould find our .iobs vel'j' dull and uninte1·esting 1·egardless of 
the pay. So, ,,,,he11 ,ve speak of t1·aining and education of em
ployees, we must also consider what we can do to instill p1·1de 
a11d integrity into these employees as well. It seems hard to 
1·elate p1·ide and integ1·ity ,vith ou1· perso11al p1·og1·am at times, 
but it is a very 1·eal pa1·t of it. 

We don't often use these ,vo1·ds when speaking to ou1· 
employees, so there must be some othe1· way that this is con
,·e:ired fo1· it su1·el:i1 is a pa1·t of ou1· business. So my thought 
is:-that the lack of text-book terms does not mean that a 
training p1·ogram, howeve1· info1·mal, needs to lack in quality, 
a quality that shows in an employee as a man who has pride in 
his work and integ1·ity in his dealings with othe1·s. 

TOK FURUTA: At this time it is with great deal of plea
su1·e that I p1·esent to each of our speakers, as was done fo1· all 
the other speake1·si. a ''Certificate of Appreciation'' for thei1· 
participation. I hope that each of you individually has had an 
oppo1·tunit:i1 to see one of these, but in case you have not, I 
should like to take this oppo1·tunity to read it. ''Inte1·national 
Plant P1·opagators Society - Western Region, takes pleasu1·e 
in presenting this certificate of appreciation as an expression 
of our gratitt1de and high esteem for your inte1·est in the art 
of propagation. We since1·ely appreciate your gene1·osity in 
sha1·ing ,vith us your k11owledge, and your time in add1·essing 
ou1· membe1·s''. 

Now is the time fo1· questions and answe1·s, so now the 
floor is yours for questions to any of the panel members from 
this afternoon 01· to the members of the firms we visited this 

• morning. 
• 
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BILL CURTIS: In rega1·d to this employee relationship, 
what do you people feel is the best - to give a person who 
comes to wo1·k for you a raise right away, a big 1·aise, or to give 
him a series of small raises? Which gets the best 1·esults? 

JOLLY BATCHELLER: You've got to earn them all. 
MARGARET FLEMING: we feel that if the starting \Vage 

is not so marginal that the guy is sta1·ving while he's lea1·n
ing, then it would be bette1· to give him a series of small 
1·aises. They ea1·n it fi1·st, then we pay them. They ea1·n some 
mo1·e, then we pay them more. 

JERRY MAILMAN: On the Monterey Peninsula, Califo1·nia, 
::1t the cities of Seaside, Ma1·ina, Pacific G1·ove, and Carmel the 
groundskeepers a1·e now 1·equired to take six units of Orna
mental Horticulture, which is a four-hour class, one night a 
week fo1· 17 weeks. This p1·ogram is strictly related training, 
110 manipulative work at all other than demonstrations; these 
are for the purpose of upgrading units for salary increases. 
Such p1·og1·ams could also be used perhaps in the propagation 
and nu1·sery business in cooperation with the local high schools 
01· .i uni or colleges. 

TOK FURUTA: In this 1·egard, I might point out that I had 
the privilege of working with P1·ogram Teaching, Inc., Palo 
Alto, Calif. I don't know how many of you know of this fi1·m 
but the)' specialize in developing prog1·am text material fo1· in
dustry and for schools. They have been working under con
tract with the Office of Economic Opportunity last year and 
have developed a cou1·se which they call Landscape Aid; they 
a1·e now emba1·king on the development of one mo1·e advanced 
or in a little more detail. They haven't 1·eally titled it, but it 
would be in terms of nursery employees; some of you may be 
inte1·ested in this, perhaps trying to work this type of program 
material - which is 1·eally a self-teaching type of thing - in
to any t1·aining p1·og1·am that you are developing. Any further 
t1uestions? 

JACK WICK: I'd like to ask if at the Lewis Azalea Garden 
they wate1· the azaleas in their cold storage house. 

MR. LEWIS: No, we don't. The1·e are two theo1·ies of how 
azaleas should be pre-cooled. One, which we do not follow, 
suggests cooling at about 45° to 50°F. \Vith added lights and 
watering the plants as they use the water. We store in com
plete darkness, below 40°F., gene1·ally a1·ound 36°F. The 
1·espiration, transpiration, all functions of the plant are so 
limited that water consumption is quite low. We have supple
mentary humidification in the boxes. The coils are designed 
for minimum moisture removal. The fan speed is ad.iusted 
once the plants are brought to temperature to an absolute 
minimum movement so that dehydration is 1·educed .iust as far 
as practical. The greatest problem we have is to get the plants 
into the cooler thoroughly wet. For plants that go in wet we 
have kept them at that stage for 12 to 13 weeks. 

VOICE: I'd like to ask a question about the potted azaleas 
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plants. A1·e they fully budded when they're put i11 col<l sto1·
age? Fully developed? 

MR. LEWIS: Yes, they are - but that's something with 
which we're still expe1·imenting. No one could actually tell us 
what we should do so we'1·e doing it on a ''try and see if it'll 
work'' basis. We're progressively putting the plants in at a 
lesser stage of maturity. We don't exactly know what point 
is too immatt1re for the pre-cooling to work. Ho,vever, we're 
putting them in primarily to ''even'' the bud. Since bud de
velopment is uneven without the cooling, if we t1·y to wait t1n
til all bt1ds are mature, some of them would be in bloom; so we 
have to pick the plant, say with the furthest advanced buds, 
to .iust the maximum point that ,ve feel we can leave that plant 
out, and then put it in. Some buds will be so small that you 
can ha1·dly see them, but the pre-cooling ove1· a long period of 
time does even them tip. It seems to work satisfactorily. 

HERM.<\.N SANDKUHL: I have another question for M1·. 
Lewis. Do you find an acce'1eration or deceleration when 
you take them out of the cooling chamber to bring them into 
bloom - or do you send them straight to market from there? 
In comparison with plants in a greenhouse at about the same 
budding stage, will they come into bloom all at the same time 
or are the ones in cold storage slower coming in bloom? 

MR. LEWIS: vVell, that's a complicated question. Here i11 
southern California we probably have the most ideal condi
tions for budding an azalea without greenhouse treatment that 
exists in the United States. We have no trouble preparing the 
.plants for Christn1as delivery - forcing without this pre
cooling; plants for Christmas (p1·uned in May or June) can 
be forced into flower in about six weeks. We bring them into 
the greenhouse in November and have them ready for Christ
mas delivery. Now the pre-cooling is sort of an extension of 
nature in the fact that we are providing this artificial fall and 
winter cold at any time of the year that we desire, so the same 
situation occurs with plants from cold storage as occurs with 
plants that have not received it, depending t1pon the season. We 
can fool the plants in thinking that they have had the fall cold. 
Plants of the same variety cooled approximately the same 
time as they would have been naturally out-doors will bloom 
i11 approximately the san1e length of time. 
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MECHANIZATION IN THE ROOTING OF CUTTINGS: 1906 to 1966 
WILLIAM E. SNYDER 

Depa.1·tr,ient of Ho1·ticulture & Forestry 
Rutge1·s, tlie State University 
N e1v Br·unswick, N e1v J e1·sey 

The plant propagator is apt to take for granted n1a11y 
techniques of mechanization ,vhich were unknown to his pred
ecessor sixty years ago. Continued mechanization in the prop
agation of plants is a necessity in today's competitive produc
tion of plants. Reduced labor costs, elimination of ''human 
e1·ro1·'' in .i udgement and accurate control of the environment. 
of the cutti11g will mo1·e tha11 pay fo1· the costs of mechaniza
tion. The1·efo1·e, for a few moments, let us take a brief look 
at past and present methods of regulating the environment. 

I have chosen to compare today's equipment with those 
desc1·ibed in the 10th edition of L. H. Bailey's ''THE NUR
SERY BOOK-A Complete Gt1ide to the Multiplication of 
Plants'', published i11 1906 (1). 

First, we shall compare the aspects of the environment,
atmospheric and soil-considered of importance sixty yea1·s 
ago and today. Second, we shall take a brief look at some of 
the structures used to regulate these environmental factors, 
then and now. Finally, we shall examine some of the meth
ods used to regulate temperature and moisture. 

Sixty years ago, Bailey discussed the importance of mois
ture and temperature of the ai1·; today we not only recognize 
these two as important considerations, but also are concerned 
with the three aspects of light (intensity, quality and dura
tion), with the ca1·bon dioxide content of the air and with 
wind movement. In 1906, moisture, temperature and aeratio11 
v-1ere conside1·ed important aspects of the medium. Since that 
time, we recognize that three additional aspects of the medit1m 
are important-pH. nutrients and organisms. It is as true 
today as it was sixty years ago that the moisture and temper
ature relationships of both the atmosphere and the medium 
exert the greatest influence on the rooting of stem cuttings. 
And it is only natu1·al, that as we refined our knowledge of 
and improved our methods to control moisture and tempera
tt1re, we could then recognize the importance of other factors 
on the rooting of cuttings. 

The structures in use sixty yea1·s ago were designed pri
ma~·ily to regulate moisture and temperature. Bell .i ars, hand
glasses, propagation ovens. ·propagation tanks, outdoor and in
door covered frames and the Forsyth cutting-pot were common 
structures used to regulate moisture conditions. Various meth
ods of shading were used to reduce the heat of the sun; crude 
heating devices, without any means of automatic regulation, 
and manure were used to supply bottom heat. 

The structuures in use today are also designed primarily 
to 1·egt1late moistu1·e a11d temper·ature. Cove1·ed f1·ames a1·e 
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used and are an effective mea11s for propagating a wide va1·
iety of plants. Polyethylene enclosed structures are very sat
isfactory. The use of intermittent mist and controlled humid
ification systems have made open benches and outdoor beds 
effective structures for many kinds of cuttings. Thermostati
cally-controlled heating units are used to supply a uniform 
bottom heat. Special structures have been devised and used 
to good advantage. These include the 1·elatively simple tech
niques employed in N earing's Solar Frame and Hancock's Bur
lay Cloud - to the mo1·e sophisticated techniques of Temple
ton's Phytotektor. 

The maintenance of good water relations in the plant tis
sue is essential for the successful rooting of cuttings. There 
are two different ways whereby we can help to conserve the 
plant's water. The first is to maintain a high moisture con
tent in the air. The second method is the application of a film 
of water to the foliage in order to reduce the tissue tempera
ture. Both methods, alone or in combination, a1·e effective and 
have been employed by p1·opagators for many years. For ex
ample, the simplest way, but one which requires the utmost 
skill, is the frequent hand syringing of cuttings to reduce tissue 
temperature and wetting down of the walks and other ground 
areas to help maintain a high moisture content of the air. I 
wonde1· how many hours have been spent in the past sixt~· 
years in the propagation house using a watering hose. 

Closed structures, such as the hand-glass, bell-.i ar, propa
gation box and covered p1·opagation frame, were commonlj' 
used in 1906 to maintain a high atmospheric humidity in the 
small volume of air surrounding the cuttings. Double glass and 
shading furthered the effectiveness of such structures. The1·e 
was, however, no good means of maintaining uniform condi
tions from day to day. 

Covered propagation frames are in use today. One ma.io1· 
change is the use of polyethylene film instead of glass to cove1· 
the frame. 

About 25 years ago, the use of a constant level. sub-irri
gation system was recomme,nded for maintaining a uniform 
level of moisture in the medium. A simple float valve was used 
to maintain the water level. Howeve1·, unrooted cuttings can 
absorb only limited quantities of water and_ the cuttings in the 
sub-irrigated structure need almost as much care as those .iuRt 
mentioned. 

Controlled humidification as an aid to the vegetative prop
agation of plants was the title of a talk presented at the first 
meeting of this Society in Cleveland in 1951 (2). Dr. Chad
wick described the 1·esults of his experiments in which, by the 
use of humidistats, he was able to maintain the relative 
humidity of the air at fai1·ly uniform levels. The develop
ment of an accurate and sensitive humidistat was necessary 
IJefore controlled humidification could be used. 

Within a few years, the propagato1·'s atte11tion was di-
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1·ected to,va1·d the use of mist applied di1·ectly to the foliage. 
The development of nozzles to p1·oduce a fine spray, of mechan
ical and elect1·onic mechanisms to cont1·ol the frequency of 
mist, and the use of solenoid valves to cont1·ol the flow of 
,vate1· have made the misting of cuttings a successful tech-
11ilJUe. The use of inte1·mittent mist 1·esults in a 1·eductio11 of 
tissue tempe1·atu1·es and pe1·mits p1·opagation with little or no 
shadi11g. In the simplest te1·ms, intermittent mist is mechan
izecl sy1·inging. 

Let us now turn ou1· attentio11 to the changes during the 
past sixty yea1·s in the control of tempe1·ature. We are con
ce1·ned with both heating and cooling of the atmosphe1·e and 
,vith heating of the medium. 

Va1·ious methods of shading and the use of manually-op
e1·ated ventilato1·s in the g1·eenhouse were, and still a1·e, in use 
to 1·educe air tempe1·ature. With the advent of mist, howe,,er, 
the necessity of using heavy shading fo1· the cuttings has been 
la1·gely eliminated. Automatic systems for the opening and 
closing of the ventilato1·s a1·e activated by the1·mostats. ' Mo1·e 
1·ecently washed-air cooling systems have been shown to be ef
fective in 1·educing the ai1· tempe1·atu1·e 1n the greenhouse by 
as much as 15 to 20 deg1·ees. W ashed-ai1· cooling systems can 
be controlled manually, by time clocks, 01· by the1·mostats. Re
f1·ige1·ated cooling systems do not appea1· to be economically 
feasible fo1· g1·eenhouse propagation, at least at this time, but 
may be used fo1· propagation by me1·istem cultu1·e. 

The development of efficient heating systems fo1· build
ings has 1·esulted in better heating of the g1·eenhouse. Accu1·ate 
a11d sensitive thermostats, solenoid valves and g1·eate1· effici
enC}' in heat distribution systems a1·e now available. Green
houses can be made 1·elatively ai1· tight by using aluminium 
ba1· caps and by the addition of a laye1· of polyethylene inside 
the glass, thus more unifo1·m ai1· tempe1·atu1·es can be obtained. 

Sixty yea1·s ago the sou1·ces of bottom heat were the sun, 
1·otting manu1·e, small lamps and manually-controlled hot wate1· 
systems. Today, the hot water 01· steam systems are con
t1·olled by the1·mostats. Electric heating cables with thermo
static cont1·0!, we1·e first used fo1· p1·opagation about 35 years 
ago. Quite 1·ecently low voltage electric heat has been show11 
to have many advantages ove1· othe1· methods of supplying 
bottom heat. 

At this time, I will not discuss mechanizatio11 fo1· the con
t1·ol of other envi1·011mental facto1·s we no,v 1·ecognize as im
porta11t fo1· successful 1·ooting. Hopefully, , othe1· members of 
this pa11el ,viii discuss mechanization of the t1·eatment of cut
tings ,vith 1·oot-inducing chemicals, of the wounding of cut
ti11gs, a11d of handling cuttings in units rathe1· than i11dividu
ally. 

LITERA"l"URE Cl1"ED 

I. Baile)', L H . I 906 "!"lie Nt11 se1 y Book-1\ Con1plete Guide to the !V1ult1-
pl1cat1011 ol l'la11ts. l\Idctntll,111, 365 j>p. !Otlt Ed. 
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:! Cl1,1,l1v1ck, I, C, 1!)51 Co1111,,llc<l l1111111<l1lic.111,,11 ,1, ;111 ,1i<I tn vcgct,1t11'L 
i>l<lJ>agatio11 ' PIVC(tCdi11g1, P[(/11( ]'1<Jj)<{gt1/,111' ,~()Clti/)1, I 38-3!) 

PERCY EVERETT: Again we thank yotl, Bill, and ,ve als(> 
tha11k the Eastern Region fo1· letting us have you occasionally. 
We have been fortunat•e to have at least four of the Easte1·n 
members with us this mo1·ning. We'1·e going to introduce to 
)'OU now a man that has, pe1·haps, not been so well aC(JUainted 
with the Weste1·n membe1·s. It's 11ot his fi1·st visit to Califor-
11ia, by any means, but 1 think it is his fi1·st visit to one of ou1· 
meetings. Vincent Bailey, of the J. ,r. Bailey Nurseries, St. 
Paul, Minnesota, is going to discuss ou1· next sub,ject - the 
mechanization problems that he has had, what they are doing 
110w, and how they have met competition. M1·. Bailey was 
raised in the nu1·sery business, which was started by his 
fathe1·, J. V. Bailey, in 1905. Vince was a graduate of the 
University of Minnesota - in ho1·ticulture - in 1929. He's 
been President of the Ame1·ican Association of Nurserymen, 
1960-1961, and was President of the Eastern Region of the 
Plant Propagators' Society in 1964-65. He is very active in 
the management of the J. V. Bailey Nursery, in the produc
tion areas pa1·ticularly. So now, Vince, will you come up and 
tel1 about the va1·ious means you have of meeting present day 
competition? 

MECHANIZATION IN MODERN PROPAGATION 
VINCENT BAILEY 

J. V. Bailey Nu1·se1'y 
St. Pa1il, Minnesota 

Technically this sub,1ect involves the. idea of the t1se of 
machines in propagation; however, I am going to deviate or 
take some liberties with the, assigned subject. I am sure you 
will ag1·ee that the word propagation implies to the nursery
man and the 1·esearch man not only the successful reproduc
tion of a plant but f urthe1· involves the successful establishing 
of this liner in a media for g1·owing on to a useful size for dis
t1·ibutio11 to the final consumer. 

Webster says, ''A machine is any cont1·ivance to increase 
and 1·egulate motive po,ver, an engine, a light carriage, or ve
hicle." Some of the methods we, at the Bailey Nurseries, are 
110w using do not truly involve machines, but they do involve 
implements which g1·eatly improve the results and lower the 
labor costs. We are all interested in improving the quality of 
our liners, and this it as it should be. Most producers are 
finding that the buying public is very much interested in high 
(lUality and, what is mo1·e impo1·tant, they are willing and able 
to pay for it. 

I will confine my 1·emarks to propagation by cuttings even 
though this is only a small part of the inte1·ests of this group. 
First, let me talk about our methods of handling hardwood 
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cuttings. Such common items as Lo1lice·1·a, P/1,ilaclelpll'tts a11d 
Spi1·aeas give us little 01· no t1·ouble, but we have cut ot11· costs 
almost in half by adopting ce1·tain methods. 

In school we we1·e taught to make a clean cut at the base 
of each cutting, but a few yea1·s ago we became a little skepti
cal of the need f 01· this. We expe1·in1e11ted with the use of a 
fine-tooth band saµ, and founll that the percentage rooted ,vas 
,,er,r nea1· to 1·esults obtained u11de1· the old method. The use 

0 

tlf this machine inc1·eased the output 'pe1· man-hour many fold. 
\Ve make approximately 1,000,000 ha1·dwood cuttings each 
~'ea1·, so ~'OU can see the saving is tremendous. This work is 
done 111 the slack pe1·iod of late winte1·. The cuttings a1·e pack
ed i11 used 01·ange c1·ates ,vith moist peat afte1· a quick dip in 
IBA: n1ost of the cuttings the11 go into refrigera.ted (34 °F) 
sto1·age until planting tin1e, t1sually April and early May in 
ou1· area. 

Planting is done bJr hand; howeve1·, we use tre11che1·s fo1· 
opening furrows. Th1·ee blades spaced two feet apart 01· five 
blades spaced one foot apa1·t are mot1nted on a frame with a 
three point hitch on the tractor. I shall show slides of the ma
chine and the plants a little late1·. This requi1·es six foot tread 
of tractor wheels. Only an ordina1·y vegetable cultivator is 
11ecessa1·y. Digging in the fall is done by mounting a blade on 
this san1e tracto1·. 

You may wonder why I devote so much time to such a 
common procedu1·e as p1·oduction of plants from hardwood 
cuttings, but I feel these methods have yielded g1·eat 1·eturns. 
Figures indicate the value of the crop pe1· ac1·e va1·ied between 
$1,000 and $10,000. This is all fo1· a one-season c1·op. Very few 
of these line1·s end up on the b1·ush pile, but we review our 
planting schedule annually. 

Now let me very b1·iefly tell of ou1· mechanization of soft
wood cutting p1·oduction. leaving out p1·ocedures that have 
been discussed at 1·ecent meetings. We make plantings in the 
g1·eenhouses and in outside beds. Pu1·e sha1·p sand is used as 
a rooting medium - also IBA ho1·mone whe1·e needed. The 
th1·ee houses are air-conditioned and equipped with humidity 
controls. Our outside beds a1·e 22 feet in diameter with the 
sprinklers set in the center. This is inexpensive and has 
p1·oven quite successful fo1· many species. 

We ha1·de11 the plants off by N ovembe1· 15 and then 1·011 
then1 up in polyethylene sheets, 250 to 500 pe1· bundle. Most 
11urserymen then pot these rooted cuttings, but we feel we 
are getting bette1· quality at much lowe1· cost by planting di-
1·ectly in the field or in containers the next spring. Think of 
the labo1· saved in just getting 100,000 of these bare-root 
plants to the planting site versus transpo1·ting 100,000 liners 
in peat pots. 

Soon afte1· November 15 we put a crop of conifer cuttings 
into the greenhouses using the same humidification and air
conditioning systems. About May 20 (after danger of frost 
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is over) these 1·ooted cuttings a1·e placed di1·ectly into contain
ers 01· into beds. This method of bypassing the common prac
tice of potting these rooted cuttings is p1·oducing a better qual
ity line1· and saving many thousands of dollars. Those placed 
in beds are handled in the same manner as described earlier 
for the hardwoods. 

Cuttings placed in containe1·s a1·e wate1·ed by the ove1·
he~id Skinne1· system. Fe1·tilizer is alternately applied th1·ough 
the i1·rigation system and as a solid, slow-1·elease material. 
Potting mate1·ial is a U. C. mix ( one-half peat and one-half 
sha1·p fine sand). All mixing and containe1· handling is com
pletely n1echanized. 

Our methods definitely would not apply for all propaga
to1·s. but some adapta.tion of these methods will result in sav
ings. After all, the comme1·cial growe1· must make a profit 
,vhile keeping quality in mind. We, as propagators, have an 
obligation to the American public to supply the very fast ex
panding market for plants. I know that we can meet this 
challenge by being alert to change and adopting new and im
p1·oved methods. 

PERCY EVERE'l'T: Thank you, Vincent. Now we come out 
to the West Coast, in pa1·ticular to the southern California 
a1·ea, to hea1· what the Research Director of the Monrovia Nur
sery Company has been doing and wants to tell you about. 
Conrad Skiminia is a graduate of the University of Illinois, 
1955, and his field is pri11cipally agronomy and soils. He is 
with the Monrovia Nursery Company, considered, I believe, to 
be one of the la1·gest p1·oducers of container-grown nursery 
mate1·ial in the world. They have become so large they need 
Research Directors i11 the various fields, and Conrad holds this 
position. This is a way some of the large1· organizations have 
of meeting the present day needs of our industry. 

Conrad, will you come up and tell people how you handle 
things at Mon,·ovia? • 

' 

MECHANIZATION AT MONROVIA NURSERY COMPANY 
CONRAD SKIMINA 

Mo1·i1·ovia Nurse1·y Company 
Azusa, California 

-
Mecha11ization is the use of devices, facilities 01· systems 

which will 1·educe labo1· requirements or create a mo1·e effici
e11t opera.tion. With the increase in costs, the nurse1·yman has 
to look for ways of cutting down expenses. One way is to de~ 
velop a machine or a system that reduces expenses. Not all 
machines are made to save on labor directly, but thei1· int1·insic 
purpose is to reduce labor costs whether directly or indirectly. 
Fo1· example, soil sterilization may be used directly to control 
plant diseases - however, this indirectly reduces labor because 
plants can be p1·oduced in a sho1·te1· time with less labor. 
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Designing a machine to do certain tasks in a nursery pre
sents many problems normally not encountered in manufactur
ing. For example, 

1. #e are dealing with clisuniformity. Eve1·y plant is 
different - and, it is dynamic - always changing. 
At Monrovia we have over 1000 varieties of plants 
and each variety has its peculiarities. In contrast, in 
the manufacturing industry the basis of automation is 
unifo1·mity and exact duplication. 

2. Q AlJr·asion - from sand, soil, and g1·it is another p1·ob-
lem. r:t is mu1·der on fine machine parts. · 

3. The physical problem of soil bridging, clumping, stick
iness, resistence to flow, adhesion - all add to the 
complexity. 

4. The chemical problem of moisture plus chemicals is 
hard on machines. 

5. The potential clisease problem is ever pres.ent. For ex
ample, in order to design an automatic pruning device 
you have to remember that this is an excellent way to 
spread ce1·tain diseases. You have to design with this 
in mind. 

T will now show some slides of certain production devices 
and facilities in use at Monrovia Nursery. 

1. This is our steam pasteu1·ization • chamber fo1· propa
gating media. Flats a1·e filled with propagating mix, set on a 
1·ack and then moved into the chamber. I like to call this our 
pasteurization chamber since we do not sterilize at 212°F., 
but_at 140°F. The rack of flats is left in the chamber until the 
coldest flat reaches a temperature of 140°F. for· one-half hour. 
We do not mix the steam and ai,· at the point of entry into the 
chamber, but recirculate it after it has entered the chamber. 

2. This shows the ductwork in re-ci1·culating the steam 
and air. A thermostat sensing-bulb is installed in the return 
duct to detect the temperature of the air plus steam mixture 
and it regulates the opening of a steam valve to allow a certain 
amount of steam to enter in orde1· to make up the difference 
in heat required. We like to maintain an air-steam tempera
ture of 150-155°F. until the coldest point reaches 140°F. for 

· one-.rialr' l1our. The time interval for this period has been pre
determined fo1· different times of the yea1· so all that is neces
sary is to set a timer and the rest is automatic. 

3. This is the type of elect1·ic ca1·t and rack we use to 
haul flatted cuttings between the cutting department and the 
particular p1·opagating structure. 

4. This shows a birds-eye view of our new all-plastic, 
steel, and concrete p1·opagating house. The sheathing is an 
ac1·ylic-fortified polyester fiber glass; the structural members 
are steel, epoxy-coated; the benches are steel and concrete. 
The house is 90 x 185 ft. -· all clearspan - no posts anywhere 
in the house. This is a controlled environment house - the 
atmosphere is maintained at a pre-set relative humidity by 
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hyd1·aulic and pneumatic nozzles a11d cooling is effected by 
evaporative coole1·s. The benches a1·e heated by conductivity 
- that is, the heat transfe1· is f1·om a liquid to solid to solid, i.e., 
f1·om hot ,vater to pipe to bench to flat. 

5. Each side aisle in this greenhouse has a sliding doo1· 
on both ends. The purpose of this is to facilitate traffic and 
futu1·e mechanization. Some time in the future, we will be de
signing a na1·1·ow cart to haul fla•s di1·ectly from the c1itti11g 
depa1·tment to the bench with the mi11imum of handling . .. 

6. This is the interio1· of the ho11se. All members a1·e 
painted with a white epoxy to increase the amo1i11t of 1·eflectecl 
light. 

7. This shows preliminary const1·uctio11 details of the 
benches. The suppo1·t f1·ame is steel; the top v.rill be concrete. 

8. A close-up of these · benches shows the copper tube 
heating g1·id to co11duct hot water th1·ough this bench. A one
half inch laye1· of Sty1·ofoam was laid down to reduce heat loss 
downwa1·d. This was followed by 4 x 4 reinforcing steel mesh 
upon which redwood space1·s we1·e placed; ( to separate the 
overlying copper tubes f1·om the steel) then the copper tube 
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. vious tests have indicated that 85 o/v less heat is 1·equired to 
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1·adiation methods. 
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every 40 seconds, it was necessa1·y to have a sufficiently large 
loade1· to keep this shredde1· supplied. A l l/2 yd. Hough load
e1· maintains a constant flow of soil f1·om the shredde1·. 

11. This is our fertilizer batching operation. We buy the 
basic ingredients such as ammonium nitrate solution, calcium 
ammonium nit1·ate, potassium salts, magnesium salts, phos
phates, and blend them into our own fo1·mulas for our constant 
feed system. We make our own i1·on chelate for inclusion in 
ou1· fo1·mulas. Liquid ingredients a1·e metered into the batch
ing tank; solid materials are weighed and added. All necessa1·y 
ingredients are then blended and dissolved by hydraulic agita
tio11 until a t1·ue solution is obtained. It is then pumped to a 
central holding tank which feeds seve1·al fertilizer pumps so 
that there is very little actual truck hauling of concentrates. 
Some of our concentrate feed lines may run 1/i of a mile to 
supply distant fertilizer pumps. 
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12. 'l'his illust1·ates the basic p1·inciple of ou1· constant 
feed system. The flow meter measu1·es the water flow in a 
1naii1 i1·1·igation line. A signal is gene1·ated and afte1· passing 
th1·ough a Servo system, 1·egulates an in.iector pump. The 1·e
sultant fortified i1·1·igation wate1· is then analyzed by a con
ductivity'' probe. This signal is then transmitted to a central 
1·ecording pa11el ,,,hich keeps a 24-houi· 1·eco1·d of elect1·ical con
ductivities of all six of ot11· in.iectio11 points th1·oughout the 
11 u 1·se 1·y. 

13. This is ou1· constant. fe1·tilizatio11 pump. It was design
t~d specifically fo1· us. It has a volu1net1·ic injection capacity 
of ove1· 1000 to 1. The pump will respond from a flow of 40 
gpm to 1200 gpm in 10 seconds. It begins to pump automati
cally with the flow and ceases to pump when the flow stops. It 
has a solid s.tate elect1·onic cont1·0I system. It injects fertilizer .. 
at a pre-selected liriear· flow as opposed to pulsating or recip-
1·ocal feed pumps. 

14. This is a gasoline mete1· which is used to measure the 
flow in the wate1· line. A signal is gene1·ated by a tachometer 
and t1·ansmitted to the cont1·ol cabinet. This is a direct dis
placement meter. However si11ce it was built for gasoline ser
,,ice, bea1·ing wea1· is high. On the other hand a water mete1· 
is g;:ossly inaccu1·ate. Because of cor1·osion and maintenance 
problems we will be expe1·imer1ting with tu1·bine and magnetic 
induction meters fo1· measu1·ing wate1· · flow. The magnetic 
induction meter has the greatest appeal f1·om the standpoint 
of maintenance. It has no moving parts and all parts contact
ing fluids are 1·esistant to corrosion. 

15. We designed this combination spray-d1·ench truck 
,,,hich can apply high p1·essu1·e sprays 01· high volume - low 
p1·essu1·e drenches. Any suspendable material can be applied 
as a drench - such as blood meal, cottonseed meal, hoof and 
horn, urea-formaldehydes, limestone, hyd1·ated lime, herbicides, 
etc., 01· any sprayable mate1·ial can be applied. All materials 
a1·e hydraulically agitated. One or two pumps supply all of the 
ene1·gy fo1· the system. This drench truck can apply a 125 ml 
stispension to a one-ga.llon can in 0.46 seconds per can. This 
cuts application labo1· costs at least in half. 

. 1 i:; This is ou1· new straddle tractor designed for us for use 
di1·ectly over container beds. It is the first one of its kind in 
the United States for use specifically in container-growing 
operations. There a1·e many pieces of equipment available fo1· 
field crops, but there is no tractor fo1· container-growing. This 
tracto1· was built to determine what ope1·ations would be feasi-

. ble to do with equipment like this. The purpose here, of 
cou1·se, is to reduce hand labo1· as much as possible. The 
wheels can be turned 360° so that when the operator ap
proaches a bed of one-gallon cans, fo1· example, he can turn all 
four wheels 90° a11d e11'cer the bed. I',ts pu1·pose is to st1·addle 
the bed so that oper·ations can be performed directly ove1· the 
plants. Certain functions in this way can be performed with 
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g1·eater ease, such as selection of mate1·ial fo1· orde1·s, ,,,eedi11g, 
sp1·aying, i1·1·igation, fertilization, and t1·ansportation. Initially 
ou1· intention was to build a one and 5-gallon canning machine. 
Howeve1· the type of one-gallon canning machine we con
templated would tu1·n out 50,000 gallons per da.)' and p1·esent 
equipment wot1ld be inadequate to haul canned stock out to the 
beds fast enough. Conseqt1ently ,ve had to build the ho1·se be-

• 

fo1·e the ca1·t - hence the t1·acto1·. 
PERCY EVERETT: Ot11· 11ext speaker, 0. A. ''Jolly'' Bat

cheller, is head of the Depa1·tment of 01·namental Ho1·tict1 ltt11·e 
at Cal Poly, Pomo11a, Califo1·nia, and his problem is to t1·ai11 
you11g people that a1·e interested in ho1·ticultu1·e to take ove1· 
and to b1·ing fo1·th new ideas and to be able to ope1·ate the com
plex mechanisms Con1·ad Skimina has .i ust shown us, as well 
as the mo1·e simple mechanisms. Jolly is going to introduce 
t,vo of his students ,vho will p1·esent pape1·s on work in p1·opa
gation they are doing. 

I visited Jolly one time ove1· in his working area. Of all the 
da1·ndest little gadgets that fellow had wo1·ked up. I imagine 
he's going to show you some of those little gadgets today. Now 
I ,vould like to int1·oduce J oily ''Whistler'' Batcheller: 

• 

CHALLENGING TECHNIQUES IN PLANT PROPAGATION 
• 

0. A. BATCHELLER 
Califo1·nia Polyteclinic Coller1e 

Pomo1·ia, Califor·nia 

'l'he advances made du1·ing the last 50 yea1·s i11 the p1·0-
d11ction, handling, and germination of seed are well kno,vn to 
all of us. The quality and quantity of seed has become a con
sta11t and reliable facto1·. In the area of cutting propagation 
we have also made g1·eat strides by use of special rooting 
media, ho1·mones, and mist. The one a1·ea whe1·e little has 
changed in the process of growing plants is that of t1·ansplant
ing and the handling of the seedling 01· cutting once it is root
ed and is 1·eady fo1· t1·ansplanting. This is still the same 
process of carefully lifting the individual plant, carefully plac
ing this in a containe1·, and surrounding the new roots with 
potting soil. There has been little change, if any, 1·egarding 
the soil, with the exception that it is now sterilized and pe1·
haps mo1·e carefully p1·epared. It still is a loose, pliable mix
ture with just enough moisture to form a ball when held tight
ly in the hand, and yet of such a st1·ucture that it will break if 
this ball is dropped a fe\\' inches on a hard surface. Soil is still 
handled much as it has been o,1e1· the centu1·ies wheelba1·1·ow, 
shovel, trowel and by hand. Eve11 hoppers with vibrators at
tached have been t1·ied, but the difficulty of measuring out 
exact quantities is still a p1·oblem and usually necessitates 
over-filling of the container with the excess being scraped off. 
In the planting of new seedlings and rooted cuttings this is 
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not feasible and the placing of young roots into a dibbled hole 
has a tendency to misshape or crowd the 1·oots. 

A year a.go our advanced plant propagation class explor
ed all possibilities of improving the present system and came 
tip with the idea of using soil, not as a semi-dry, loose solid, 
but as a slurry. Taking a page from the plaste1·ing trade, it 
is possible to mix and move the desi1·ed soil mix under pres
sure through heavy hoses. With this in mind, it is also easy 
to meter ot1t exact amounts of the material to uniformly fill 
containers to a consiste11t level. Because of the semi-fluid na
ture of the mix, it is possible for it to flow between and a1·ound 
roots or ball and make immediate moist contact with all roots. 
This is aided by a slight vibration which can easily be provid
ed at whatever point is desired. The 1·emoval of the excess 
moistu1·e in the soil mix (such as the University of California 
mix) is done by the use of a partial vacuum. This not onl)· 
reduces the moisture content to a desi1·able growth conditio11, 
but it also firmly holds the cutting 01· seedling in place at its 
desired position and depth. 

I am sure you realize that no funds, or time, a1·e available 
at California State Polytechnic College for research and, ihe1·e
fore, it has not been possible to actually establish a working 
model of the proposed operation. However, the process was 
studied by a group of senio1· students in the Mechanical En
ginee1·ing School and all of the suggested mechanical ideas 
were found to be already in operation in other fields. No 
phase was considered in any way to p1·esent a problem. 

I .would now like to turn the presentation over to my stu
dents, Steve Hillme1· and Mitchell Hoyles, who will give a 
brief demonstration of the principles and some of the units 
they have developed while working 011 their senio1· project 
( t1ndergraduate thesis). 

MECHANIZED POTTING 
STEVE HILLMER 

Calif 01·nia Polytechnic College 
Pomona, Calif orr1,ia 

The handling of rooted cuttings and seedlings is perhaps 
one of the most difficult aspects of the nursery industry to 
mechanize. The plants are small and tender; their roots are 
not well established, and are quite fragile. Machines are gen
erally too rough in their operation to handle these small plants. 

In the past it has always been not only more economical, 
but safer, to handle the transplanting of these small plants by 
hand. As has been pointed out, rising costs of labor, and a 
disappearing labor pool increasingly lead us to mechanize 
wherever possible. There have appeared numerous potting 
machines for transplanting larger plants into sizeable con
tainers, and seve1·al semi-automatic machi11es to aid in trans-
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planting sinall cuttings and seedlings. What M1·. Hoyles a11d 
I hope to accomplish is to develop a machine that will auto
matically handle and t1·a.nsplant these liners. 

To achieve our purpose, the machine must not only be 
capable of handling and potting these plants, but must do it 
accurately and economically. We are attempting to de,1elop ::1 
basic syste,m that ,viii accomplish this as simply as possible. 
Once this is proven to work, the1·e are a number of modifica
tions and sophistications possible that will increase the ma
chine's scope of operation. 

I hope now to show you quite quickly our present approach 
to solving some of the numerous p1·oblems that such a machine 
must overcome. These ideas a1·e not :iret in the blt1eprint d1·a,v
ing stage, and may seem a bit rough in places. Should yot1 
feel any of these ideas to be impossible, or have any st1gges
tions, we would appreciate your comme11ts. 

The fi1·st problem st1ch a machine n1ust ove1·come is that 
of handling these f1·agile plants. I11 the p1·evalent p1·actice these 
are seeded or stuck into a wood flat containing the media. A& 
the plants develop, their roots twine about each othe1·, making 
it difficult to sepa1·ate them. When the plants a1·e ba1·e-rooted, 
many of these roots are broken, or at the least disturbed. 

A possible solution would be a compartmentalization o-f 
the flat so that each plant has its O\\'n autonomous block of 
media. The compa1·tment would prevent the roots from ming
ling, but ,vould be open on the bottom to prevent root curl. This 
could be accomplished by the use of a plastic gridwork in the 
flat similar to the la1·ge1· pla11t bands now available. By de
signing the grid as a series of separate strips of three-sided 
cells, rather tha11 individual four-sided bands, each st1·ip hold
ing a number of plants could be handled as a unit. 

This is a 1·ather 1·adical departure from the standard wa.)' 
of propagating, but would put the plants into a form sturd.)· 
enough to be handled by a machine, and at the same time elim
inate the set-back caused by ba1·e-1·ooting. The plants could 
also be allowed to mature fu1·ther before being transplanted, as 
a media nearer to the composition of a soil could be 11sed. Now 
it is necessary to provide some means of planting this plant 
and its media block into a plastic pot and putting soil around 
it. 

Here we are thi11king of the plants in their plastic grid/ 
band moving along a table, belo,v which ,vould be an endless 
belt with the plastic pots. The plants would be eased out of 
the plastic grid, through a hole in the table and do,vn into a 
waiting pot. This would all be accomplished mechanically, 
with the operator onJ:i, placing the flat of plants on the ma
chine, and refilling the pot supply. 

J.f we stopped here, that would give us a plant sitting in a11 
empty pot and nothing more. Actually the soil could be adcled 
and tamped at this point by hand, but we wot1lcl rather that the 
machine be able to complete the Job. 
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The machine must then be capable of moving the potting 
soil to the pot, measuring it out, and placi11g it firmly around 
the media block in which the plant is growing. To accomplish 
these tasks we are thinking of a soil and water slurry, or 
''mud'', that is semi-liquid and can be pumped. This ''mud'' 
\vo11ld, in effect, be po11red around and below the media block 
much as concrete is poured around a fence post. 

To achieve this semi-liquid state, we find that we cannot 
11se a standard U. C. Mix (1/2 sand, 1f2 peat) because it is .iust 
too coarse and inflexible. By adding about 1 part of loam soil 
01· clay loam to 6 or 8 parts U. C. Mix, however, we are able to 
achieve enough fluidity to pump the mixture. 

This ''mud'' could be pumped b:ir several n1ethods, though 
at present a helical auge1· simila1· to those used in moving 
grain seems the best. It would move the sl11r1·y from an agi
tated hoppe1· through a tube and to the pot. The volume could 
be metered by use of a solenoid valve, 01· by cont1·olling the 
numbe1· of revolutions of the auger sc1·e,v. An alternate type 
of pump would be a diaphragm pump similar to an artificial 
heart which has but one moving part to wea1·, and that made of 
rubber or polyethylene. 

, 

But no,v we will have created a problem that the machine 
must overcome. This soil slurry must be rather soupy to 
properly flow about the plant. Before the plant can be moved 
to the field, it is necessa1·y to remove this excess water. We pro
pose to do this by use of a vacuum suction fitting in which the 
pot sits on the endless belt. As soon as the slurry begins to 
flow in, the vacuum would begin 1·emoving the excess water, 
leaving the soil firm but wet. 

From there the potted plant would move along the con
veyor belt to waiting empty flats and the .iob would be accom
plished. The machine would, of course, have to be planting a 
number of plants simultaneously to make it economical. A 
whole flat, or two flats, of plants could be proceeding through 
the machine at one time, with a line of 20 to 40 plants being 
potted at once. Using such a method we thi11k that such a ma
chine should be able to pot between 4000 and 5000 plants a11 
hour with two operators. 

It will require considerable experimentation to develop 
each of these systems and coordinate each with the others. Be
cause of the time available to us and, of cou1·se, our limited fin
ancial resources, our product will be a very basic prototype, 
handling three or four· plants P,imultaneously, rather than the 
large production of which I have been speaking. We hope also 
to be able to develop specific modifications that would permit 
the machine to handle bare-rooted cuttings, to cull the dead 
plants from live ones, and to enable the machine to handle dif
ferent 11lant and pot sizes. 
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MECHANIZED POTTING 
MITCHELL HOYLES 

Calif 01·1iia Polytechnic College 
Pomona, Calif 01:nia 

The trend i11 all indust1·ies has been toward mechanizatio11 
and the nursery indust1·y is no exception. The mechanical 
operation of doing any .iob has proven itself to be an effective 
means of lowering the cost of p1·oducing a commodity. As long 
as man produces things, he \vill continue to c1·eate mechanical 
means to do it more efficiently. 

Our senior pro.iect is conce1·ned with the aspect of tra11s
planting rooted cuttings and seedlings into plastic pots by ma
chinery. This machine will automatically do all the necessary 
steps involved in potting. It will handle the plants, the soil 
and the pots. 

An experienced worker can pot approximately 2500 cut
tings a day. For any machine to be effective, it must do at 
least that. Hopefully, this machine will do many times more. 
In order for such a machine to operate certain theories must 
be examined and tested. One of these theories would be to 
eliminate bare-rooting the cuttings b)' compartmentalizing the 
flats. Another theory would be to treat the soil as a semi
liquid slurry and pump it into pots. 

Our machine will be very simple. It will be designed mere
ly to illustrate the principle. Before any machine can be con
structed that will be competitive with hand labor, much re
search, testing and acttial building must be done. We feel that 
if the principle can be effectively shown, a competitive \Vork
ing model will follow. 

PERCY EVERETT: I think, J oily, that you can be very p1·oud 
of these two students and I \\'ould suggest that some of you 
nurserymen, if you're going to stay up on top of the game, 
better either grab these boys - or you'd better jtist quietly 
leave the nursery business. They're going to come up with 
some ideas that will probably put all you1· othe1· mechanical 
gadgets out of working order. 

Now at this time we will have a Question and 1\nswe1· 
period. I'm sure that there must be a lot of questions. 

DAVID ARMSTRONG: I'd like to ask Vincent Bailey what 
method he used for digging his plants. 

VINCENT BAILEY: In the two-year, nine-foot, rows we 
used or designed a U-shaped digger with a lifter on it that could 
be attached to the same tractor that does the culti,,ating. We 
use an ordina1·y vegetable cultivato1·. Then we attach the ten
inch blade, with a lifter, and go along behind and pick llp the 
plants and load them onto a truck. There's one farm that was 
bought specificall:1' for this purpose becat1se of the sandy loam 
soil. 

DAVID ARMSTRONG: You're bare-rooting all your material? 
VINCENT BAILEY: Yes. 
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. LLOYD J OLEY: I would like to add, that at the suggestion 
of Dr. Hesse, U11ive1·sity of California at Davis, we have suc
cessfully used slurrys around peach seedlings in transplanting 
f1·om the greenhouse to the field. It works very well. 

I. would like to ask a question of Mr. Bailey. How do you 
1J1·otect your containe1· stock during the winte1· at St. Patll '? 

VINCENT BAILEY: That's an embarrassing t1uestion. We'1·e 
still doing some research on it. The Unive1·sity of Minnesota 
1s ,,e1·y helpful. I don't think we made a dime with ou1· pro
tlt1ctio11 of rough!.)' a half million containe1· plants. We're still 
hopeful. We have trouble over-winte1·i11g some of the so-called 
ha1·dy plants in the area; things like Pfitze1· .i unipe1·s that 
11eve1· give us any p1·oblem in the field. The1·e's an answer, I'm 
st1re; we'1·e still looking for an efficient and economical mech
a11ized means of ove1·-wintering container-stock. 

EDWARD JELEN FY : In field-g1·own stock - how often is it 
1·oot pruned or is it? , 

VINCENT BAILEY: Well, for instance with Prunus c·istiria, 
,ve do not 1·oot p1·une them in the field. They are grown only 
t,vo .)'ears and we get two to three foot plants in four-foot spac
ing of the rows. We have tried growing them three years and 
find that the 1·oot system is not as fib1·ous and concentrated 
as it should be. L think we'll restrict growth to two years and 
transplant if we want a larger size. We do not do any root 
p1·uning of that class of stock in the field. 

VOICE: M1·. Bailey, I'm curious to know what happens to 
.)'ou1· two-year-old junipers that you dig bare root until they 
1·each the consume1·. 

VINCENT BAILEY: They a1·e dug in a do1·mant condition 
in the spring, which fo1· us is Ap1·il to, pe1·haps, the tenth of 
May, and anything which isn't immediately shipped out is put 
in storage at 34 °F., (automatic humidification, no packing) 
and we plant p1·obably 50 to 70 thousand per year in our own 
fields, but we do have a certain amount of them to sell. You 
ask what ha.ppens - they go into a balling field, spaced rough
ly 3 by 5 or 51/2 feet. In most parts of the United States this 
procedure is more common than it is here in California. 

VOICE: Do you dig or do your balling at this specimen 
spacing, 01· can it be done by hand? 

VINCENT BAILEY: We have anticipated buying one of the 
balling machines which was developed within 20 miles of us, 
but we're not su1·e that we will. We dug a few hundred plants 
this fall by hand; where you dig everyone in the row they are 
spaced close together. This is a new type of product for us. 
We're aiming at the garden center ma1·ket with this th1·ee-year 
plant and we need a hundred per cent. The off-shaped ones 
will need to be th1·own away or transplanted into what we call 
ou1· ''balling'' field; it's a new type of market and we'1·e not 
su1·e yet if we're going to use a mechanical baller or hand ball-
• 1ng. 

MARTIN USREY: Percy, I have an observation to make on 
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the mechanization of the cart we've built, or a potting machine, 
or canning machine. If any individual fi1·m goes into it it's 
lIUite expe.nsive. We will p1·obably have $20,000 in this ca1·t 
we've built. If there's some way that the p1·opagato1·s of the 
nursery industry can get manufactu1·ers to take some of these 
things over and produce them, they can be p1·odt1ced for one
thi1·d the cost - but the l}uestion is, how can we get them to 
tio it? 

PERCY EVERET'!': I suppose it's a matte1· of dema11d 011 the 
pa1·t of the nurse1·y indust1·y and, pe1·haps, there a1·e not enough 
nurseries in the United States that are of the large ope1·ation 
that your fi1·m is, Martin. 

MARTIN USREY: No, I thinlc that the1·e is a demand, eve11 
if this one wants one and that one \Vants one; say we need 25 
and if you start around the count1·y. pe1·haps in total the nt11·
se1·ies would \Va11t a hundred or two hund1·ed. How can we get 
this idea ove1· to a manufactu1·e1· to go into p1·oduction with it? 

. ED WooD: Well, since \Ve heard f1·om the immediate past
president of the AAN, we should also tie in and make this a 
plug for the Horticultu1·al Resea1·ch Institute, which is head 
over heels in this thing. It costs you $100 a year. It's helping 
the industry. It's doing the thing that Martin's talking about. 
They a1·e no\v "'01·ki11g on n1echanization needs of the industry, 
all the big balling machines; they a1·e doing anything and 
everything you can think of -directly with Royer and the 
other nation-wide manufacture1·s - hoping to fill this void 
that ,ve have f1·om p1·oduce1· to manufactu1·er to get what we 
need to work with. 

PERCY EVERETT: Ed, I thi11k yOll and Ma1·tin l)ette1· get 
togethe1· on this. I would imagine, too, that .iust f1·om what 
little I kno,v about it that the ag1·icultu1·al engineering depa1·t
ments of the universities, the state universities, work closely 
in this area. They certainly do in the p1·oduction and the har
vesting of many c1·ops; I would think nu1·sery p1·oducts are a 
very legitimate crop. Undoubtedly the universities are doing 
something. 

We're no,v going to continue ou1· panel along the gene1·al 
a1·ea of ''Challenging Techniques in Plant P1·opagation'', by in
troducing a man that so many of us always says needs no in
troduction. He has grown up in the nursery business from the 
ve1·y beginning. It gives me a g1·eat deal of pleasure to intro
duce Bruce Briggs from Olympia, Washington. He is going to 
tell you about his additional work with ''air propagation''. 
Brt1ce -
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AN EXPERIMENT IN AIR-ROOTING 
BRUCE A. BRIGGS 
B1·iggs Nu1·se1·y 

Oly·mpia, Washingtv11, 

Stimt1lated by the fa1·-1·eaching talk1 by D1·. J. P. Nitsch of 
.B'1·a11ce entitled ''P1·opagation in the Year 2000''; we we1·e in
spi1·ed to attempt a expe1·iment in ''air-1·ooting''. The princi
ple was to induce 1·ooting in a mist chamber, rather than in the 
t1st1al media of sand, peat, etc. I have proceeded using basical
ly an open case with the tops of the cuttings exposed: Anothe1· 
nt1rseryman in Olympia, John Eichelse1· of the Melrose Nur
se1·y, has conducted simila1· experiments using a closed case, 
but still confining the misting to the basal pa1·t of the cuttings. 

The case was made similar to a g1·afting case with a 1 x 
12 board used on each side. Flats made with wooden sides and 
11/2 mil polyethy Jene bottoms were set on top of this case. The 
cutti11gs we1·e inserted through the plastic, leaving the tops 
above and putting the basal part down into the closed cham
be1·. Black polyethylene was found to induce better 1·ooting 
than clea1· poly. A single layer was adequate for summer root
ing, but a double layer p1·ovided additional insulation during 
the winter months to maintain higher bottom heat. It also 
se1·ved to keep the tops coole1· in the closed case. 

The cuttings were p1·epa1·ed in the same manner as for in
se1·tion into conventional media. They \Vere treated with a 
drench of Captan, dried, dipped into Jiffy Grow2

, left to dry 
a few minutes, and then stuck through the plastic. In order 
to avoid washing off the ho1·mones applied that day, no water 
was applied to the base and only a light misting on the tops 
fo1· 24-houi·s. Afte1· that, moistu1·e was applied 24-houi·s a day 
to the bases within the chamber. 

An insulated water pipe was used to carry hot wate1· 
(120°F.) from a water heater to the chambe1·. It was misted 
onto the base of the cuttings th1·ough fogger nozzles spaced 
closely enough to create a de,nse fogging. An interval of 5 
seconds every 6 minutes was necessary to maintain enough 
warmth in the chambe1·. In the sp1·ing when the weather warm
ed, overhead misting was applied through #300 brass, Flora
Mist, nozzles set for 5 seconds eve1·y 12 minutes during the 
heat of the day. 

Afte1· about a year of testing, we determined that some of 
the cuttings were receiving too much water and were rooting 
poorly 01· too slowly so we devised a new way of misting the 
roots using two Standard automatic humidifiers. To broaden 
the scope of the expe1·ime11t, two 11ev,, chambers v,re1·e set up, 
each one having a section of closed case and open case. One 
chambe1· 1·eceived fog containi11g ho1·mones with 1 % active in
gredients, which were fed into the humidifier at the 1·ate of 1 
ounce per 3 gallons of water. This was applied constantly for 
1lntcrnat1011.tl Pld11t Propugdtors' Society, C0mb111ed Proceedings Vol 14, pp 316~324 1964 
2Act1ve 1ngred1ents IBA and NA A (O 5o/c each), phenylmercur1c, buro11 
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a few days and then tape1·ed off to only afte1·noon application 
with the mist turned off during the night. 

We we1·e working toward checking fu11gicide dips, rela
tionship of ho1·mone st1·ength "rith and ,vithout bottom feed
ing, reactions to hormone st1·ength in the closed case, top feed
ing, use of st1gars, kinins and othe,1· facto1·s affecting 1·ooting 
as reported by Richa1·d T. Vande1·bilt.' During this last sum
me1·, we had some sun damage from lack of adet1uate shading, 
so only pa1·t of the work was done, and 110 heat was t1sed i11 these 
11ew chambe1·s. 

During this last summe1·, we also continued fu1·the1· testing 
using the original hot water chambe1·. We installed 3 M. P. 
p1·oportioners and used one check, testing different liquids 
applied to the cutting bases through the hot wate1· under both 
closed and open f1·ame conditions. Additional work will be 
necessa1·y to prevent excessive loss of heat as the water passes 
through the proportioners. 

This ''air-rooting'' has been an inte1·esting and rewarding 
expe1·iment. At the present time, it hardly seems suitable for 
commercial p1·opagation, but the basic p1·inciple is sound. We 
have been able to root most plants equally as well in air as in 
the conventional media. The1·e are added advantages of addi
tional cont1·ol of hormones, ,vate1·, and heat. Further, you can 
actually watch you1· cuttings rooting. This makes it an ideal 
method for basic research, the classroom, 01· p1·actical research 
a1·ound the nu1·sery. 

At the present time, afte1· two yea1·s of expe1·imentatio11, 
,ve could summa1·ize ou1· findings as follows: 

1. Some cuttings ,viii root in the light, but fo1· the best 
results darkness a1·ound the basal pa1·t of the cuttings is neces
sary. 

2. Both the amount of wate1· and sunlight affect ''ai1·-
1·ooting'', the same as rooting in conventional media. Too much 
water slows down or inhibits 1·ooting, either by leaching auxins, 
ho1·mones, co-facto1·s, 01· othe1· materials. 

3. The amount of ho1·mone and the method of application 
must be geared to the specific 1·ooting conditions. Equally 
good 1·esults may be obtained by basal, pre-dipped, or foliage 
applications when in the p1·ope1· p1·opo1·tions. (a) The concen
tration of hormone 01·dinarily used for rooting cuttings under 
mist, causes burning when used unde1· closed-case conditions. 
applied either as a pre-dip or fed later th1·ough the mist. (b) 
Heavy misting 1·equires a heavie1· application of hormones than 
light misting. ( c) Foliage feeding of ho1·mones on some 
easily rooted plants 1·esults in the formation of too many roots 
nea1· the top of the cutti11g. 

4. ''Air-rooted'' cuttings may be t1·ansplanted in the no1·
mal fashion and ,viii p1·oceed without setback toward a normal 
growth. The roots fo1·med on ''ai1·-1·ooted'' plants in many 
cases seem toughe1· and mo1·e ha1·dened than those formed in 
1The auxin effects of son1e comnto11 fu11g1c1des ,ind other che1n1cals The Plant Prop.igator, Vol II, 

No 3, Fall, 1965 
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soil. The timing of the transplanting is no more critical than 
for other media. Cuttings may be held in the rooting chamber 
for three months or so after rooting and will continue to grow 
without additional feeding. 

We intend to carry this resea1·ch furthe1·, working to gai11 
mo1·e control of heating and wate1·ing, and to develop a bette1· 
insulating material to hold the cuttings. With such additional 
refinements, this ''air-rooting'' can point the way to discover
ing more about the ''how'' and ''why'' of conventional rooting 
and lead to improved practices in the commercial field. 

PERCY EVERETT: Bruce, we again thank you fo1· yot1r very 
able presentation. 

Now we come to a man, Wes Humphrey, ,vho has helped 
in so many different ways in putti11g on this prog1·am. I have 
found this to be true of the Agricultural Extension Service 
wherever we go. When people come and ask me about certain 
p1·oblems they're having, and li certainly don't know many of 
the answers, I always refer them to their Agricultural Exten
sion Service. Often they are quite igno1·ant of the fact that 
there is such a service. I'm really concerned that this should 
be so. Wes, will you take over now and tell t1s about the use 
of CO 2 i11 growing and p1·opagating plantR? 

FOLIAGE PLANTS RESPONSE TO INCREASED CO. 
W. A. HUMPHREY AND P. E. PARVIN 

Ag1·icultural Extension Se,;·1:ice 
Uriive1·sity of Calif 01·nir1, 

A 1iahei1n, Calif 01·nia 

Higher daytime temperatures are used for foliage plant 
production which results in longer daytime periods when green
houses are closed compared to many other greenhouse crops 
grown in southern California. A closed greenhouse during the 
light period offers an opportunity to utilize CO, injections for 
growth stimulation. A study was conducted to determine if 
foliage plants would respond to elevated levels of CO 2 in the 
atmosphere during the daylight period when the ventilators 
were closed. This was done in cooperation with Bob Weidner 
at Buena Park Greenhouses, Inc., Brea, California. 

Two 18-foot-long greenhouse sections were used_. one in 
each of two separate greenhouses. Each section was isolated 
by a polyethyle.ne film curtain at each end of the 18-foot length 
and sheets of polyethylene film were tacked inside the remain
ing glass area except for the ventilator area. Temperature, 
light, irrigation and nutritional levels we1·e maintained as 
nearly alike as possible in both units. 

The study was conducted from February to June, 1966, 
using a variety of foliage plants. CO 2 was added in one of the 
sections from a dry-ice convertor furnished by Pure Carbonic 
Co. Levels of CO 2 were measured by the t1se of a Beckman non-
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clispu1·sive inf1·a-1·ed a11alyzer, p1·ovided th1·ough the coope1·atio11 
of Beckman Instruments, Inc., Fullerton, California. 

The level of CO. maintained in the elevated section while 
the ventilato1·s were - closed, i.e. when daytime temperatures 
were below 80-82°F., varied between 750 to 1800 parts per mil
lion. The daily addition of CO, varied with the season. Fo1· 
example, in March it averaged four hot1rs per day while in May 
it was 5.75 hours per day. Another way to look at this would 
be that in April a total of 130 hours of increased CO 2 was 
maintained out of a total of 416 daylight hours. The CO, level 
in the other unit was at or nea1· the ambient air level at all 
times. 

Two p1·1ncipal types of measu1·ements: le11gth of leaves 
and numbers of leaves per plant, were used to determi11e 
whether any growth differe.nces occur1·ed between the sectio11 
in which CO 2 was added and the regula1· section. Fat.~ia japon·ica, 
plants, t1·eated with additional CO 2 , had close to a 25 pe1· cent 
increase in length of the largest trifoliate leaf on each plant 
when measured 15 weeks from seeding date. With pla11ts of 
Deifenbachia picta supe1·ba, started as unrooted tip cuttings, an 
approximate 20 per cent increase in the number of leaves was 
evident in two months on the plants in the CO 2 unit over the 
non-CO 2 unit plants. Another type of plant which responded 
with increased growth in the CO, t1nit was the Bro1neliads. 
Guzmania pecocki showed 16 per cent additional growth in the 
CO 2 section when leaf measurements were compared. 

Additional observations indicated that when unrooted cut
tings were placed in the respective units, those in the CO 2 unit 
developed larger root systems. It was noted also that there 
was a tendency for some of the species to elongate more in the 
CO 2 unit than in the non-CO 2 unit. The light conditions were 
very similar., Temperature differ·ences were practically non
existent. It is expected that the elongating was due to crowd
ing with the additional growth in the CO 2 unit. 

I should caution you in interpreting the above gro"1th 
differences to mean total difference in g1·owth. This is not the 
case. What we were actually compari11g is Just as indicated
vari'ous aspects of the growth difference 1·ather than total 
over-all g1·owth differences. 

You may be interested in the difference in cost in ope1·at
ing these two units. The cost of the addition of the CO 2 aver
aged 46c per day for the total g1·eenhouse area of 1330 cubic 
feet, based on 120 day's use. This would figt1 ,·e out to l)e 0.4c 
per R(tuare foot of bench area per day. 

' 
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CARBON DIOXIDE LEVELS IN PROPAGATION UNITS 
W. A. HUMPHREY AND T. FURUTA 

Agricultur·al Extension Ser1;ice 
Univer·sity of California 

Anaheim, Califor·nia 

Adequate amounts of carbon dioxide (CO 2 ) in the atmos
phere during the daylight hours for plant g1·0,vth is a topic of 
much current discussion. Adequate CO 2 levels should be im
portant in the propagation of plants from leafy cuttings. 

There is little information to indicate the levels of CO. in -
various types of propagation units. Through the cooperatio11 
of Beckman Instruments, Inc. and Select Nurseries, Inc., Brea, 
California, measurements ,vere made in seve1·al types of propa
gation units of the levels of CO. du1·ing the light and dark 
pe1·iods. Measurements we1·e made in cold-frame units, mist 
chambers and in a closed greenhouse maintained with a high 
l1umidity, commonly called a fog hot1se. The cold f1·an1e u11its 
i11 which cuttings began to 1·oot and new leaves initiating 
showed ma1·ked deficiencies of CO 2 during part of the light 
period. (Table 1) Only slight deficiencies during the light per
iod occurred in the mist chamber and in the fog house. Where 
the normal level of CO, in the atmosphere is 308 parts pe1· mil
lion, in the cold-frame- units, which are enclosed plastic units 
kept completely sealed, deficiencies dropped to as low as 150 
ppm and were below 308 ppm for as long as eight hours dur
ing the light period. Repeat measurements were made and 
more than one unit was sampled with different lots of plants 
to validate these measurements. 

The low levels of CO, measured would indicate that. at -
least in the cold frame units, it may be of value to vent them, 
once rooting begins to take place,. One venting may be suffi
cient; however, two to three times may be better to maintain 
at least a level of CO, close to normal air levels. This need not 
be done until the mid-morning period. The reason for this is 
that during the dark period in this type of unit, the CO, level 
builds up as high as 1350 parts per million. This supplies a 
fair amot1nt of additional CO, for use by the plant leaves dur
ing the early light period. Apparently in the mist chamber 
there occurs sufficient venting to give a more normal level of 
CO 2 • This also appeared to be the case in the fog-house propa
gation unit. In these latter units, there was also more air 
volu.me in proportion to the plants and cuttings. 

PERCY EVERETT: Thank you very much, Wes. As always, 
you give a very dramatic and wonderful presentation. I think 
this leaves a lot of thoughts and a lot of questions that are in 
everyone's minds and perhaps next year we'll come back with 
more definite answers. 

Are there any qt1estio11s no,v of eithe1· B1·11ce B1·iggs 01· 
Wes Humphrey? 
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JOLLY BATCHELLER: I'd like to ask Bruce. What is the 
ob,jection to having rooting on the stem? I should think that 
this would be a way that you'd have a greater root ai·ea. I 
should think this would be far more desirable than having all 
roots come out of the bottom ~,here there's a chance for them 
to curl in the pot. Where is your ob.iection? You said this is 
not desi1·able, or I understood you to say this. 

BRUCE BRIGGS: That is correct, Jolly; maybe I can tur11 
this question over to Ed Wood who grows a lot more he1·bace
ous plants than I do and has done much more transplanting. 
Did you find any particular ob.iections when you ran into this 
problem? 

ED WOOD: Yes, Bruce, tisually we got many 1·oots up 011 
the stem before we got them at the base. 

PERCY EVERETT: One question I would like to ask - it 
may be rather dumb; but why can't you cut the pieces tip and 
use each one of those rooting sections as an individual plant? 

ED WOOD: We like to make money too. The bigger we 
root them, the quicker we sell them. If you have to start chop
ping them up, you have t,o grow them for a long time; it's a 
matter of economics. 



RON HUROV: I'd like to ask a question di1·ected to vVes. 
Wes, in the pineapple industry we use ethylene gas absorbed 
onto charcoal and water for forcing pineapple. I was wonder
ing if you had any experience with spraying carbon dioxide 
absorbed onto some absorbent, like charcoal? 

WES HUMPHREY: No, I have not, although I have see11 
references to such an effect even 'in the hot1sehold magazines -
taki11g bottled CO, and squirting it onto plants and apparent}}' 
getting some growth 1·esponse. How much scientific work 
along this line has been done, so you can actually make some 
true measurements, I don't know. 

MRS. WHALLEY: In making conifer cuttings qt1ite often 
there will be .iust one root coming out from one side, a very 
lt1xuriant root, but we find that it's not advisable to leave that 
011e 1·oot on; we feel that we have to start all over, cut it off, 
dip it, and start ove1· because in potting it never makes a good 
1·oot system. That's what we believe. Can anyone tell me wh}' 
this occu1·s in conifers? Other growers in our locality have this 
same experience. Some wound their cuttings and some do 11ot; 
it still occurs in both cases. 

MARION STEPHENS: We've carried on experiments fo1· 
one year to study t}1e effect of ti•ming in rooting cuttings. We've 
found this situation to be true in rooting coast redwood. Cer
tain times of the year you'd get one root. You can't plant such 
cuttings because the root will break off. I,t seems that othe1· 
times of the year a wonderft1l root system will de,,elop. We 
think the time of year we take the cuttings has a lot to do with 
it. 

MRS. WHALLEY: Well, this would just be an occasional 
cutting. Most of them would root fine. 

VINCENT BAILEY: Our observation is that the juvenilit}' 
of the cutting is a factor in this; secondly, use of hormones 
seems to be a great factor in eliminating these one or two roots 
per cutting. 

MRS. WHALLEY: We always use hormones. Do you mean 
perhaps that they aren't as evenly treated as they should be? 
We aways dip our conifer cuttings - either in a powder or a 
liquid. 

VINCENT BAILEY: We at our place like the liquid best. We 
think we get more uniform distribution. We use IBA. 

En Woon: I would like to ask Vince was it the more 
Juvenile or the more mature conifer wood that had a tendency 
to grow the lone root? 

VINCENT BAILEY : The more mature ,vood, in our experi
ence, has a tendency to form only one 01· two rootg per cutting 
rather than a group of roots. 
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CHIKO HARA MAKI: The first speake1· is Mr. Zophar 
Warner from Willoughby, Ohio who will speak on fogging ma
chines vs. intermittant mist. 

FOGGING MACHINES VS. INTERMITTENT MIST 
ZOPHAR P. WARNER 

Warner Nu1·sery 
Willoughby, Ohio 

Since the use of inte1·mittent mist is common, it should 
11ot be necessa.ry to 1·eview the variot1s controls and ways in 
which it is used. However, since the use of fog is not so com
mon, it would be well to explain again how it differs from in
termittent mist. 

Both systems are used to control the water content of the 
leaves. The mist system acts by keeping the leaf surface cov
ered with water droplets, 01· at least covered at close intervals. 
The fogging machine acts by b1·eaking the water into tiny siz
ed particles which spread out and cover all areas of the ct1t
ti11gs; in effect, it is instant and constant humidity. 

In dealing with mist and mist nozzels, the capacity is 
measured in square feet of surface, in the case of fog machines 
it is cubic feet of capacity. 

Humidifiers, which fog machines actually are, have be
come fairly common in recent years both in homes and in in
dustries. The measure of capacity of a humidifier must be 
measured by the amount of water the machine can break up in 
a given time. 

The volume of space that can be served with a specific 
amount of water depends on the temperature of the space in
volved and by preventing, as much as possible, condensation 
and dissipation. In other words, it is necessary to use an un
ventilated, tight, poly-lined house to make the machine effec
tive. If an unlined glass house is used, the fog will condense 
and run off the glass mt1ch faster than it can be manufactur
ed by the machine. This is especially true on cool sunny days. 
If the greenhouse is properly prepared and the capacity of the 

· machine fits the volume of air space, it sho11ld be possible to 
maintain virtually 1007,) humidity. 

Temperature in the fog house will run high, but since 
100% humidity is maintained, most things will root well in 
temperatures higher than one would think desirable. Ninety 
degrees Fahrenheit is a good rooting tempe~a.ture and 100° 
Fahrenheit apparently does not hurt most cuttings. To con
trol the temperature, a fairly heavy coating of whitewash 
should be applied to the house. Since the fog itself acts as a 
shade, the glass near the gutters should be more heavily cov
ered with the shading compound. If enough shading com
pound is put on the glass to control the temperature on the 
bright and hot days, it will be too dark on the cloudy days. 
The1·efore, it is necessary to also t1se supplemental shade to 
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1·011 011 and off the house 011 a daily basis wheneve1· it is su11-
ny. I believe we a1·e inclined to confuse light and heat, or at 
least to consider·, during the summer months, that they are 
more 01· less synonymous. Most eve1·y house has a thermome
ter but how many do you see that have a light mete1·? If fog 
is used successfully, it is absolutely essential to apply and eve11 
remove the supplemental shade with meticulous attention 
given daily to \veather and day length. In other words, keep 
the light level as high as possible for as long as possible each 
day without allowing the heat to become too high. On dark 
days and at night the amount of fog can be controlled by ad
jt1sting the rate of discharge and 01· rt1nning the machine at 
intervals. 

Cuttings are stt1ck in flats with a mixture of p1·opagati11g 
grade peat and perlite, then carried into the fog house. Tl1e 
mixture should have only enough moisture to prevent dryi11g 
from the base of the cuttings. Watering should not be 11eces
sary du1·ing 1·ooting. which is quite 1·apid. Cuttings should 
be hardened gradually by removing the flats to an i11te1·mit
tent mist area covered with shacl.e. Both mist a11d shade a1·e 
gradually removed until the cuttings are gro,ving tinder no1·
mal conditions a11d can be transplanted. It is fatal to trans
plant the cuttings and remove them from thei1· high humidit,, 
environment at the same time. . 

It would also be possible to harden the cuttings i11 the fog 
house by adjusting the fog from full time to intervals. But 
during this time you could be well on the way to rooting the 
next crop. 

Detailed account of fog house propagating was given be
fore this Society by M1·. Stroombeek in 1958 and is printed 011 
pages 47 through 53 of the Proceedings of that year. An)'One 
contemplating a fog system shotild read , this article. My 1·e
marks are of a general natu1·e with emphasis on things we 
have learned through additional experience. 

Fog or mist - which to use? First of all, I would like to 
say to anyone having success with mist, burlap covered frames, 
sweat boxes or whatever, DO NOT CHANGE! Now that most 
of the problems of rooting have been solved by advances in 
Chemistry and equipment, the total capabilities of the Prop
agator are not exhausted me1·ely by 100 %, rooting of the cut
tings. 

It is the common failing of Propagators, especially those 
not self employed, to confuse change with progress and to in
stall a different system that at the very least is costly to build. 
This time and money might be better spent in training per
sonnel, and re-e,valuating the propagation list. Perhaps good 
items that have been dropped because of failures could be re
stored to the propagating schedule. 

A fog machine can be used to good advantage in existi11g 
greenhouses where the ratio of bench space to cubic feet of air· 
space is high. In othe1· wo1·ds, it wot1ld work well in a lo\v 
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p1·opagati11g house; 01·, you might modify the high houses by 
pa1·titio11s of poly. Since heat is al1·eady available in the green
house, this is quite an Rdvantage. Cool summer nights and 
heavy 1·ains a1·e often a haza1'd in outdoo1· mist propagation. 

The additional cost of the fog systen1 is easily balanced 
1J:i1 the increased production b1·ought. about by rapid 1·ooting 
and turnove1· of space used. Those difficult softwood cuttings 
that wilt and 1·ot 01· callus without 1·ooting unde1· mist, will 
fo1· the most part do bette1· under fog. This is also true of 
plants v.1he1·e continuatio11 of te1·minal g1·owth is essential. 

The1·e a1·e some drawbacks to the fog system of propagat-
111g. Pure wate1· is requi1·ed. Impurities may not be concen
t1·ated enough to be det1·emental to the cuttings, but will ac
cumulate 011 the rapidly rotating pa1·ts of the machine caus
ing an imbalance and subsequent damage. My experience 
with humidifie1·s is limited to the Defenso1·, manufactured in 
Zu1·ich, Switzerland. This may not be a problem with all 
makes of humidifie1·s. 

While the water n1ust be pu1·e, much less water is used 
than is requi1·ed wi'ch a Mist System. If your present water 
supply is too impure, it would be practical to buy water and 
l1se a ht1midifie1·. A lo,v house 10' x 50' can be maintained 
with 15 to 25 gallons of water per day. 

The fog system fo1· Propagating works best du1·ing the 
long hot days. The p1·ime wood conditions for fog propaga
tion occu1·s earlier than wood selected for other methods. 
Varying the length and amount of shade on a. daily basis is a 
p1·oblem. I do not know of a method of varying the intensity 
},nd length of light that is practical for a small ope1·ation. 
Mo1·e attention and maintenance is 1·equired to keep a fog sys
tem going than a mist system. 

In placing the fogging system in its prope1· place among 
the va1·ious propagating facilities and equipment, I would 
place the Nearing Frame on one end and the fog system on 
the other. The Nearing Frame is a slow, fool proof method 
that can easily be operated by following simple procedures. 
The fog system is a sophisticated system to be used where im
mediate results are desired. Constant optimum heat, light and 
,vater must be maintained under highly skilled personnel. The 
intermittent mist system's place is between the two. 

CHIKO HARAMAKI: Thank you Mr. Warner for giving 
11s some facts on which ,ve can base ou1· decision whethe1· we 
should install a fogging system or continue with inte1·mittent 
mist. Next on our program ,ve have something new-we 
have a large numbe1· of fo1·eig11 members, but the distance is 
too fa1· fo1· them to p1·esent papers. So ou1· p1·og1·am chair
m}111 has started son1ething new, a taped talk with slides. 
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SOME ASPECTS OF WOOD PLANT PROPAGATION 
IN ENGLAND 

BRIAN HUMPHREY 

H illie1· a1id So1·is 
W :riclieste·1·, Erigla'llll 

l\111·. Chai1·ma11, ladies a11d ge11tlemen, may I sa)' ,vhat ,L 
great pleasure it is to be able to talk to you even thought I am 
ve1·y sor1·y I am not able to appea1· befo1·e J'OU in pe1·son. He1·e 
at Hillie1·'s no,v we have quite a happy ba11d of Plant P1·opa
gators' Society members. With Pete Dummer. head propa
gato1·, and Asger Lau1·sen in cha1·ge of mechanization on the 
nurseries. The next slide afte1· this 1·athe1· ho1·1·ible appa1·i
tion which must be on vou1· sc1·een at the moment is one of As-• 
ge1· on one of those special 11arrow 1·ow tractors and the fol-
lowing slide shows Pete Dummer at ,vo1·k in one of our 
1·ather old-fashioned English propagating houses. Next we see 
Pete at work on one of the older types of g1·afts, the Rhodo
dendron saddle graft which was up to a few years ago very 
popula1· here. We find, howeve1·, that this graft shows very little 
advantage ove1· the side-venee1· g1·aft 1·ecommended and de
scribed by Mt·. Wells in his book on propagation. It is sur
p1·ising how t1·adition dies hard for the side-veneer graft 
,vhich ,ve can see on the 11ext slide is a very much bette1· 
p1·oposition fo1· our beginne1·s and has p1·oved to be very suc
cessful and 1·elatively simply. ,ve do like to pick stocks with 
young g1·een ba1·k 1·athe1· than olde1· mo1·e woody stocks ,vhich 
are suitable fo1· saddle g1·afting. I'll say more about graft
ing late1· on. But let's move on to propagation by cuttings. 
Here we see a goocl old mist p1·opagation system which was 
installed on a glass house at Kew Gardens many years ago. 
This was one of the original mist installations in the country. 
The type of system used he1·e ,vas the Mac Penny type which 
has the misting nozzle coming up in a stand pipe th1·ough the 
bench. This system has the advantage of simplicity and lack 
of suppo1·t needed to car1·y overhead lines which we1·e used ir, 
the N .I.A.E. - National Institute of Agricultural Engineer
ing system which we can see in the next slide. In this slide we 
can see a MacPenny mist system in the foreground and the 
N.I.A.E. system labeled on the bench behind. The N.I.A.E. 
system has the advantage ove1· the MacPenny system whe1·e 
it comes to using containe1·s on the benches. There is abso
lutely no obstruction whatsoever to these containers by the 
stand pipe ,vhich con1es up th1·ough the bench on the Mac 
Penny system. Othe1· advantages claimed fo1· the MacPenny 
type system are the 1·elative f1·eedom from drips and the Mac
Penny nozzles themselves a1·e a very ,veil made .iob and do 
give ext1·emely fi11e atomization of the ,vate1·. Ge11e1·all:)' 
speaking most mist installation in this count1·y are installed in 
glass houses. An exception, however, may be seen in an out
side installation Lising a number of Dutch lites layed on their 
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sides, the mist 11ozzles a1·e situated inside, and the whole 
f1·ame is covered with a 1·011 of slatting. This system ,vorks 
ve1·y well for cutti11gs inse1·ted during the summer months but 
they do not make any use of this equipment in the ,vinter and 
it's tt1rned off. When I last looked at this installation there 
,ve1·e many choice plants including Magolia soulangeana, 
which we1·e 1·ooting very well indeed unde1· these conditions. 
The)' do have bottom heat fitted in the fo1·m of electric cables 
,,,hich ar·e the1·mostatically controlled. Humidification 01· as 
1 believe you call it, fogging, has not · become very popular. 
Qt1ite honestly the climate is so humid anyway, I wonder if 
,,,e ,vould 1·eally 11eed a fogging installation. 

The next slide sho,vs a humidifie1· system fitted to a glass 
hot1se in Boskoop. This house was double glazed - that is 
two layers of glass spaced about ~01 inch apart by specially 
adapted glazi11g ba1·s. One of the impo1·tant points said in 
the use of humidifier was to have a house with a high ridge. 
In othe1· words a la1·ge cubic capacity. This prevented the 
fog f1·om condensing 1·eadily on the glass in addition of course 
to the insulating effect of the double glazing and prevented 
excessive amount of drip which is supposed to be one of the 
big drawbacks of the fogging system. The experimental 
station in Boskoop has ca1·1·ied out t1·ials comparing the use of 
dotible glass, mist and humidifier systems and the last time 
I was over there, about two years ago, they were conside1·ing 
giving up the use of the humidifier system completely as it ap
pea1·ed to be infe1·ior to the other two systms. I must say, 
however, that this opinion wasn't shared by everyone in Bos
koop and some of the very best growe1·s and very best propa
gators seemed to be very keen and very enthusiastic about the 
humidifier system, thinking that it has advantages over any 
other propagating system for cuttings. It is important to re
membe1· I think though that this isn't the only means of prop
agating cuttings and we attempt to make good use of some 
of the more traditional methods which were popula1· befo1·e 
the int1·oduction of mist. One of these is rooting cuttings in 
a cold f1·ame, or in summe1· time it is frequently called the 
sun frame. And here "'e p1·opagate mo1·e easily rooted types 
of plants such as fo1·sythia, weigela, spiraea, etc. and the 
technique is briefly to put a layer of sand 2 - 3 inches deep on 
natural soil which should p1·efe1·ably be well drained. Erect 
on top of this some boards and then place frame lites, Dutch 
lites, English lites, or this year we've tried polyethylene over 
the sand. I't is necessary of cou1·se to hand spray. We are 
considering installing a hand operated misting system. Hav
ing mentioned sand reminds me that pH is a very important 
factor we think in the 1·ooting of cuttings. And we did take 
g1·eat ca1·e to sea1·ch for a g1·ade of sand which had the neces
sary low pH. Afte1· some months we found a sand which has 
a pH of 4.5 and we check this reading occasionally to be su1·e 
that we a1·e being supplied with an even sample. It does vary 
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somewhat but it's su1·p1·ising once you hit upo11 a seam of 
sand which is acid in reaction, it appea1·s that it tends to stay 
that way. 

We have hea1·d a g1·eat deal about the use of fu11gicides 
such as Captan c~1 ct1ttings. On some varieties of Rhododen
d1·on, the effects of Captan are quite ou'cstanding and I might 
say this response isn't. unifo1·mly shown on all va1·ieties ancl 
all species of Rhododend1·011 by an)' means. I wish it we1·e. 
It would appea1· th:,t Captan is acting as a g1·owth substance 
1·athe1· than as a fungicide because the cutti11gs ,vithout Cap
tan "'hich have not rooted have not in fact gene1·ally 1·otted. 

These Rhododend1·on and the Ace·,· JJalniat·um sho,,,n 011 
the next slide were t1·eat~d ,vith IBA in quick dip fo1·m. I 
think we can claim to be one of the pionee1·s of the use of 
quick dip hormones comme1·cially and we have now had some 
fou1· to five years expe1·ience with thei1· use. We are l}uite 
convinced that fo1· species which 1·equi1·e high concentrations 
of 1·ooting hormone, the quick dip method of application is by 
far the best. The .4ce1· saccha1·inu1,i which ,ve see here was 
inserted on the 1st of June and the photog1·aph was taken on 
the 18th. In othe1· words a ve1·y extensive 1·oot system can 
be built up in a cutting in a matte1· of a fortnight with 
Sy1·inga vulga1·is varieties ,ve do occasionally get rooting in 
7 - 10 days. This is t1sing ext1·emely soft cuttings and the op
timum concentration of IBA. The strength of IBA va1·ies 
considerably of cou1·se from species to species and eve11 f1·om 
cutting to cutting. And I don't believe it is possible to get 
the absolutely pe1·fect optimum concentration fo1· every cut
ting. What we aim to do and this I think is a 1·ather ne,v 
concept, ce1·tainly fo1· English p1·opagato1·s anyway, is to use 
a concent1·ation of IBA above the optimum. In othe1· wo1·ds 
we deliberately set out to damage the base of the cutting by 
a high concentration of LEA. This is once again I must st1·ess 
with species such as Rhododendron and Acers, and Azaleas 
which do appear to be tolerant of high concentrations in any 
case. With Sy1·inga vulga1·is as well we are not all perturbed 
by killing off the bottom qua1·te1· 01· half inch of the base of 
the cutting by a strong application of IBA. It's roots that we 
want and not callus and the fact that a cutting is callusing up 
well at the bottom is ust1ally an indication to us that the IBA 
concentration ,vas not sufficiently high. We find that by ap
plying a 1·ooting ho1·mone in a quick dip form, that wounding 
is generally unnecessary. And it would appear that the alco- , 
hol content of the qt1ick dip carries the rooting growth sub
stance into the stem sufficiently ,veil to make wounding quite 
superfluous. 

Using these ideas we are now 1·ooting most of the so call
ed ha1·dy hybrid Rhododendrons - Pink Pearl, Cunningham's 
White. We have been able to root R. sinogrande using 3 ',¾J 
IBA dissolved in 60% alcohol, but rooting results are never 
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consistent and neve1· very high and we still favor grafting for 
these types at present anyway. 

I though you might be interested in this next slide which 
is of the nurse seed grafting technique which was described 
i11 one of the Plant Propagato1·s' Proceedings. I have sho,vn 
this for two reasons. Firstly, it forms a convenient bridge 
between techniques of propagation by cuttings and by graft
ing which I hope to discuss next. The other reason is to make 
.iust one comment on this technique. When Professor Moore 
described it, he did say that the scion inserted into the ger
minating seed produced roots. Pete Dummer and I carried 
out this technique a while ago and I am sorry to say we were 
never able to see these roots breaki11g from the scion. F1·om 
ou1· observation, tl1e roots always appear to come from the 
cut stumps of the cotyledons. These 1·ooted ve1·y 1·eadily in
deed and we found the longe1· they we1·e left after cutting, the 
more roots we produced. But as I l1ave said we never have 
been able to see any roots coming from the scion itself. As 
far as we can see they have no real commercial application. 
Growth seems to be very slo,v indeed and the only real bene
fit we could see would be the complete f1·eedom f1·om sucker
ing which you would get with this type of plant. 

The next picture shows our beds of potted understocks 
1·eady for grafting the following spring and summe1·. In 01·
de1· to avoid some of the high labor involved in potting up 
these stocks we a1·e na.turally inte1·ested in the idea of graft
ing onto bare rootstocks. And although it is often perfectly 
feasible, the next slide ,vhich is of walnuts shows one of the 
effects at at least that you are liable to get by using bare 
rootstocks. We have compared the growth rate of grafts 
worked onto an established understock and a graft worked 
onto a nine-month-old unestablished rootstock. As you will see 
the rootstock established in a pot for 2 years showed consid
e1·able gain in growth over the unestablished stock. 

Of course grafting the wide range of plants we do at 
Hillie1·'s, one of our big p1·oblems in grafting is the question 
of compatibility and incompatibility. For example, with mag- · 
nolia we need to grow five different stocks to insure com
patibility of all the scion varieties ,vhich we use. We grow 4 
or 5 different maples and 3 or 4 different Quercus species as 
understocks to avoid incompatibility problems. Oaks are 
notoriously bad for forming a good union and we always 
treat them with great care up to 2 - 3 yea1·s after the graft
ing procedure. They are always weak at the union for this 
stage and losses in the nursery can be heavy if you have some 
rather big footed nursery workers. 

The next slide shows the importance of temperature dur
i11g the grafting period. A discussion of the condition neces
sary during the g1·afting stages I'm af1·aid is out of the ques
tion in the short time at my disposal. I can only express the 
extreme importa11ce of tho1·oughly drying the understack l,P. 
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fore grafting. This was touched on by D1·. Do1·sma11 in l1is 
paper recently at the International Horticultural Congress. And 
we, for our part. always so far as possible insure the stocks 
are as dry as possible at the g1·afting stage. Temperatures are 
generally best in the 60 - 65 °F. 1·egion, but some genera do ap
pear to have a higher tempe1·ature requirement and Juglans 
a1·e quite happy in temperatu1·es up to 80°F. Generally speak
ing we do not have 1·emarkedly good results by bt1dding, cer
tainly in this part of England at least. I often read with 
envy some of the successes that you have in the States b:)' bud
ding techniques. Whether the fa ult is ours 01· of the climate 
I do not at this moment really know. 

Well now ladies and gentlemen if no one has yet tt1rned 
me off, I'll close on the next slide which I suppose must be 
one of the most fan1ous hortict1ltural ,,iews in the world 
it's of the palm house at Royal Botanic Ga1·dens at Ke,v and 
wish you eve1·y success fo1· the following lectu1·es in yo111· 
meeting and thank you very much for listening to me. 

CHIKO HARAMAKI: Ou1· next speaker is ou1· p1·og1·an1 
chai1·man, Stu Nelson. f1·om Saskatoo11, Saskatche,,,an. 

THE ROLE OF BOTTOM HEAT IN THE ROOTING OF CUTTINGS 
STU_i\RT H. NELSON 

Unive1·sity of Saslcatclie,zva,,1 
Saskatoorl, Saskatche1van 

Canada 

Bottom heat is a p1·actice of supplying additional heat to 
the medium and is not limited to the rooting of ct1ttings as 
we p1·opagators might think. In fact, it possibly has more 
use in the forcing of growing plants than in the rooting of 
cuttings. I suppose that the first use of bottom heat can be 
traced back before the ''Dark Ages'' as with most of our hor
ticultural practices, but I have not tried to do this. Rather, 
I will limit my remarks to the use of bottom heat-mostly 

· electrical-,as we know it today. It would seem that the accept
ance of electricity, 1·athe1· than manure, could be dated at 
around 1930 and in the early 1930's, there were a number of 
reports from diffe1·ent countries describing the installation 
and economics of such a p1·ocedure ( 1, 4, 7, 15). The econom
ics of electricity over man11re would seem to have been easily 
proved (5, 23) but I am not sure that I can say the same, with
out considerable rese1·vation, for the beneficial effects 011 
rooting. 

By the way bottom heat is tossed around i11 conversa
tions at this meeting, one would suspect that it might be the 
password to success and that the literature ,vould abound i11 
references. Neither would appear to be true. In fact, good 
experimental comparisons, either in favor 01· against bottom 
heat as a tool to aicl rooti11g; a1·e ve1·y few. It wo11ld be clif-
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ficult to say why there are not mo1·e references because we 
cause we all know that bottom heat has been and will con
tinue to be used extensively even though the only benefit reap
ed may be a psychological effect on the operator. 

I.n this review, I have limited myself to where botton1 
heat is used during the entire rooting process and I have not 
included some rather elaborate techniques used for precallus
ing cuttings in this country, Europe and Russia. Right f1·om 
the start, bottom heat for the propagation of cuttings has not 
received wide acclaim. In the early 1930's, there were iso
lated reports that bottom heat (75-79 degrees F) was neces
sary for citrus in cool climates [Halma (8)], was be11eficial 
at 60 to 70 degrees F fo1· softwood cuttings of trees and 
shrubs in outdoor frames in Alberta, [Ure (19)] and was 
used with softwood cuttings of apple [Stoutmeye1· a11d others 
( 18) ] . In the same decade, however, a Russian report ( 21) 
st1mmed up that the 600 varieties, including 479 species a11d 
118 genera, did 11ot, for the n1ost pa1·t, 1·equire bottom heat. 
Since the 1930's there have been further isolated reports. 
Crossley (6) reported that bottom heat did not seem to be 
necessary for !lex aquif olium where a greenhouse was avail
able but that it might be of benefit in outdoor frames covered 
with glass or plastic. According to Bergh (2) soil heating (65 
degrees F) greatly enhanced the callus formation, root devel
opment and rooting quality on cuttings of shy-rooting rho
dodendron varieties. Electricity or some other means of heat
ing the cutting beds is necessary for Mulberry in Japan (9) 
and in the United States bottom heat at 70 degrees F profit
ably increased the rooting of blueberry cuttings in March but 
was not needed in June (17). There was a further report (13) 
of a three-:}'ear study on a commercial nursery in Texas which 
indicated that the time required to root and grow nursery 
stock to a suitable size might be reduced by 12 to 24 months 
with the use of electrical soil heating cable and that greate1· 
yields of sturdier, more uniform plants could be obtained. 

Although temperatures around 70 degrees F have been 
mentioned above) a few other references were found. In 
Europe, Jacobs and others ( 11) reported that begonia r<)oted 
well at 72.5 degrees but most cuttings at 77 degrees F had 
scorched rootlets. Both, however, were better than the 65 
degree control, that Ae1·opcinax 1·eticulata rooted well at 77 de
grees but 82 degrees F was too high and that F·icus rleco1·a 
rooted better at 88 deg1·ees than at 82 01· 77 degrees F. 

In trials at Wooster (12), bottom heat at 70 degrees F 
was generally best but this report showed that air tempera
ture in combination with bottom heat was very important. 
Air tempe1·atures of 50 degrees ,vas better than 60 or 70 de
grees F. 

The combination of moisture with bottom heat is also an 
important consideration. Riehl ( 16) emphasized the import
a11ce of maintaining the p1·oper levels of light a11d moistt1re 
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when propagating at high tempe1·atu1·es. He fou11d that 1·oot
ing in a moist medium at 61 degrees was quicke1· than 1·ooting 
in a dry medium at 73 degrees F. Working with rhodoclen
drons, Bergh and others (3) found that better rooting occu1·
red in p1·opagation f1·ames heated with hot water than ,vith 
electricity because the rooting 'medium was dampe1·, a11d 
Wells (22) suggested that bottom heat (75-85 degrees F) was 
desirable for holly provided a high humidity was obtained; 
intermittent mist provided excellent conditions. 

Mist propagation has become ve1·y popular· and bottom 
heat has been used. Henrada (10) reported that, with the 
exception of Chamaecypa1·is laivson1a11,a, 77 deg1·ees was bet
ter than 86 degrees F with the fifteen succulent. he1·baceous 
and woody plants tested. Pi ringer ( 14) reported that 70 de
grees gave more main roots on Buxus than 80 degrees F but 
with interrupted light during the 11ight to yield more b1·a11ch
ing, 80 degrees F was better for Buxus and 70 degrees F fo1· 
flex. Van Doesberg and Ravensberg (20) reported that i11 
some cases the rooting of rhodode11dron ct1ttings was imp1·0,1-

ed by soil warming with mist. _ 

S1;,mma1·y of W 01·k at Ottaiva 

Over a five-yea1· pe1·iod, work with inte1·mittent mist, with 
and without bottom heat, was conducted in the greenhot1se and 
out-of-doors. In the ea1·ly pa1·t of this pe1·iod many compa1·i
sons of the effect of bottom heat was made but later, these 
comparisons are less freqt1ent because it ,vas al1·eady appa1·
ent to me that bottom heat played a minor role. Facilities we1·e 
used more and more in the testing of other p1·opagation tech
niques. Although some 200 taxa were tested ove1· this per
iod, only 88 are included in this summary. vVith some taxa 
tested, no comparisons we1·e made and in many areas, the use 
of bottom heat and no bottom heat was not tested over a ,vide 
enough range of hormone treatments 'co be included. 

A summary of this work is included unde1· the following 
five classifications: 
1. Bottom heat beneficial in all t1·eatments tested. 
2. Bottom heat beneficial only in check treatments and ec111al 

results, in general, obtained with hormones. 
3. Bottom heat beneficial only in combinations with hormone::;. 
4. No beneficial effects of bottom heat. 
5. Bottom heat detrimental i11 p1·actically all t1·eatme11ts. 

The propagation methods have bee11 coded a::; follo,v::;: 
JMI1-i11te11111tte11t 1nisl 111 the g1ee11l1c111;e 
ll\10•-111ter1111tlent n11,t 011tcloo1s 
CTI-cl1eeseclotl1 c,vc, gt ee1111011,c IJencl1c~'-t1c1 1111,1 
l'TI-plastic [Cll l OVCI gree11 J1011sc IJClltl1eS'- 11() Ill i,1 
• J)cnotcs hette1 1c~11lts 111 so111c otl1e1 JJtopagat,011 lit•cl 
/'-J1cfore 11a111c cle11c1tcs r,o.(i(l pc1ce111 ,,,01111g ,,11ly 

//·-!Jcf<>tc 11:i111c clc11c>lcs ,,c,y 1,,,01· 1,,,,1111g, '.I() 1>c1cc11t 01 le,, 
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Although these classificatio11s will be published i11 full, 
there is not time to itemize them all in this talk. In classsifi
cation 1 there a1·e only six items listed where bottom heat was 
of benefit in the respective propagation beds and in fot1r in
stances, better rooting ,vas obtained elsewhere without the aid 
of bottom heat. The1·e are seven e11tries unde1· classificatio11 
2 and one entry had bette1· results· in another type of propa
gation bed without bottom heat. It was interesting to 11ote 
that there are no plants to be found in classification 3 which 
covers beneficial effects of hormone and bottom heat together. 

The ma.iority of the taxa fall into the group showing no 
beneficial effects, ie, classification 4. There a1·e 65 entries i11 
this group. There are 14 entries ( the second largest g1·oup) 
in classification 5 which indicated detrimental effects at p1·ac
tically all hormone levels. 

F1·om the above classification of plant mate1·ial, the1·e is 
little evidence to support the t1se of bottom heat of most plant 
materials. I think, however, that one must admit that its t1se 
can speed up 1·ooting and possibly give inc1·eased 1·ooting pe1·
centages under adverse conditions. Ho1·mones applications 
can achieve the same effects in an easier manner and there is 
no evidence that the effects of bottom heat and ho1·mo11e 
treatments compliment each other. 

As mentioned previously, some of the plants in the va1·i
ous classifications are indicated as having better results i11 
another propagation bed than listed herein. Without excep
tion, this was a polyethylene tent with intermittent mist bt1t 
no bottom heat outdoo1·s (PTO). It is also interesting to note 
that the deciduous material seemed to prefer this hot humid 
atmosphere while the coniferous plant material performed 
equally or slightly poo1·e1· in this atmosphe1·e. 

Appended to the pape1· is a further list, including anothe1· 
70 taxa not included above, where 80 to 100 percent rooting 
was easily obtained without bottom heat but could not be 
classified above because no comparison ,vith bottom heat was 
made. 

Cla.ssif·iccitio1i 1 Bottom heat l1e11eficial i11 all t1·eatme11ts 
tested 

Be1·be1·is pio1·ettii (IMO)* 
Chaenomeles japon2ca, (IMO) 1 

Junipe1·1is salJina (IMI) * 
Malus 1·obu.sta 5 (IMI) '1' 
Taxus lJaccatci 1·epanclens (IMO) 

/Tli·u:1a occiclentalis filifo1·mis (IMI) • 

Cla.c;.sificr1,tion 2 Bottom heat beneficial only in check t1·eat
ments and equal results. in general, ol1-
tained with hormones 

J 1111.i7Je1·11..<s cliinen.sis JJ fitze1·iana ciu1·ea (CTI) ( IMJ) (IMO) 
J u11.i7Je1·it.s scibi1ici tci1,ia1·iscif r1/ia, ( IMI) 
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Lori·ice1·a. tata1·ica ''Carleton'' (IMO) ,., 
Taxus l>accata 1·epariclens (IMI) 
Thuja occidentalis lutea (elegantissima) (IMI) (IMO) 
Thuja occidentalis saundersi·i (IMO) 

Classificatiori 3 Bottom heat beneficial 
with ho1·mones 

NIL 
• 

Classification 4 No beneficial effects of bottom heat 
• 

Buxiis mic1·opliylla kor·eana (IMO) 
Cornus stolonife1·a flavi1·aniea (IMO) 
Chamaecyparis pisif e1·a plitmosa a1·geritea (IMO) 
Cliamaecyparis pisifer·a plumosa. au1·ea (IMO) 
C hamaec11pa1·is pi.si f e1·a plit1nosa .'lq1t ri1·1·0.'la. (IMO) 
Daphne bu1·kwoodii (IMO) 
Fo1·syth·ia ovata (IMI) (IMO) 
Genis ta pilosa ( Il\lfO) 
Gernista tincto1·ia (IMO) 
Gi11kgo biloba (IMO) 
Hyd1·angea ar·borescens (IMI) (IMO) 
Hydr·angea paniculata (IMI) (llVIO) 

/Jitnipe1·us chiriensis l)lauivii (IM]) 
Jitnipe1·us clii'lierisis hetzii (IMI)· 
J·itripe1·its chirierisis ketelee1·i (IMO) 
Junipe1·us chineri:,;is pfitzer·iana au1·ea (PTI) 
J·i1niper··us communis depressa aurea-spica (IMO) 
Juniper·us ho1·izontalis douglasii (IMI) (IMO) 
J uniperus ho1·izontalis plumosa (IMO) 
Junipe1·us sabina ( IMO) 
Junipe1·us sabina tamariscifolia ( 11\lfO) 

//Junipe1·us scopulorurn (IMO) 
Ke1·1·ia japonica (I,MO) 
Ligust1·um vulga1·e (IMO) 
Ligust1·ilm vulga1·e py1·amidale ( 11\lfO) 
Lonice1·a pr·olifera (IMO) 
Malus baccata (2 selections) (IMO)•~ 
Philadelphus co1·onarius au1·eus (IMO) 
Philadelplius lemoinei ''Dame Blanche'' (IMO) 
Pliiladelphus virginalis ''Minnesota Snowflake'' (IMO) 
Philadelphus virginalis ''Silvia'' (IMO) 
Physoca1·pus opulifolius aureus (IMO) 
Polygonum 1·eyriout1·i (IMO) 
P1·unus fritticosa (2 selectio11s) (IMO) 
Prunus teriella (IMO) 
Prunus triloba (l1MO) 

//Rhamnus dahu1·ica (IMO)* 
Rhamnus f1·angula (IMO) ·i, 

Rib es gr·ossular·ia ( 2 selections) ( 11\10) 
Ril)es r1:ig1·um ''Consort'' (IMO) 
RilJes 1·ub1·um ''Red Lake'' (IMO) 
Ro.':la ·n1.itltifl<J1·r1. (IMO) 
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Rubus he1i1·yi (CTI) (IMI) 
Spiraeci 1neclia _ (IMO) 
Spi1·aea t1·ichoca1·pa, (IMO) 
SJJi1·aea vanhoitttei (IMO) 

/ /Tamarix pentanclr·a (IMO) 
T h·ttja occiclerita!1:s ''Columbia'' (IMO) 
Thuja occiclentalis ell11._,ange1·ia1ia (IMI) (IMO) 
Thuja occiden,talis fastigiata (pyramidalis) (IMI) (IMO) 
Thuja occidentalis globosa (IMI) 
Thuja occidentalis hoveyi (IMO) 
Thuja occideritalis ''Little Gem'' (Il\1I) (IMO) 
Thuja occiclentalis ''Patmore'' (IMI) (IMO) 
T hujci occidentalis ''Rheingold'' (IMO) 
Thuja occ,ide1itali.r;; sa1.tnde1·sii (IMI) 

/ /Ul1nus amer'icana (IMO) 
Ul•;nus pum'ila (IMO) 
v,i[J1.t1·n:um lan tana (IMO) 

Clcissification ,5 Botton1 heat detrin1e11tal i11 practically all 
ti·eatments 

Be1·[Je1·is thunbe1·gii a,r•topu1·pu1·ea (IMO)* 
Betula penditla tleleca1·lica (IMO) 
Cotinus coggyg1·ia (IMO)* 
Cotoneaste1· acittifolia (IMO)* 
Eiionynius alatus (IMO) 
Laveridula officinalis (IMO) 
Picea abies maxivellii ( I',MO) 
Picea abies ohlenclor·ffi'i (IMO) (IMI) 
P1·unus tomentosa, (2 selections) (IMO) 
Malus 1·obusta 5 (IMO) ·i, 

Spir·aea arguta (IMI) (IMO) 
Thuja occiclentalis hollandica (IMO) 
Vibu1·nuni p1·unifoliu1,i (IMO)* 
Vinca mino1· (Il\10) 

Clctssification 6 No comparison with bottom heat bt1t 80-
100 per cent eaRily obtained without hot
tom heat 

Ace1· ginnala (PTO) 
Ace1· tata1·ica (IMO) 
Car·agana a1·bo1·esceris (IMO) 
Cci1·agaria f1·ute,x (IMO) 
Cor·rius allJa spaethii (IMO) 
Kollcil•·itz·ia amabilis (PTO) 
Pachistima canlJy·i (IMO) 
Pachysar1d1·a te1·m·i1ialis (IMO) (PTO) 
Philaclelpltus bu1·fondensis (IMO) 
Philadelphus b1.i1·/c1.vooclii (IMO) 
Philadelplius cor·difoli1ts (IMO) 
Ph.ilaclelJJhus co1·ona1·ius multiflo1·us pler1,11,.c; (IMO) 
Plt'ilctclel1Jlt11,.r;; cy,;no.<;1t.<; '' Atlas'' (IMO) 
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Pliiladel7Jhus cyniosiis ''Voie Lactae'' (IMO) 
Philadelphu.rs falconeri (IMO) 
Philadelphus gr·ancliflor·us (IMO) 
Philadelphus insignis ''Souvenir de Billia1·d'' (IMO) 
Ph·iladelphus laxus (IMO) 
Pliiladelphus lem,oinei ''Avalanche'' (IMO) 
Pliiladelphus lem,oinei ''Enchantment'' (IMO) 
Philadelphus lemoinei er·ectus (IlVIO) 
Philadelphits lemoinei ''Fleur de Lis'' (IMO) 
Pliiladelphus lernoinei ''Frosty Morn'' (IMO) 
Philadelphus lemoinei ''Innocence'' (IMO) 
Philadelphits lemoinei ''Manteau d'ermine'' (PTO) 
Pliiladelphiis le1no1:ne1· ''Mont Blanc'' (IMO) 
Philadelphu.c; le1noinei och1·oleucus (IMO) 
P hiladelphus leivisi1: ''W aterto11'' (IMO) 
Pliiladelphus nepalensis ( IlVIO) 
Philadeilphus riivalis (IMO) 
Philadelplius pelcinensis chachyboty1·is (IMO) 
Philadelphus polyanthus ''Favorite'' (IMO) 
Philadelplius polyantlius ''Pavillion Blanc'' (IMO) 
Philadelphus satsum-arius (IMO) 
Pliiladelphus scb1·enkii (IMO) 
Philadelphus speciosits (IMO) 
Philadelphus vi1•girialis ''Albatre'' (TMO) 
Philadelphiis virginali.rs ''Argentine'' (IMO) 
Philadelphus vi1·ginalis ''Glacier'' (IMO) 
Philadelphus vir·ginalis ''Mrs. Thompson'' (IMO) 
Philadelphu.rs vir·ginalis ''Patricia'' (IMO) 
Philadelphus vir·ginalis ''Purity'' (IMO) 
Pliiladelphus vi1·girial·is ''Thelma'' (IMO) 
Prunus dropmor·eana (IMO) 
Sy1·inga hyacinthiflor·a ''Necker'' (IMO) 
Syr·inga lovaniensis ''De Louvain'' (IMO) 
Syringa prestvniae '' Alice'' (IMO) 
Sy1'inga pr·estoniae '' Audrey'' (IMO) 
Syr·inga JJrestoniae ''Calpurina'' (IMO) 
,<;Jyr·inga p1·eston,iae ''Celia'' (IMO) 
S111·in,qa pr·estoniae ''Elinor'' (IMO) 
Syr·iriga pr·estoniae ''Ethel M. Webste1·'' (IMO) 
Syringa pr·estoniae ''Jessica'' ( (IMO) 
Syringa pr·eston,iae ''Ursula'' (IMO) 
Syringa per·stoniae ''Virgilia'' (IMO) 
Syringa sivegiflexa x S. reflexa ''Fountain'' (IMO) 
Syringa vulgar·is ''Geheimrat Singlemann'' (IMO) 
Sy1·inga vulga1·is ''Mme. Lemoine'' (IMO) 
Syr·inga vitlgar·is ''Mare Micheli'' (IMO) 
Syr·inga vulgar·is ''Montaigne'' (IMO) 
Sy1·inga vulga1·is ''Paul Thirion'' (IMO) 
S11r·inga vulgaris ''Perle Von Stuttgart'' (IMO) 
Sy1·inga vulgar·is ''Pres. Lincoln'' (IMO) 
Sy1·in,qa 1;ulga1·i.c; ''Ronsard'' (IMO) 
Sy1·in.ga vulga1·is ''Victor Lemoine'' (IMO) 
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V·i/J·u1·1i·u·rri j·uddii ( P1'0) 
Weigela flo1·ida (IMO) 
W eigela ·1vagne1·i ''B1·istol Ruby'' (IMO) 
Weigela ivag1ie1·i ''Eva Rathke'' (Il\-10) 
W eigela ·1vag11e1·i ''Stelzne1·i'' (PTO) 
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CHIKO HARA MAKI: Thank you, Stu. I am 
comments will stimulate some heated discussion. 
speake1· he1·e is M1·. Harvey Gray. 

su1·e 
Ou1· 

you1· 
next 
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CELLOTHERM ''BOTTOM HEAT'' 
HARVEY GRAY 

Stc1,te Uriive1·sity at Far"ni-iri_<Jd<tfc, 
Fa1·11iingdale, Neiv Y 01·k 

'l'he co11cept of gene1·ating heat with electric power by the 
clevice knov.,11 as Cellothe1·m was discove1·ed by accident. It is 
said to have g1·0,vn out of an attempt to formulate a ski ,vax. 
Somewhere along in the p1·eparation of the ski coating, it was 
discove1·ed that when an electric current t1·avels ac1·oss a film 
of colloidal silica and g1·aphite, heat is generated. 

To put this principle to practical use, the graphite-col
loidal silica film is made up as a sandwich. The graphite
silicia is the meat and the asbestos, two thin layers, is the 
b1·ead. If the sandwich is to come i11 co11tact with moisture it 
must be made wate1· tight. Laminated plastic films accom
plishes this. The electric power is int1·oduced into the sheet 
by the way of two embedded copper elect1·oides along the 
edges of the sheet. In September, 1965, the mant1facturers' 
field man contacted us regarding Cellotherm's possible appli
cation in hotbed heating. Out of this contact our trials devel
oped with g1·eenhouse propagation. 

The tests consisted of duplicate open and plastic enclosed 
benches. The lead coated electric cable was used in all the 
tests as a comparato1· fo1· the Cellotherm. The bottom heat 
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1. Cellotherm appea1·s to be a perfect sou1·ce of heat fo1· bot

tom heat 
2. Lead coated elect1·ic heating cable may cause excessive heat 



3. Cellothe1·m maJ' be used i11 g1·ou11d 01· 1·aised beds 
4. Powe1· consumption is 2.7 less ,vith Cellothe1·m than ,vith 

elect1·ic cable 

CHIKO HARA MAKI: Next, ,ve have son1ethi11g special, a 
s~'mposium on unust1al techni(1ues. Ou1· leade1· ,viii be Mr. Ray 
Hal,varcl. 

UNUSUAL TECHNIQUES 
RAY E. HALWARD 

ll<Jl/a/ Botariical Gar·cle·1Ls • 
ll<J:u 399, Ha:niilto1i, Onta1·io, Cwr1.ltll(1, 

'l'h1·ough the years at these meeti11gs, many and ,,~t1·ied 
techniqt1es have been explained by fello,v p1·opagato1·s. l\'Iany 
of us 1·etur11ed hon1e full of ideas how we we1·e going to adapt 
these i11novations to our own particular propagating facilities. 

Let us b1·iefly revie,v some of the ea1·lie1· techniques that 
inspirecl many of us to change our old ways fo1· ne,v. In 1953 
Tlie Pliytotekto1· Method of Rooti1ig Cuttings by Ha1·vey Tem
pleton explained the 1·ooting of cuttings in soil using mist con
trolled by a humidostat and time1·. He related at that time tha.t 
the tecl1ique was an attempted union of the English sunframe 
and ne,,, mist ht1midification. An idea he obtained f1·om an 
a1·ticle l1e had 1·ead on n1ist, by Jan1es Wells. 

A Simple ancl Jnex7Jensive Time Cloclc fo1· Reg11.latirig Mist 
i1i Plant P1·opagatio1i P1·ocedu1·es by Cha1·les Hess and William 
Snyde1· was the title of a pape1· that aroused a great deal of 
i11terest in electrical and mechanical cont1·ols in mist p1·opaga
tion. 

In cont1·ast to these techniques, Leslie Hancock desc1·ibed 
the rooting of cuttings in soil in 1·aised beds u11der burlap, 
supplying the necessa1·y moistu1·e n1anually. 

In 1954 Vincent Bailey explained thei1· propaga.ting fa
cilities and the use of the Binks system of humidity cont1·ol 
for p1·opagating softwood and coniferous cuttings. Excellent 
rest1lts were obtained by varying the percentage of humidity 
f1·om 90 to 70 during the rooting period. 

From these and othe1· similar systems manJ' techniques 
have been developed. The system I use is a good example. I 
sta1·ted using mist in 1956 and at that time va1·ious electronic 
leaf controls we1·e in use. Being undecided which one to use 
I began experimenting ,vith different mate1·ials for a leaf con
t1·ol in conjunction with a Humidomist cont1·olle1·. Mo1·e by 
,chance than delibe1·ation I tried Bee's wings suspended be
tween two ca1·bons from flashlight batteries. These were in
se1·ted th1·ough a piece of plastic and wired to the cont1·oller. 
This is used unde1· a double laye1· of plastic. It has p1·ovided 
excellent cont1·ol for intermittent misting and the ,vings last 
all season. 

Last winte1· I heard about an unusual technique. The 
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p1·opagating beds a1·e set 011 a bog a1·ea. 'l'he bog is cover·ed 
,vith thi·ee inches of a 5 sand. 1 peat mixtt11·e. A ft1ngicide in 
po,vcle1· form is mixed well into the media. When the cuttings 
a1·e stuck they a1·e cove1·ed with plastic covei·ed sash. The 1·is
i11g humidity f1·om the bog eliminates the necessity of water
i11g 01· sp1·ayi11g. In the evening both ends of the frames are 
opened to allo,v free ci1·culation of air. The cuttings a1·e left 
i11 these beds until the following spring. This is the method 
t1sed by M1·. William Ellerbrok of Sydney Rive1·, Nova Scotia. 

RAY HALWARD: Do we have any othe1· unusual technit1t1es 
to 1·epo1·t "? 

DAVE PATTERSON: Afte1· hea1·ing Bruce B1·iggs last yea,·, 
l ,ve11t home and took a deep flat, about six inches deep, a11d 
knocked the bottom out. Then I st1·etched black polyethyle11e 
ove1· it and stuck the cutti11gs through the polyethylene. Then 
I put them i11 a mist bench. Most of the medit1m in the bench 
had been taken away. We had about 120 cuttings of about 10 
different things and most of the things we 1·ooted such as 
flex c1·enata, flex glab1·a, and Junipe1· JJfitzm·iaria rooted 7 to 
8 out of 10. We also 1·ooted 5 out of 10 skia.doptis cuttings . 

. PETE VERMEULEN: Your mist was applied on top of the 
ct1ttings while in Bruce Briggs' case the mist was applied to 
the stems unde1· the plastic. 

BRUCE BRIGGS: This year we tried a few different things. 
We applied ho1·n1ones unde1·neath. We 11sed fog as ,veil as 
mist underneath and found it didn't make any diffe1·ence as 
long as it was moist. Actt1ally, soil (01· a medium) is not an 
important thing at all, it actually can be eliminated. The thing 
we are after is cont1·ol. 

DICK FENICCHIA: I have been working with a chamber 
i11 which you can 1·egulate both top and bottom tempe1·atures. 
I have some inte1·esting 1·esults and would encou1·age others to 
try the same thing. 

CARMINE RAGONESE: I have fou11d a technique which is 
very helpful to root hyb1·id Rhododendrons. If I place the cut
tings in a plastic bag and leave them in a plastic bag with just 
a little bit of humidity and place them in the dark for about 
two weeks, they root like a weed. I also found that some cut
tings which are not rooting in the greenhouse, if I exclude 
light for a day 01· so, they will then 1·oot. 

CHIKO HARAMAKI: 1.'he next speaker needs no int1·oduc
He is Mr. James S. Wells. 

''COST OF PRODUCTION AND HOW TO DETERMINE IT'' 
JAMES S. WELLS 

James S. Wells Nu1·se1·y, Irie. 
Red Bank, New Jersey 

A casual glance at this title would seem to indicate that 
ou1· Society has gone ''way out'' in choosing a subject which 
would have ve1·y little di1·ect connection with Plant P1·opaga-
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tion. But I hope to sho\v you that this is 11ot cor1·ect, becat1se 
with the highly competitive market and ever-increasing labo1· 
costs of today,· we have to conside1· each and every operation 
and try to determine the most efficient and least costly meth
od of producing out· crop. To determine these costs ,ve in 
e,1 itably mtist conside1· some form of cost accounting. 

That I, of all people, should get involved in cost accou11t
ing is really 1·ather ludicrous because if the1·e is one thing I 
dislike, it is office work and figures. But, before giving you 
what Ii believe to be a very simple but very accurate solutio11 
to this whole question, I want to e•xplain how I became involved. 

When I fi1·st came to Ame1·ica in 1946, to manage the Kos
te1· Nur·sery at Bridgeton, New Jersey, they were growing 
Rhododendrons e11tirely by grafting. Du1·ing that first winter 
in 1946, we grafted about 35,000 plants. I hadn't been here 
very long before I was initiated into the problems of disease. 
pa1·ticularly Phytopt1ie1·a cin1ianioni, associated with the p1·0-
dt1ction of Hyb1·id Rhododend1·ons. This was something quite 
ne,v to me becatise the disease is p1·actically non-existent i11 
E11gla11d. 

As ou1· crop prog1·essed through the \vinter af 1946-1947 
and on into the second summer, it became immediately clea1· 
that I had better get involved \Vith this disease or stop grov.1

-

\ing Hybrid Rhododendr·ons, because losses were contintious 
in all stages of production. Thus it was in the summe1· of 
1947 that I really got down to ''b1·ass tacks'' v,,ith the problen1 
of determining direct costs. 

I was very fortunate to have the resources of the Sea
brook Farms Company to draw upo11. But even so, ,ve were 
breaking completely new ground. At that time our operatio11 
required the steady employme11t of about thirty-five men. 
This was increased up to one hund1·ed men during the Spring 
shipping season. How cot1ld one possibly determine where all 
these costs were to be allocated? 

Well, a g1·eat deal of thought was given to this and the 
more we considered it, the clearer it became that it would be 
t1tterly impossible to 1·eco1·d every fine detail of exactly where 
and how money was spent. To give a couple of examples: if 
we had a shipment of 500 bales of peat, which was going to be 
used fo1· mixing rooting medium and preparing beds for plant
ing Rhododendrons and Azaleas were we going to keep a close 
record of every bale of peat, where it was used, and charging 
it to the approp1·iate crop? Obviously we could not. To do this, 
each foreman would ha,,e to be a Certified Accountant. And 
then, what of the men who were engaged in packing and ship
ping ... or the maintenance men? What abot1t the foremen 
loading the trailers? Would you split up their time among the 
Taxus, Dogwood or Arborvitae which were being loaded 011 
the various orders? Again, obviously ''no." Some more simple 
syp,tem had to be devised. 

Eventt1ally, ,ve clecidecl to wo1·k 011 what we called ''cli-
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rect labor costs," using this as a ya1·dstick to gauge a11d allo
cate all other costs. A simple form was developed and one 
man was employed to record, four times a day, just what each 
man was doing, and to attempt to allocate as much of each 
man's time to a given crop as he could, with the assistance of 
the foremen. 

This was what we called ''di1·ect labor." It was that 
amount of work which could reasonably be charged directly to 
some crop. We had a code which simplified the recording of 
the daily hours and we included symbols in this code which i11-
dicated indirect costs, such as packing and shipping, main
tenance, etc. This system ran fo1· nearly five years. 

Before I give you the distilled essence of this five yea1·s 
recording, I would like to quote one or two figures that came 
out of the system at the end of the first year. A grafted Rho
dode11dron, lifted from the bench, cost tis 43.8c at that time 
and at the end of the first ve•ar the cost had risen to 62.4c. A • 
rooted Rhododendron cutting cost us 13.9c and at the end of 
the first year the cost had risen to 32.2c, .iust half of the cost 
of the graft. But the Rhododendron graft cost us $6.04 1 at end of 
the second year and this was due to the fact that we had sub
stantial inventory losses in the second summer, from the Rho
dodendron Wilt Disease, which attacked the understock used 
for grafting. But a two yea1· old Rhododendron, 1·aised from 
a cutting, cost us only .66c. The importance of these figureR 
are therefore clearly of value in determining the method of 
propagation to use, especially in view of the fact that we we1·e 
selling two year old plants then for $3.50, thus showing a net 
loss of $2.04, on each grafted plant sold. · 

But let n1e give yot1 anothe1· example: grafting Hybrid 
French Lilacs. Again, due to inventory losses after planting, 
we found that our one year old plants were costing us 27.4c 
per plant. As we were selling these for $25 per hundred, we 
were losing .024c on every plant sold. But if we carried those 
plants over for a second year, the cost of production only 1·ose 
from 27.4c to 35.4c, and our selling price for two year old ma
terial was $50 per hundred, thus showing a reasonable profit. 

The value of these figures therefore, clearly indicated 
that we had to change our method of production or remove ou1· 
one year French Lilacs from our sales list and sell them as 
two year olds. So much, therefore, for the immediate returns 
which appeared from this system. 

Now, let us .iump ahead five years and I will describe how 
I think you can use these ideas very simply and directly, to 
,determine costs. At the end of the five year period, we found 
the following to be true: if the total amount we had to pay 
for operating the nursery amounted to, say $100,000, then ou1· 
total payroll was almost 50 % of this. Let me say that the 
$100,000 figure included every possible cost, depreciation, 
taxes, overhead costs of all kinds. Everything that was need
ed to keep the nursery 1·t1nning was i11cluded. Next, we fot111cl 
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that we could only cha1·ge one half of the total payi·oll to a11y 
given crop. Ou1· direct labor costs were therefore one half of 
our payroll or 25 '"1 of our total operating expense. This is 
the important point which I \Vant to get o,,er to you, because 
we found that we could abandon the laborious and somewhat 
complicated system of daily 1·ecording, if we chose. and simpl:-,' 
record whatever operatio11, or series of operations we wished 
and at any point we could draw a line, determine the direct 
labor cost involved so far, and then multifly this figure b:-,· 
fou1·, to arrive at a total actual cost. This loaded cost, divided 
by the inventory of plants produce,d, gave a 1·easonably accur
ate loaded cost of each plant. 

Example: Let us assume that we decide to raise a batch 
of Taxtis. From the moment ,ve commence to prepare the 
bench to receive the cuttings. the direct labor costs are re
corded ... the cost of filling the bench with rooting medium ... 
the cost of gathering, making and looking after the cuttingR 
while they are 1·ooting . . . the cost of lifting and transplant
ing them and looking after them for one, two, three or four 
years, if necessary. All these direct labo1· costs are accumu
lated until the producer decides that he either wants to sell the 
crop or would like to know ho,v much the cost has been fo1· 
that crop, so far. Whenever this point arrives, the direct la
bor costs are totalled and multiplied by four. This sum is the11 
divided into the inventory and the figure thus obtained is the 
unit loaded cost of each plant. It should be noted that in this 
system, no separate record is kept of any other costs othe1· 
than direct labor costs. No recording or allocation of costs is 
made for materials ... peat, sand ... or light, power, paint, 
maintenance costs or any of the other multitude of costs in
volved in running a nurse1·y. All of these are allocated in 
proportion, when the direct labor costs are multiplied by fou1·. 

Let me illustrate with a few figu1·es. We will assume that 
a crop of 100,000 plants has been rooted and is now growing 
in the fields. The total cost recorded in direct labor is 
$10,000. The total loaded cost, therefore, is $40,000. This 
means that the i11dividual loaded cost of each plant is 40c. If a 
Taxus liner is sold for 45c, then you are making 5c net profit. 
It •should be obvious that the producer can choose to draw a 
line and make this simple computation at any point in the de
velopment of the crop. He can determine, within very close 
tolerances, the cost of the crop at any given point of develop
t;nent. He can use the same system for a rapid time-study, 
as r·elated to these costs. For instance, if people are making a 
large amount of cuttings, 01·, in fact, are carrying out any 
operation, the direct labo1· cost can be recorded for one. two 
or three days 01· longer, if you prefer, and then arrive at the 
true cost of the ope1·ation - the sun1 spent in direct labo1·, 
multiplied by four. 

This, then, is the verj' simple formula which developed 
from the mass of data which we accumulated over· the five 
yea1· pe1·iocl. Followi11g this, I t1·ansfer1·ed the systen1 to the 
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Hill N u1·sery in Du11dee, Illinois, where I unde1·stand it is still 
being used. 

In both cases, we found that this formula was very close 
to the actual recorded costs .. so close that it became unnessar)' 
to carry out the detailed and onerous task of daily recordi11g 
all expenses. I believe, therefo1·e, that this recording of di
rect labor costs only, multiplied by four, is a simple accu1·ate 
and workable method that anyone can use to arrive at the 
true cost of any plant or crop that they are growing. 

I am quite su1·e that if you apply this method, you a1·e i11 
for some shocks. We were astounded when we began this 
system, to find out .iust where the money was being made 01· 
lost. You may well decide that the application of this p1·0-
cedure to every plant and operation on your nursery is t111rea
sonable, but rapid spot-checking, usi11g the formula on an}' 
crop about which you are doubtful, can be most revealing. 
The 1·eal value of it, of course, becomes immediately appa1·e11t 
when there is a substantial invento1·y loss, fo1· one 1·easo11 01· 
another. 

I would like to give you one last illust1·atio11 of the in1-
portance of this to the plant propagation methods t1sed. Back 
in 1946 we were grafting our crop of Japanese Maples and plac
ing the plants in sweat boxes. We had real problems with 
fungus disease while the grafts we1·e callousing, and our loss 
was high. The actual cost of each graft rose to a point where 
it was obviously impractical for t1s to continue grafting in this 
manner. The cumulative cost of grafting, when taking into 
account the inventory loss sustained in the grafting process, 
showed that we were losing money and this meant that we 
had to bear down on the problem and either find an answer or 
stop growing Japanese Maples. As a result of this pin-point
ing of the problem, we tried different methods of grafting 
and found that we could get excellent results by dipping the 
dormant grafts in parafin wax and placing them on the ope11 
bench, without double glass covering. When this was done the 
problem from fungus disease was eliminated, the cost of pro
duct.ion dropped substantially and the crop was once more 
profitable. 

I believe that every grower needs as much of this type of 
guidance as he can get and this brief discussion is presented in 
the hope that the relatively simple formula which we develop
ed can assist growers with similar problems. 

CHIKO HARAMAKI: This is a very important sub.iect. I 
am sure there are many growers who have little ideas of their 
costs. We now have time for some questions. 

JOHN ROLLER: Jim, can you determine the approximate 
coRt on any item or is this a unit at the end of the year? 

JIM WELLS: No, it is not instant cost accounting. You 
can't tell in a few minutes unless you have bee11 recording you1· 
direct labor coRts. Yot1 1·eally have to ru11 the system fo1· at 
least a yea1·. 
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JOHN ROLLER: Ca11 you use this system to dete1·mi11e the 
cost on any given va1·iety '? 

JIM WELLS: Yes. It all depends upo11 you1· 1·eco1·ding 
completely. You've got to do it daily. You must 1·ecord what 
is going on with that specific plant. 011e side effect of record 
keeping happened at Koster. We did 1·ecord each day the p1·0-
duction of each worke1·. The next day each man's p1·oduction 
,vas put up on a notice boa1·d. This wasn't ve1·y popular fo1· a 
few days. But afte1· they got used to it, then they found it i11-
vigo1·ating and we got into some healthy competition as to how 
many g1·afts they could do per day. Ou1· p1·oduction went up 
a11d the costs went down. 

HUGH STEAVENSON: Now if I u11de1·stand you cor1·ectl)1
, 

you ca11 apply this fo1·n1ula to a11y ope1·ation 01· activity if you 
1·ecorded the time for this ope1·ation. For example, if you were 
balling t1·ees and you found your di1·ect labor costs for balling 
a t1·ee is 25c, so do you multiply that by 4 to get you1· total 
costs including a 10 o/,, profit? 

JIM WELLS: No p1·ofit, just total costs. 
HUGH STEA VENSON: That's pa1·ticularly pertinent be

cause I've seen so many cases whe,re fellows would figu1·e out 
the cost of balling by just doubling thei1· cost. 

JIM WELLS: I talked ,vith Roge1· Coggeshall abot1t this 
a11d he gave me a bit of a stop. He made me 1·ealize that the 
basis of this whole fo1·mula is one 1·atio of labo1· costs to you1· 
total ope1·ating costs. You will recall that I said the formula 
,vo1·ks if labo1· costs we1·e 50 % of ope1·ating costs. You ,viii 
have to look at you1· balance sheets to see if this is true for 
you 01· not. I've always felt that 50 % of the operating costs 
as labo1· 1·epresented a fairly ave1·age level of efficiency and 
below 50 'Ya was mo1·e efficient and above 50 'Yo was less effici
ent. Now if your labo1· costs in relation to total costs are 
higher or lower this must be taken into account. If it is 50 o/o, 
my fo1·mula will work fine. I define laqo1· as total personnel 
pay1·oll. 
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THURSDAY AFTERNOON SESSION 

Decen1ber 8, 1966 

'l'he afte1·110011 sessio11 convened at 1: 15 p.m. a11ti 1Jega11 
,vith a symposit1m 011 the p1·opagation of specific pl,tnts. Di·. 
Cha1·les E. Hess served as mode1·ato1·. 

MODERATOR HESS: Our fi1·st speake1· this afte1·110011 is a11 
old f1·iend to all of us, Al Fo1·dham of the Arnold Arboretum 
who will tell tis about the propagation of hard to 1·oot woody 
plants. 

HARD TO ROOT WOODY PLANTS 
ALFRED J. FORDHAM 

A 1·11,uld A'l'l)o1·etu-m of H a1·vard U 1i-ive-1·:;it-y 

111 1954 the Arnold A1·bo1·etum 1·ecei,,ed a plant of K<il,11iir1. 
latifolia 1·ubra from the Weston Nu1·se1·ies of Hopkinton, Mas
sachusetts. It was one of six selected from many thousands 
grown the1·e t,hrough the years and was thought to be a seed
ling from one of Charles 0. Dexter's specimens. Together with 
his impo1·tant Rhododend1·on accomplishments, Dexte1· also 
made effo1·ts to assemble supe1·ior forms of mountain lat1rel at 
his estate in Sand,vich Massachusetts. 

In 1957 when Roge1· Coggeshall was at the A1·nold A1·
bo1·etum, he, worked with this clone and by using 2,4,5-TP suc
ceeded in 1·ooting 21 of 35 cuttings. They were made on the 
20th of September a11d potted on the following 12th of Febru
a1·y. The slides which follow show cuttings taken f1·om plants 
of that p1·opagation and they therefore are in a clonal line. 
Six 3-foot plants were moved into the greenhouse in the sum
me1· of 1965 so that soft wood cuttings could be p1·ocessed as 
desc1·ibed by Alan D. Cook in Volume 10 of the Plant Propaga
to1·. However the pressu1·e of work was such that they re
mained through summe1· and on until Ma1·ch of 1966. Cuttings 
,vere taken from g1·owth lignified to a deg1·ee where stem bases 
we1·e brown in color and firmly ,voody. Bases were wot1nded 
on opposite sides as is the practice with rhododend1·on cut
tings. 

Nine treatments were tested, using fo1·mulations ft1rnish
ed by M1·s. Barbara Eme1·son of the Amchem Research De
pa1·tment, Ambler, Pennsylvania. The 2,4,5-TP preparations 
we1·e in powder form ,vhile IBA, and IBA plus NAA combina
tion was in a stock solution. The limited amount of material 
available p1·ovided 10 cuttings fo1· seve11 treatments and five 
each fo1· two. All cuttings were lifted and evaluated on June 
29, 1966. 

A quick diJJ treatment using a 1 % solution of IBA led to 
seven cuttings 1·ooted and three callused. 

A dip in 2 % IBA solution led to five rooted cuttings, and 
5 with small calluses. 
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A con1bination of 500 ppm each of IBA and NAA 1·esult
ed i11 7 cuttings 1·ooted a11d 3 with small calluses. ,_ 

The most successful treatment p1·oved to be a combi11atio11 
of 1000 ppm each of IB.t\. and N AA. Te11 cuttings 1·ooted t1ni
fo1·mly and developed excellent 1·oot systems. 

As a co11t1·ol, five cutti11gs ,ve1·e wot1nded a11d inse1·te(I 
,vithout chemical t1·eatme11t. By Jt1ne 29, t,vo had 1·ooted, 011e 
ctitting ha:! a la1·ge root systen1 and a second one was sta1·ting. 

Five cutti11gs \\1ere also t1·eated ,,,ith a p1·epa1·ation of 8 
mg IBA i11 a gram of talc (simila1· to Hormodin #3) with the 
ftingicide 1.hiram added at the rate of 15 7v. T,vo of these 
,,,e1·e 1·ooted. 

2 4 5-TP at 1000 ppm 1·esulted in 10 ctittings 1·ooted. 
2,4,5-TP at 5000 pa1·ts pe1· million led to 8 1·ooted a11d 2 

,,,i th call uses. 
T1·eatment with 2,4.5-TP at 10,000 pa1·ts pe1· millio11 lee! 

to a production of outsized calluses. Five cuttings went on to 
1·oot abo,1e the callus while 5 did not. They ,vere returned to 
the propagating case for another month. When examined af- -
te1· that time the calluses had inc1·eased in size and 6 cuttings 
had initiated 1·oots above the callus. Bv N ovembe1· 21 all we1·e • 
1·ooted but only one had p1·oduced a growth flush, which may 
i11dicate that the buds have been inhibited by the st1·ong 2,4,5-
TP dosage. 

IBA plt1s NAA at 1000 ppm each was the n1ost effec:tive 
t1·eatment followed by the 1000 ppm 2,4,5-TP. However, it 
should be emphasized that these ctittings, though ha1·d and 
,voody, came from g1·eenhouse n1aterial which may have had 
a11 effect. A 11ew se1·ies of cuttings taken out-of-doo1·s and in
serted in August of this year look promising, leading to the 
suspicion that this particular clone has the ability to root ,veil. 

At the Arnold A1·boretum the propagation of broad-leav
ed evergreens is ca1·1·ied out in pol)1ethylene chambers. Th_e 
benches are six i11ches deep and are constructed of 3/4. inch 
t1·ansite. A 2x4 inch mesh welded wire known as tu1·key wi1·e 
or utility wi1·e is used to support the plastic cove1·ing. It is 
bought by the 1·011 and can be cut and bent to any desired 
shape. The medium for b1·oad-leaved evergreens is sphagnum 
peat moss and perlite n1ixed in equal parts. Bottom heat is 
maintained at 75°. 

Albizia julib1·issin stem cutti11gs will not 1·oot except i11 the 
juvenile stage but this species will p1·opagate well from root 
cuttings taken in spring. Root pieces about 1/2 inch in diam
eter and 3 inches long we1·e placed vertically in pots and 8 out 
of 10 cuttings were successful. Frequently shoots will appea1· 
i11 clusters from root cuttings of Albizia. When the surplus 
shoots a1·e 1·emoved a11d inse1·ted as cuttings they 1·oot 1·eadily 
as they a1·e .Juvenile. Shoots that develop from root cuttings 
of Koel1·eute1·ia paniculata behave in a similar manner. 

Many cuttings which root 1·eadily present a first ,vinte1· 
survival problem, for they go into dormancy and never recov-
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e1·. By leaving them t111distu1·bed in the 1·ooting medit1m c:ll1(l 
p1·oviding a cold period, loss can often be avoided. Cutti11gs of 
l'rfagriolia .stellata we1·e inserted on the 24th of July and moved 
to cold sto1·age the following N ovembe1·. On Ma1·ch 23rd they 
,,,e1·e 1·etu1·ned to the g1·eenhouse whe1·e 94 % came into 
g1·0,vth. Cuttings handled in this manner produce ot1tsized 
1·oot systems and therefore grow quickly whe11 they a1·e trans
planted. 

In anothe1· expe1·ime11t 40 cuttings of Ma.g'riolia, l~(ili'Uii x 
.~tellata were divided into two lots and inse1·ted unde1· polye
thylene plastic. Lot #1 was placed in a chamber with bottom 
heat at 75°, while 1,ot #2 was put in a chambe1· ,vithout bot
tom heat. All cuttings in Lot #1 rooted heavily but only one 
cutting in Lot #2 did so. 

During past meetings of this group Taxu.s [Jaccata 1·eparl
deris has been discussed as sub,ject conside1·ed difficult to root. 
A specimen at the Arnold Arbo1·etum was acquired in 1890 
and is now about 7 feet tall by 15 feet in diameter. P1·ofesso1· 
Ray Keen of Kansas State University visited us last yea1· and 
1·el1uested that we 1·oot cuttings selected only from excu1·rent 
shoots which it produces abunda11tly. He suspects that p1·opa
gants f1·om this pa1·t of the plant might lead to specimens with 
cha1·acteristics similar to the cultivar known as 'Rams' 
Horn Yew'. With the thought that p1·opagational information 
might be acquired, the cuttings we1·e treated in three diffe1·
ent ways. Lot #1 was treated with a ti·ade p1·oduct called 
Ho1·mo-Root-C which comprises 8 mg of IBA in a gram of talc 
together with 15 % thiram. Lots #2 and #3 were t1·eate<l with 
powder formulations of IBA at 1 o/o and 2 ':¼> 1·espectively. Lots 
#1 and #2 each rooted 100 % but the 1·oot systems of Lot #1 
were fa1· superior, probably due to the fungicide. During the 
1962 Plant Propagato1·'s Society meeting, Dr. Charles Hess 
desc1·ibed wo1·k at the Boskoop Experiment Station whe1·e the 
1·ooting of cuttings ,vas greatly improved by adding captan to 
1·oot inducing substances. Afte1· hearing his remarks we pre
pared a mixture as follows: fifty g1·ams of Hormodin #2 and 
#3 we1·e each combined with 10 grams of captan 50 % wetta
ble powde1·. During the 1963 summer season the wide variety 
of species that we routinely p1·opagate were treated with these 
on a compa1·ison basis. The 1·esults were so strikingly favo1·
able that all powders since that time have contained a fungi
cide. At the Arnold Arboretum we make it a practice to use 
la1·ge cuttings when dealing with such subjects for we feel 
they root faster, better and often save yea1·s in producing 

• specimens. 
References conce1·ning the p1·opagation of Cytisus by cut

tings often reco.mme,nd specific sizes, one mentions cuttings two 
to four inches long, anothe1· suggests .s.lende1· side shoots. 
Such small cuttings a1·e neithe1· essential no1· desirable. They 
1·oot but produce slende1·, brittle roots difficult to process. Cut
tings of Cytisus praecox ranging in length from 2 to 40 inches 



' 
\Vere gathe1·ed in late November, wounded, t1·eated and placed 
i11 containe1·s on a11 open g1·eenhouse bench. In about six weeks 
all had rooted, \\'ith the larger cuttings producing apportion
ately la1·ge 1·oot systems. 

The following is an example of the odd and sometimes 
i1e1·plexing things that may occu1· in plant propagation. On the 
2211d of Ma.)', 1959, the di1·ector b1·ot1ght a b1·anch of Vibu1.,nu11i 
(IJJ'Ulu:; 'Notcutt's Variety' to the greenhouse. The plant was de
st1·oyed by vandals over the weekend and had lain in the sun 
fo1· a couple of days. Sp1·ing growth had .iust begun and the 
new shoots were abot1t 1/2 inch long - it ,vas badly ,vilted 
and appeared hopeless fo1· p1·opagatio11. If anyone else had 
made the request it no doubt would have been tossed into the 
t1·ash as soon as he 1·ounded the co1·11e1·. Howeve1·, we made 15 
cutti11gs comprising 3 sets of nodes. In two weeks, to our as
tonishment, extensive roots appeared at all nodes both above 
and below the medium, along the stem and even on the leaf ribs. 

The p1·opagation of woody plants difficult to root would 
have been a simple1· topic fifteen 01· twenty years ago than it is 
today. A long list of subjects considered impractical to root 
~tt that time are now p1·opagated commercially as routine prac
tice. It has been said that with the advent of anti-biotics the 
science of medicine eme1·ged from the dark ages. It may also 
be said that technological adva11ces have accomplished much 
the same in the science of plant propagation. Root inducing 
substance p1·ocedu1·es, inte1·mittent mist and polyethylene 
chambe1·s have been developed to a high degree of perfection. 
Many of the great strides made during recent years may be 
c1·edite•d di1·ectly to this organization, the International Plant 
P1·opagator's Society. 

MODERATOR HESS: Thank you, Al, for a fine presenta
tio11. Ot11· next speake1· is Tom Pinney, Jr., one of the Society's 
most progressive nurse1·ymen who utilizes sound production 
techniques, cost accounting procedures and who has contribt1t
ed t1·emendously to the Society and the industry. Tom will tell 
us about the propagation of birch. 

THE PROPAGATION OF BIRCH 
1'HOMAS S. PINNEY, JR. AND GENE W. PEOT'J.'ER 

Evergreen Nu1·sery Co., Inc. 
Stu1·geon Bay, Wis. 

Ou1· nu1·se1·y has sold Birch to the nursery trade for the 
past 100 years. During this time we have had many com
plaints and unhappy customers because the stock was collected 
a11d had notoriously poo1· root systems with c1·ooked stems. 
The situation finally became so distu1·bing, and the demand 
was so great, that we decided that we must meet this problem 
with positive thinking and somehow develop a program of 
mass producing Birch in the nursery. As a 1·esult, 6 years ago 
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we emba1·ked on a vigorous p1·og1·am to solve the p1·oblem of 
commercially g1·owing Birch in ou1· a1·ea. This was a team 
effort from the start. Everyone in ou1· 01·ganization under
stood the value of developing st1ch a p1·og1·am and added ideas 
and constructive criticism. We received many helpful hints 
from ou1· yearly attendance at the Plant Propagators Societ)' 
meetings and from our f1·ie11ds in the flo1·ist indust1·y. There 
is nothing ne\v 01· 1·evolutiona1·)' 111 the techniques \Ve en1ploy 
in this p1·ogram. Rather,, I believe, the success has come f1·om 
the prope1· u'cilization of techniques al1·eady well established 
in our indust1·y, the willingness of our people to learn f1·om 
their failt11·es and their desi1·e to constantly imp1·ove the p1·0-
gram. 

GREENHOUSE CULTURE 
The fi1·st step in the successful propagation of Birch is the 

collection of viable seed. A germination test is the most accu1·
ate measure of viability of a specific seed lot. The Birch seed 
c1·op varies from yea1· to yea1· and we attempt to collect seve1·
al years supply ,vhen it is available. The seed is sto1·ed in 
either polyethylene 01· cloth bags which a1·e kept in large 
steel barrels at 35-40 degrees F. 

In January 01· February a second ge1·mination test is made 
to determine the best lots fo1· seeding. The seedling media is 
prepared by mixing 2 parts of ou1· transplanting mix and ~1 
part sharp sand. Both the t1·ansplanting mix and sand ha've 
been steamed previous to mixing. We will desc1·ibe the trans
planting mix later. This media has excellent d1·ainage p1·ope1·
ties. The seed is b1·oadcast ove1· the enti1·e flat and the flat is 
then covered with a plastic film. These flats a1·e placed in a 
germination box with bottom heat maintained at 65 degrees 
F by electric cables and thermostat. Ge1·mination takes l)lace 
in 7-10 days. The seedling flats a1·e then placed on the open 
bench where they remain fo1· 14-21 days. During this time 
we will sta1·t them on a ve1·y low constant nutrient prog1·am. 
The net solubridge 1·eading at the beginning is app1·oximately 
. 75. 

Extreme caution must be exe1·cised in not contaminating 
the seedlings with damping off 01·ganisms. In recent years we 
have used several commercial drenching solutions prior to 
seeding and sta1·t a p1·eventative maintenance program afte1· 
germination, with captan and othe1· fungicides as needed. 

After working closely with a large commercial florist. we 
finally developed a t1·ansplanting media that met our requi1·e
ments. It co11sists of 60 % peat moss, 25 % soil and 15% per
lite. The soil is a sandy loam. The perlite is 1·ecovered frorr, 
our g1·eenhouse operatio11 f1·om benches used to stick our cut
tings. It co11sists of ~/2 Ryolex #6 and 1/2 Krum. T,vo and 
one half pounds of triple supe1·phosphate is added per yard of 
mixture. The preparation is then steamed for 30 minutes at 
180 degrees F. Since we a1·e primarily conce1·ned with the 
problems of aeration and good nutrient 1·etention, we have at-
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tempted to tailor the media to meet these rel1ui1·ements. We 
use the high pe1·centage of peat moss to bolster the nutrient 
1·etention capacity of ou1· rathe1· low 01·ganic type soil. Both 
the peat moss and the pe1·lite seem to give an optimum drain
age situation. We have developed a perculation test using 6'' 
standard cla)' pots. The san1e pots a1·e used each year and 
some of the p1·evious yea1·s soil is saved fo1· compa1·ison. The 
pots are filled ,with the media and st1·uck off even with the top 
of the pot. They a1·e give11 fo111· consec11tive 250 cc applica
tions of wate1·. The temperat,u1·e of the water used is approxi
mately 55-60 deg1·ees F. By the time the fifth 250 cc watering 
is applied, the n1edia has been tho1·oughly soaked. We feel 
that a satisfactory perculation test occurs when all of the 
,vater in the last test has disappea1·ed f1·om the surface of the 
media in 35-45 seconds. These tests a1·e made after steaming 
since this procedu1·e may improve the perculation time by as 
much as 85 ;¼;. 

After the second t1·ue leaf becomes visible, the seedlings 
a1·e transplated into 2¼'' square peat pots 01· strips. Each flat 
contains either 54 or 60 pots depending 11pon whether squares 
01· strips are used. Three seedlings are placed in each pot, to 
fo1·m a clump. 

After transplanting, the flats are placed in a shallow pan 
containing a dilute solution of nutrients and allowed to soak up 
from the bottom. The plants are then placed on benches in 
plastic greenhouses 16' x 971/2'. The . fertility program is 
gradually increased until a net solubridge reading of 1.5 is 
obtained. A 20-20-20 type soluble fertilizer is used and inject
ed through the line with each watering. 

A preventative mainte11ance p1·og1·am for pest control is 
follo,ved with applications of the combination of Isotox and 
Captan once~ a week. Occasionally specific pests are encoun
te1·ed and other pesticides a1·e: utilized. The temperature is 
kept between 65 and 75 degrees F. duri11g the day and 55 to 60 
degrees F. du1·ing the night. The temperature is varied de
pending on the type and amount of growth desired. The 
pla.nts remain in these greenhouses for app1·oximately 6 
weeks, whe1·e they develop at a very rapid rate. 

1',IELD CULTURE 
It is essential to obtain a high nutrient level in our nu1·

sery soils before transplanting the Birch to the field. This is 
accomplished by using a green manure crop of corn planted 
with a grain drill at the 1·ate of 21/2 bushels per acre. Suf
ficient fertilizer is added to insure good growth and tests have 
indicated we plow down as much as 6000 pounds of dry weight 
material per ac1·e. We have found the corn to be an excellent 
indicator plant of maJor nutrient deficiencies. The area is 
then treated with dieldrin to e1·adicate any white grubs that 
might be present. 

The peat pots of Birch clumps a1·e then t1·ansplanted to 
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the field afte1· all dange1· of f1·ost is past, sometime afte1· June 
10 in ou1· area. P1·ior to the actual planting, the area is pre
sp1·ayed fo1· weeds with 2 pounds of Sesone and ¼.1 pot1nd of 
Diu1·on pe1· ac1·e. We have t1·ied ¼ to o/'1. pounds of t1·eflan 
per ac1·e with unce1·tain results. Ca1·e must be taken in t1se 
of he1·bicides at this time since the Birch are in an extremely 
~tctive state of g1·owth and are ve1·y susceptible to he1·bicidal 
damage. This past yetl1· v-1e still did some ha11d \veeding of 
the a1·ea. 

We use fou1· deep tille1· shoes behind a th1·ee poi11t hitch 
t1·actor to mark off the beds and 1·ows. These shoes loosen the 
soil sufficiently in the 1·ows to allow fo1· easy pushing in of 
the little peat pots. Our beds are on 79'' centers with · fou1· 
1·ows to each bed, spaced 12'' apart. The large aisle is neces
sary because of the drooping over of the plants into the aisle 
toward the end of the season. A composted manu1·e is placed 
in each 1·ow p1·ior to transplanting. 

Prope1· summe1· cultu1·e is vital to the success of this op
eration. It is important to keep as many growth factors at 
optimum as possible. Unfortunately we have not learned what 
these optimums are fo1· many of the facto1·s. Immediately af
te1· t1·ansplanting we begin a supplemental ir1·igation pro
g1·am. The wate1· is applied th1·ough Skinne1· lines \vith auto
matic v-1ater motors attached. This system applies approxi
mately 1/8'' of water pe1· hou1· of ope1·ation. Depending upon 
the humidity, v-1ind and othe1· co11ditions, we apply approxi
mately 1-11/2'' of supplemental wate1· pe1· week. 011r fine, 
sandy loam soil has excellent d1·ainage, but unfortunately has 
a low wate1· holding capacity. Th1·oughout the enti1·e sum
me1· we apply nitrogen in the form of ammonium nitrate once 
a week. Ea1·ly in the summe1· we sta1·t 15 pounds of ammonium 
nitrate pe1· 600 ga.llons of wate1· and g1·adually inc1·ease this to 
25 pounds. Ou1· liquid fe1·tilizer apparatus involves a 600 gal
lon tank, traile1·, pump, tractor and boom. One man is able 
to operate this with reasonable efficiency. The 600 gallons of 
fertilize1· solution is applied to 1400 1·unning feet of bed or 
approximately 11,200 square fee·t. On the next trip the opera
to1· will apply clear water as a wash to the same area. When 
sufficient area has been fe1·tilized in the above man11er, the ir-
1·iga.tion lines a1·e turned on fo1· app1·oximately 11/2 hours. 

A p1·eventative pest cont1·ol program is the most desi1·able 
kind. Howeve1·, during the past year we have been testing 
several systemics to cont1·ol our major pest, Birch leaf miner. 
Presently we feel that Di-syston at 3 pounds pe1· acre when 
i1·rigated in, is the most promising. Lesser rates of this chem
ical have not done a satisfacto1·y Job. Meta-systox-R has 
give11 e1·1·atic 1·esults. We have used 11/2 pints pe1· 100 gal
lons. In years past we have used DDT and Malathion, alter
nating these two chemicals on a weekly basis. This has given 
us very satisfacto1·y control of the miner and other insects, 
but was a 1·ather expensive procedure. 
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DIGGING 
There are three ma.1or ways in which we begin to help 

nature harden off these very actively growing plants. First, 
we stop all fertilization on approximately Septembe•r 10. Second
ly, we do no additional watering after this time unless we 
have an extreme d1·ought condition. Lastly, ,ve underct1t the 
Birch with our power digge1· on app1·oximately September 30. 
If these procedures are strictly followed, we have had little or 
no difficulty in causing the leaves to drop on papyrifera and 
popt1folia. Sometimes alba is a little more stubborn. 

The lifting ope1·ation actually begins between N ovembe1· 
10 and 15 depending upon ho,v fast the hardening off proce
clure has developed. The plants are then dug twice ,vith ou1· 
digger blade in it's maximum lifting position and the plants 
ma11ually lifted, tied into bundles and 1·emoved to ot1r storage 
by trailers with aluminum hot1ses. 

GR.4DING AND" SHIPPING 

Unfo1·tunately we still carry out the standard 11ursery 
practice of grading by hand. If we ,vere able to grow all of 
the clumps with three eve11ly matched stems, our grading 
problem would be greatly reduced. However, many of them 
,,ary in size and must be pulled apart and put into their prop-

- er grades. This is a ma.ior p1·oblem as only 15-20 '.¾) of the 
clt1mps actually have three stems that fall into the same grade 
category. The uneve11 development of the stems is one of the 
most perplexing problems to challenge our thoughts. Although 
we are not able to solve this problem during the first seasons 
growth, we have discovered it can be solved the following yea1· 
by clumping i11 the field single or double stems from the same 
grade. This allows a further flexibility to the customer since 
he can plant as many stems per clump as he wishes and pat
tern them according to his own tastes. 

Shipment can be made to the customer anytime after fall 
digging. By the end of March we have most of our orders 
shipped as we are anxious to do this befo1·e the onrt1sh of ot11· 
spring shipping season. 

FIGURES 
A brief look at figures numbered 1-5 will reveal some 

rather interesting data that we have collected. 
The first figure, entitled ''average growth rate of Birch 

stems'', indicates the growth rate of the Birch stems in inches 
per day. The data is based on a representative sampling of 
20 plants, including three varieties, involving 48 individual 
stems. Measurements were recorded once a week to the near
est .25 of an inch. The total population of the field included 
B5,000 papyrifera clumps, 10,000 alba clumps and 5000 popu
folia clumps. The top line represents the tallest stem of each 
clump, while the bottom line represents the shortest stem of each 
clt1mp. The middle Ii11e 1·ep1·ese11ts all of the stems involved 
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in the test. Some clumps measured had only 1 or 2 stems. 
Note ho,v each line dips sharply dt1ring the third week of 
July, the second week of August and the fourth week of 
August. Each of these dips coincide perfectly with periods 
of water shortages to the growing area. This summer we ex
perienced one of the most se,,ere droughts that our county has 
had in many years. As a result, on these three weeks the water 
was rationed to the a1·ea. Notice that the growth rate was 
cut almost 50 % during the fou1·th week of August. From past 
years experience, we can be reasonably sure that we would 
have achieved at least .60 of an inch of growth per day by mid 
to late August if we had not encountered the water sho1·tage. 
The slight rise in growth rate during the second week of 
September is due to a natural rain that occured after \\'e had 
ceased watering. 

The second figure, entitled ''average height of Birch 
stems'', clearly points out that if the clump has uneven stem 
height when it is transplanted to the field, the problem will 
be accentuated rather overcome. Note the much greate1· spread 
at the end of September than when the plants were originally 
transplanted to the field. From this, ,ve can see that the basic 
problem of tineveness occ111·s between the time of t1·ansplant-
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ing to the peat pots and the tin1e they are planted into the 
field. 

The third figu1·e, entit led ''growth rate of the thr·ee Birch 
varieties'', is vel"Y interesting because it confirms a suspicion 
we have had for a 11umber of yea1,.s . It clearly indicates that 
papyrif era i.s a much more vigo1--ous growel'.· than alba and 
p.opuf olia, with t1s. Becau.se we were suspicious of t his in the 
past, we have even planted 0L1 r alba first i11 ou1,. g1--eenhouse 
production a11d theref 01,.e they often reach t he f ield as- a larger 
size. This poses a,n interesti11g q11estion-now that we ca·n 
p·r·ove that it costs more in our case to g1·ow a lba than papy
rifera., can we s11ccessf111ly adj 11st 0 L1r· pricing sch edule accord
ingly ? This might t ake a little co111"age even when we have 
the fa.cts. 

The fo urth figu1"e, ent.it led ''size distribL1tio11 of graded 
Bit'"ch clumps 1965'', is bas,e1d on data r··eco,rded fro1n the 1965 
crop which involved 55,0·00 clumps. \i\1hen viewing this cha1--t, 
1~emembe1· that it costs j11st a.s much !co grow t he· 3--6'' plant as 
it cloes the 4-5' plant. I might point otit t hat in ot1r o,peratio11, 
the break even point is within the 12-18'' grade. 
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Figure number five, entitled ''cost of Birch productio11 
by operations 1965'' is relatively self explanatory. The 22.5 o/o 
involved in grading is high, primarily because of the un
eveness of the stems. This same p1·oblem comes back to hat1nt 
us over and over again. In looking at the distribution of di
rect labor, overhead and materials, it is easy to see that we 
start with a very small investment in materials, but put a 
tremendous amount of labor into producing this quality plant. 
We based our overhead on 250 % of direct labor in the year 
1965. The actual figure ,vas 249%. It must be emphasized 
that this is based on cli1·ect labo1· and not total labor. Each year 
this figure varies as we develop our departmental P&L state
ments. The cost of p1·oduction when broken do,vn to dolla1·s 
and cents has been within 2c pe1· clump over the past th1·ee 
years. 
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SUlJlfMARY 

111 co11clus ion, I would like to agair1 emp.ha.s ize t,hat what 
Stlccess \Ve have gain.ed has bee11 t hr·ot1gh a team effort of our 
whole orga niza.t io,n and manJ1 helpful hints from people like 
yot1r·selves and those ir1 the floris:t industry. W e have much to 
learn about the Ctllture of plant life, e·speciallv it's nut1--ition. 
Cer tai11]y this program is n.o·t t h e ultimate.-far from it, as 
t h.er·e i .. mt1ch to be done yet a.ncl we hope to expand it into 
other· areas of pI·ocluction . 
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July. The1·e were a numbe1· of very nice cuttings on those 
plants so I could not .iust throw them away but took them 
home. It "'as a ve1·y hot day and we had no ice or anything 
to keep them fresh. We picked out about 100 cuttings, made 
them and put them in flats under outdoor mist. The result 
looked very poor after a few weeks so I lost interest in them 
but when in late October I came to clean out the frame I 
found about 50 ',¼ rooted. 

This helped me make up my mind to try again the fol
lowing summe1·. \Ve again made about 100 cuttings of Mrs. 
C. S. Sargent which, by 'che way, is one of the more difficult 
va1·ieties. We gave it better care and got a 65-70% stand. 
Then we decided to go a little better in 1965 and we put in 
about 900 cuttings in 20 01· more varieties. Very good care 
was taken of these and the result was 90-95 % . These cuttings 
were put in flats in 50%, peat and 50 o/r, fine per lite so we had 
to pot them after rooting during the winter months. They 
were not all the ve1·y easy to root varieties as they included 
l\'f rs. C. S. Sa1·gent, General Grant. D1·. Dresselhuys, Charles 
Dickens, etc. 

So here was the 1966 summe1· coming on and we extend
ed the amount of cuttings to about 6,000. We also changed 
f1·om putting them in flats to sticking ,them directly into 3~/2'' 
peatmoss pots, 18 to the flat, so transplanting would not be 
necessary. 

We also had to make a change of location as our outdoor 
bed did not give us enough 1·oom to put them there. We put 
them on top of a bench in the greenhouse which had no glass 
but a protection of Saran cloth. However this has cost us a 
loss of about 12% of our cuttings. The reason of this is that 
the1·e was more drift of the mist and we were using our old
est misting set up so we were constantly troubled with clogg
ing nozzles and through this we did not get proper coverage. 
It is a must that mist is 100 % available at all times for all 
cuttings, even so we have an 82% stand. We ran from 55 o/o 
in poorly misted cuttings to 98 % in others. We also put in 
some cuttings 3 weeks later in flats unde1· outdoor mist in 
ou1· ground beds. The 1·esult - 95 % , The reason, better mist 
coverage. 

The powder we used is 50 % , 4% I.B.A. and 50% 4X 
CUTstart a.nd 1/16 PHYGON or any good fungicide. 

VOICE: Why do you use the fine g1·ade of perlite? 
JOHN VERMEULEN: We feel the coarse grade provides 

too much aeration and if the liner is planted in a heavy soil it 
will not become established as well as it would if it was in a 
fine grade of perlite. 

JIM WELLS: How did you wound your cuttings? 
JOHN VERMEULEN: With a razo1· blade in a holder. You 

can make a very fine wound. 
AL LOWENFELS: What ho1·mone did you use? 
JOHN VERMEULEN: We used what is known as Germain 
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Dr. Dresselhuys 
Cata,vbiense Grandiflort1m 
Parsons Gloriosum 
A trosangu inea 
Pu1·pu1·eum Elegans 
Gene1·al G1·ant 
Boule de N eige 
Fortunei #1 
E. S. Rand 
M1·s. C. S. Sa1·ge11t 
White Gem 
Van Wee1·den Poelman 
English Roseum 
Cha1·les Dickens 
Catawbiense Alba 
Roseum Elegans 
Ignatius Sargent 
Scintillation 
Cunningham White 
Charles Bagley 
Everestianum 
H. ,v. Sargent 
F. D. Godman 
Lee's Dark Purple 
Smi1·no,vi 
Mrs. P. De11 Oude11 
Caractacus 
Roseum Supe1·bum 
Catawbiense Bou1·sault 
Dr. Rutge1·s 
Nova Zembla 
America 
Gloxiosa 
Seedlings #1, Reel 

• 

Nol 
SL11ck R<><>lc<l Roolc<l Dca<l 

252 138 
108 80 
54 51 

108 94 
252 240 
106 96 
252 192 
103 102 
108 36 
108 60 
108 108 
108 108 
252 243 
108 101 
252 251 
252 223 
124 70 

54 54 
105 91 
234 200 

36 34 
90 75 

139 90 
252 170 
36 36 

108 95 
252 167 
108 84 
108 104 
146 118 
630 556 
612 378 

16 12 
54 43 

66 
18 
3 
8 

12 
8 

17 

34 
22 

6 

15 
13 

20 

12 
15 
57 

9 
33 

4 
4 
3 

33 
132 

4 
6 

48 
10 

5 

4 
,13 

1 
38 
26 

9 
1 
1 

14 
41 

14 
14 

2 

4 
52 
20 

25 
38 

102 

2 

powde1·. We got the mate1·ial f1·om a bt·ick laye1· 01· plaste1·e1· 
in Philadelphia who was an amateur propagator. His name 
was Ge1·main. The mixture is one part 4 % ]BA mixed with 1 
pa1·t 4X Cutstart and 1/16 part phygon 01· othe1· fungicide. It 
doesn't burn. 

CASE HOOGENDOORN: Do11't you get IJt1d i11hibitio11 IJy 
t1s111g such a st1·011g ho1·mone? 

JOHN VERMEULEN: We cut out the cente1· buds, most of 
them are flower buds anyway. But we do get good strong 
growth with no inhibition. 
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AL LOWENFELS : When do you take the cuttings? 
JOHN VERMENLEN: In July. Roughly around the second 

week in July. The wood is .iust about sturdy. 
MODERATOR HESS: Thank you very much, John, for a 

paper which stimulated much intei·est. Ou1· next paper 011 
the propagation of Ca1·ya illinoensis will be given by Booker 
T. Whatley. Booker is the head of the Horticulture Depart
ment at Southe1·n University and, I am proud to say, a Ph.D. 
graduate from R11tgers Unive1·sity. 

PROPAGATION OF CARYA ILLINOENSIS (PECAN) FROM CUTTINGS 
BOOKER T. WHATLEY, STANLEY 0. THOMPSON 

AND JACK H. JEFFERSON 
Soutlie1·n U1iive1·sity - Baton Rouge, Louisiana' ' ' 

The pecan, Ca1·yo illinoe1isis, is p1·opagated commercially 
by bt1dding or grafting on seedling rootstocks. There are 
three ma.ior disadvantages e11counted when one grafts 01· buds 
varieties onto seedling rootstocks: 

1. Considerable time and expense a1·e involved a11d often 
with only moderate success. 

2. Seedling rootstocks have a tap root with a few lateral 
fibrous roots. This characteristic has been associated 
with poor survival of transplanted trees. 

• 

3. Each seedling rootstock has the potential of being gen
etically different . 

The need for an improved method of propagation of pecan 
has, therefore, been recognized for some time. 

There appears to be only three published reports in Amer
ican Horticulture literature that deal with the propagation of 
pecans by cuttings. Stoutemeyer ( 5) rooted dormant Green
river pecan cuttings by pre-callusing and treatment with in
dolebutyric acid (IBA) ; no report was given on whether the 
rooted cuttings were transplanted. Gossard (1) reported the 
rooting of pecan softwood cuttings under continuous mist. 
None of the rooted cuttings survived when transplanted (2). 
Sparks and Pokorny ( 4) studied the effects of wound treat
ments and root-inducing chemicals on rooting of terminal 
pecan cuttings taken at four different dates. These investiga
tors reported that: 

1. Rooting was inversely related to the maturity of the 
terminal. 

2. IBA plus a light wound gave the highest rooting per
centage. 

1Th1s work \\',IS supported 111 part l1y a g1.111t fron1 thC' Society of the S1gn1,1 X1 and RESA Re, 
<,carch Fund • 

:!The .iuthor::- cxprcs:, their a11prcc1dt1ot1 to Dr B,1rton R Fartl11ng, Professor a11d Head, Depart, 
n1cr1t of Expcr1mc1l'tal St<1t1st1cs, Lot11:,1,1na &tat~ Un1vcr::-1ty, fo1 1111,, ,1dv1cc and ,1ss1stc1.ncc regard, 
111g the cxf}(.r1mcr1t,d des1gt1 arJ stat1st1cdl analysis 
1ThL ,H1thors L.xprc~~ g1,1t1tudc tti Dr Rol)crt J licrschlcr, Cr()W11 Zcllcrl);ich C(lf!)tirat1()!l, C'an1a~. 
\\T,1..,h1ni,.:to11 f1)f the supply t)I I)MS() ,tnJ the l~,1rk lla111t 

41\p11rcc1,tt1on 1.., cxprcs!\ccl to Mr S1n111£'l \\' Aust111. Assistant Ilrofcssor of Pl1otograpl1;-•, 
Soutl1c111 U111vc1s1ty, fu1 J)hotogr.1ph1c ..1!:)s1st,1ncc 
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3. Root quality was poo1·. 
It Se€ms that no method has been developed for growing 

rooted pecan stem cutting or rooted layers into trees (2). 
This paper is the first in a series dealing with the rooting 

and survival of pecan cuttings as they are affected by variouR 
chemicals including the solvent Dimethyl Sulfoxide (DMSO), 
(3). 

MATERIAL AND J.l!IETHODS 
A randomized block experimental design with eleven 

treatments replicated five times and ten cuttings per treat
ment per replication was employed in this study. 

The cuttings used were terminal softwood, six inches in 
length and twelve to fifteen mm in diameter at the base, with 
five leaves. The cuttings were taken from eight year old 
stock plants of the Stuart variety. The rooting medium ,vas 
vermiculite, in 21/4 inch round jiffy pots. The potted cuttings 
were placed on the propagation bench and watered in, and 
propagated under intermittent mist without bottom heat. The 
treatments were: 

01 Girdled shoot six inches from apex 
02 Bark Paint - The paint consisted of: 

1.5 parts N AA 
50.0 parts DMSO 
40.0 parts Acetone 
10.0 parts glycerine 

03 Simpson Dip - Consisted of: 
5 grams IBA 

500 ml ethyl alcohol 
100 ml of the above solution diluted with 100 ml 
of ethyl alcohol and 200 ml of distilled water. 
Cuttings soaked in this solution for one minute. 

04 Fifteen minutes soaking in a solution containing 
1000 ppm IBA and 0.5 o/<, DMSO 

05 Thirty minutes soaking in a solution containing 
1000 ppm IBA and 0.5 <fi1 DMSO 

06 Forty-five minutes soaking in a solution contain-
ing 1000 ppm IBA and 0.5 'Y,, DMSO 

07 Control - no treatment 
08 500 ppm IBA in talc 
09 5, 000 ppm IBA in talc 
10 10,000 ppm I1BA in talc 
11 20,000 ppm IBA in talc 

The data were obtained by counting the number of roots 
that penetrated each jiffy pot and transferred to punch cards 
and computer analyzed. An analysis of variance and orthogon
al comparisons we1·e used to determine differences among 
treatments. 

fot· 

RESULTS AND DISCUSSION 
The mean number of roots that- pentrated the 
the respective treatments varied from 0.3 for 

2U6 

_jiffy pots 
t1·eatment 



TABLE I ANALYSIS OF VARIANCE 

So11rce of Variation 
' 

d./f. s s. ;\[ s. F 

Total 549 34,486 

Replications 4 44 11 

Treatments 10 29,769 2977 162.85'~* 

7 vs others 1 1,675 90.14** 

1 vs (2-6 & 8-11) 1 396 21.67** 

2 vs (3-6 & 8-11) 1 743 40.62** 
t;i 
0 

3 vs ( 4-6 & 8-11) 1 35 1.95 N.S. --, 

( 4-6 VS (8-11) 1 644 35.25** 

4 vs 5 & 6 1 13,200 722.12** 

5 vs 6 1 25 1.37 N.S. 

8 vs (9-11) 1 2,709 148.22** 

9 vs 10 & 11 1 192 10.50** 

10 vs 11 1 10,201 588.04** 

Experimental Error 40 731 18.3 

, Sampling Error 505 3942 7.8 , 



06, soaking fo1· forty-five mi11t1tes 111 a solutio11 co11tai11i11g 
1000 ppm IBA and 0.5 % DMSO, to 23.3 for treatment 10, 
10,000 ppm IBA in talc. Highly significa.nt differences were 
found among the various treatments (Table 1). When the cut
tings were soaked from 15 to 45 minutes in a solution contain
ing 1000 ppm IBA and 0.5 o/,J DMSO, the n1ean number of 1·oots 
for the 15 minute soaking period was 20.7 and highly signifi
cant when compared to the thirty and forty-five minute soak
ing periods with 1.3 and 0.3, these being no different from 
control (Table 2). Bark Paint, Simpson Dip and girdling hav-

·r,1lilc 2 I,ffec1s of Soaki11g ·1·1e,11111c111~ 011 Roo1111g c,f C11>)''' 1//111oe1111, C.111-
1i11g~ 111 S,011111011 C.011t,1111111g 1000 pp111 11\,.\ a11(! 0 :'i~/0 l)i\fSO 

• 

"f'i111e (i\1111) 

15 

80 

45 

Control 

Effect of G11·dling. 
1/l111oe11.,11 C11tt111g, 

Treatme11 ts 

Control 

Bark Paint 

Simpson Dip 

Girdling 

N11111IJe1 r,f R<>(Jls 

20.7'1 * 

1.3 N.S. 

0.3 N .S. 

3.2 N.S. 

l\a1k l',1i11L :111,l S1111p~o11 J)1p 011 R,,,,1i11g of C11l)'lt 
• 

3.2 N.S. 

13.2*'1" 

9.9'1'* 

6.6*'1' 

• 

'falilc 4 Effect of Levels of IBA 111 ·1·a1c 011 Rr,r,1111g (J[ Ca,)•a 1/l111r,r1111, C11Lt1ngs 

' I BA (pp111) N11111lJe1 of R,,,,1, 

20,000 3.2 N.S. 

500 3.8 N.S. 

5,000 10.7*·1• 

10,000 23.2 ·1• * 

20,000 3.0 N.S. 



i11g a mean numbe1· of 13.2, 9.9 a11d 6.6 roots per plot 1·espec
tively, (Table 3), were significantly better than the control. 
The effects of levels of IBA in talc as indicated in Table 4 
shows that 5000 and 10,000 ppm were significantly bette1· 
than the cont1·ol while 500 and 20,000 ppm were not different 
from the control. Level of 10 000 ppm was significantly bet
ter than 5,000 ppm (Table 4). 

Rooting was first observed forty-five days after the sta1·t 
of the experiment and all cuttings were completely defoliated 
at that time. The absence of leaves appea1· to have little 01· 
110 effect on 1·ooti11g. 

SU1'11MARY 
A randomized block expe1·ime11tal design with ele,,e11 

t1·eatments, 1·eplicated five times with te11 cuttings per t1·eat
ment per replication was employed to study the effects of 
these treatments on rooting of ca,1·ya illinoen.c:;is terminal cut
ti11gs. Highly significant differences were found among the 
t1·eatme11ts. A level of 10000 ppm IBA in talc was found to 
be best, having a mean number of 23.2 ,·oots per plot. Fifteen 
minute soaking in a solution containing 1,000 ppm IBA and 
0.5 <;!,) DMSO was the second best treatment having a mea11 
numbe1· of 20. 7 roots pe1· plot. T1·eatment with Bai·k paint, 
5,000 ppm IBA, Simpson Dip, and Girdling having a mea11 
numbe1· of 13.2, 10.7, 9.9 and 6.6 roots per plot, 1·espectively, 
were significantly better than the control. Thirty, and 45 min
utes soaking in solution of 1,000 ppm IiBA and 0.5 o/o DMSO, 
and 500 and 20,000 ppm IBA in talc with a mean number of 
1.3, 0.3, 3.8 and 3.0 1·oots per plot, respectively, were no better 
than the cont1·0I which had a mean number of 3.2 roots pe1· 
plot. 
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MODERATOR HESS: Thank you, Booker. Our next speak
er is Joseph Cesarini who has a very fine collection of dwarf 
and ,·are plants in Long Island. Joe will talk to us about the 
propagatio11 of dwa1·f conife,·s. 



PROPAGATION OF DWARF CONIFERS 
JOSEPH CESARINI 

Jolinson Avenue Rare Plant Nu1·sery 
Sayville, New York 

I am very honored to appear here today. In view of tl1e 
limited speaking time, I have elected to speak on a few specific 
varieties of the many dwarf conifers I have available. The 
varieties of conifers I shall discuss have been selected alpha
betically. 

AB/ES 
The first genus is Abies. The Abies family is a very large 

genus of forest size trees which has give,n us relatively very 
few dwarf forms. We root and graft some of these dwarf 
forms. In our part of the count1·y, grafting dwarf firs pre
sents somewhat of a p1·oblem because of the selection of tln
derstock. The understock we prefer is Abies pectinata or Al)ies 
alba; however, we do not raise our own understock and these 
species are difficult to find as seedlings in the trade in this 
area. 

Abies lJalsamea presents a problem because our winters 
are not cold enough and our summers are a little too warm. 

Abies concolo1· is readily available but grows so vigorous
ly that it does not do _justice to the dwarf for·ms. To overcome 
this problem, we graft the firs very close to the root stock and 
we plant them extra deep hoping they will eventually grow on 
their own roots. 

We have a very interesting form of Abies balsamea nana. 
This plant roots very easily f1·om cutting. We take the cut
tings after the stock plant has been hit by a heavy frost. We 
use the current year's growth which is usually about 11/4'' to 
11/2'' in length, strip the last half inch of the leaves, dip them 
in Hormodin #3; using sand as a media we keep them in a real 
cool greenhouse. It is a very slow rooter. After it roots, it 
does not like to be disturbed so we leave it in the sand even 
after it makes new growth. After the new growth hardens 
off, we transplant it. This is the only fir in my experience 
rooted f1·om cuttings that continues to make good growth. 

We are able to root a dwarf form of Abies pinsapo glauca. 
However, this plant makes one or two roots on one side only 
and looks like a hockey stick. After we transplant them, they 
_just sit without making any new growth. The root system 
gets bigger and very, very coarse during this time, so we pro
duce them by grafting. 

Abies p1·ocera p1·ost1·ata is an interesting dwarf which 
,ve also produce by grafting. 

Abies lasiocarpa arizonica is another variety produced 
by grafting. It is rather reluctant to make leaders in the be
ginning but in time they shape up very nicely. 

It is not yet commercially feasible to pr·oduce the other 
forms of clwarf fi1·s which we have s11cceeded i11 1·ooting. 
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c; E,' IJ fl VS 
Cecl1·us atla1itica _qlauca 'to my knowledge has not yet pro

duced a dwarf form. We have examined many, many speci
mens for witches b1·oom to no avail. 

We have a weeping form of Cedrits deoda1·a which could 
be considered a dwarf. This roots fairly good from cuttings 
which are taken in early winter. We use the current year's 
growth, make a slight wound, dip them in Hormodin #3 and 
once again use sand as a media. By Springtime, they are usu
ally well rooted. Even afte1· transplanting, these cuttings 
make good growth immediately showing their characteristic 
form. 

We have a d\varf fo1·m of Cedr·us libain. There are reports 
that this Cedrus can be rooted but our stock is very limited so 
we prefer to graft them. ,ve use Cedrus cleodor·a seedlings 
for understock-potted in the spring, and grafted arot1ncl 
.January or February. 

Just out of curiosity, we have tried to root Cedr·u.'l atlariti
ca _glauca pe·ndula and the straight Ced1·1is atlantica glartca, 
but to date, we have been unsuccessful. 

Cedr·us deodoro roots quite readily. In fact, at one time, 
we were considering rooting Ced1·us deodora for use as u11d.er
stock for Cedr·us a.tlantica glauca and the Pendulus form. 

CHAMAECYPARIS 

The next conifer I am going to discuss is Chamaecy1Ja1·is. 
We have many species of this genus and anyone of these give 
us some interesting dwarf forms. 

Chamaecyparis lawsoniana is reasonably new in cultiva
tion, but it has given the trade numerous cultivars. They are 
relatively all very easy to root. We treat them all the same 
way. Since they are slow growing and dwarfed, to make a 
sizeable cutting, \ve go back on two or three year old wood, 
wounding and dipping in Hormodin #3. We use per lite and 
peat moss at a ratio of one bag of perlite to seven and one-half 
cubic foot bale of Irish peat as a media. The results are very 
satisfactory. The timing is not too important. In fact, at times 
\Ve root these in the summer under mist._ However, they root 
equally as well during the winte1· in the greenhouse where the 
media is kept at a temperature of 65° to 70°F. After rooting, 
they perform satisfactorily with the exception of Ch.ama,ecy
pa1·is la1vsoniaria f 01·.steckertsis. This one roots at a good per
centage but the root system is very poor. Even after they 
have started growing in the field, they do not like to be trans
planted. We have tried many different methods, at various 
times, but the loses \Vere so great that we gave up. 

Chamaecypa1"is obtusa nana g1·acilis is one of my favorite 
plants. We root this very easily from cuttings. We take the 
cuttings in the early part of the winter. Most of the time 
wounding is not necessa1·y because stripping the lower por
tio11 of the cutting leaves enot1gh wot1n<ls. We t1se 2 ';¼., I.B.A. 
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(i11 talc), the same media and the same g1·eenhouse condi
tions that we use for Chamaecyparis lawsoniana. Within ten 
to twelve weeks. They have a fantastic root system. We 
have been able to root these plants in straight perlite but the 
root system is not satisfactory and is very coa1·se. We also no
ticed that the selection of the cutting wood is very important 
because we can produce different variations from the same 
plant. A little tuft at the e,nd of a branch (not specifically 
on the upper section of the plant) ,vill produce a very com
pact plant. However, a cutting from the middle., which tries to 
reach for light, roots equally well but does not produce a good 
plant. We also graft some of these on high standards using 
Cllamaecypa1·is p1:sife1·a 01· laivsoniana for t1nde1·-stock. These 
produce good conversation pieces. The age and condition of 
the stock plant does not seem to have any affect on the rest1lts. 
As for the size of the cuttings, sometimes we go back to three 
01· four year old wood. This also applies to Cha11iaecypa.1·i.s 
obtusa, aii1·ea nana. This also applies to Chamaecy7Ja1.,is olJt1tsct 
''Minima''. In fact here, to make a little cutting, we have to 
go back on four or five, year old wood. We root Cha11laec11pa.1·is 
o[Jt11sa pygmea the same way but the selection of the wood is 
not important. In tin1e they all end up with the characteristic 
fan spray. 

We root othe1· forms of Chamaec71pu1·is obtusa, such as 
Cliu11iaecypa1·i,'! filicoicles and Cliumuecypa1·is obt·usa filicoides 
compacta (this one seems to root easier with .iust Hormodin 
#3). Once again the cutting stock is very limited, so we must 
be satisfied with 1·ooting .iust small cuttings. I have not had 
any experience in rooting big cuttings of this variety. 

There is also an unnamed seedling which roots equally 
well. 

Cha1naecy7Ja1·is obtu.'!a to1·ulosa is very easy to root. We 
treat this the same as the Chamaec11pa1·is obtusa nana g1·cicili.'!. 
It forms a very nice plant in a short period of time. This plant 
is not to be confused with the Chamaecypa1·is obtusa co1·alli
f 01·m1:s. 

Chamaecypa1·is olJtiisa tetra.gona aurea can also be rooted 
from cuttings. Our experience with this plant indicates that 
c'.uttings taken towards the end of November root quite read
ily; but, if cuttings are taken after they have been hit by 
heavy frosts, they form a very heavy callus. In this case, in 
order to root such cuttings, our experience has been to break 
off the callous, re-dip the cututings in powder and re-stick 
them. Following this proecdure, we have p1·oduced many i11-
teresting little plants. 

Our experience has indicated that Cha,maecypa1·is obt·11.<;a 
l11copodiodes is very stubborn. We have tried many different 
off the callus, re-dip the cuttings in powder and re-stick 
them. Following this procedure, we have produced many in
ways, different types of media, different cutting sizes, differ
e11t pe1·iods of 1:ime, t1si11g different hormones and have neve1· 
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bee11 able to 1·oot a si11gle 011e. We produce it by g1·afting 011 
t1111·ooted cuttings of Chamae'cyJJa1·is pisif e1·a plu1nosa with 
satisfacto1·y 1·esults. 

Cha1naecypa1·is JJisif e1·a JJluniosa 1·oots very 1·eadily in 
both summe1· and winte1·. In fact, befo1·e we could affo1·d a 
g1·eenhouse, we 1·ooted them in cold f1·ames. 

MODERATOR HESS: Thank J'OU, Joe, for a tremendous 
.iob. Ou1· 11ext speake1· "'ill be Dick Fenicchia \vho will talk on 
tl1e p1·opagation of the dove t1·ee f1·om seed. 

PROPAGATION OF THE DOVE TREE FROM SEED 
RICHARD A. FENICCHIA 
M on1·oe Cou1ity Pa1·!;,s 
Roclieste1·, N eiv Y 01·/;, 

111 1869 the F1·e11ch missiona1·y p1·iest, Abbe Da,•id, dis
C<Jve1·ed a 1·emarkable tree while making botanical collections 
in the ,vestern Chinese province of Szechuan. In 1871 it ,vas 
named Davidia i1ivoluc1·ata fo1· its discoverer. Nineteen years 
late1· the hairless-leaved va1·iety which has p1·oved to be usually 
ha1·die1· than the fi1·st hairy-leaved type, was found in the 
same province a11d anothe1· explo1·e1· sent seed to the French 
ho1·ticultu1·ist, de Vilmo1·i11, "'ho 1·aised one plant. The news 
of this 1·are discovery 1·eached the Veitch Nursery in England, 
then at the height of its p1·ominence. They sent E. H. Wilson 
on his first expedition to China ( 1899-1901) for the sole pt11·
pose of bringing this plant into cultivation. This was a suc
cessful ventu1·e since f1·om the fruits sent back at this time the 
Veitch N u1·se1·y p1·oduced thi1·teen thousand seedlings. In 
1903 and 1904, Wilson colle,cted the pubescent-leaved type fo1· 
Veitch who now we1·e able to offe1· his dia1·y of 1910 and the 
entry fo1· MaJT 30 and 31: 

''011 a precipitous slope facing ou1· lodgings, a sco1·e or 
n1ore Davidia trees occu1·; they vary f1·om 35 to 60 feet in 
height and the largest is six feet in gi1·th. The ba1·k is da1·k and 
scales off in small, i1·1·egular flakes. The flowers and their at
tendant b1·acts a1·e pendulous on fai1·ly long stalks, and when 
stir1·ed by the slightest b1·eeze, they 1·esemble huge butterflies 
hovering amongst the t1·ees. The b1·acts a1·e somewhat boat
shaped and flimsy in textu1·e and the leaves often hide them 
considerably but so f1·eely are they borne that the tree looks, 
f1·om a sho1·t distance, as if flecked with snow. To my mind, 
Davidia involucrata is at once the most interesting and beauti
ful of all trees of the no1·th tempe1·ate zone.'' 

W. J. Bean of Kew points out that Davidia stands mt1ch 
apa1·t in the vegetable kingdom; its nearest ally is co11side1·ed 
to be Nyssa. In the latest study of the fo1·ests of China by 
C. W. Wang (Ha1·vard University, 1961), both forms of 
Davidia occu1· in the mixed deciduous fo1·ests of both easte1·n 
and ,vestern Szechuan Province in China; Davidia is locally 
abundant in eastern Szechuan at elevations of 1,600 to 2,400 
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meters elevation. From a study of the f1·uits of Davidia, K. 
A. Beckett, in the Journal of the Royal Horticultural Society, 
January 1962. gives some support to accepting a third form, 
va1·. laeta, as grown f1·om Wilson's collections in the same 
a1·ea. 

F1·uits we1·e gathe1·ed about the middle of Octobe1· from 
seve1·al plants in Durand Eastman Park, Rocheste1·, Nev.' 
York. 

Seeds we1·e immediately given an after-1·ipening wa1·m 
period of five months. Seeds st1·atified between layers of sand 
in a tub and kept moist at all times. They were stored in a 
warm temperatu1·e of 65 to 70 degrees. 

Seeds were stratified in this mixture from middle of 
October 1964 until March 3, 1965. On Ma1·ch 3, 1965, seeds 
were removed f1·om stratification box ---',, washed and cleaned 
- all pulp removed from stones. 

After a d1·ying period of seve1ral hours, the seed ,vas 
then dusted with fine sulphu1·. Seeds were then stratified in 
layers of sand in stratification box. Seeds were then subjected 
to a cold pe1·iod Ma1·ch 3, 1965. Box was set outdoors to freeze 
under natu1·al conditions. Seeds remained outdoors all sum
mer and sand was kept moist at all times. After twelve months 
of stratification to March 3, 1966, seeds were removed from 
stratification box, b1·ought into the g1·eenhouse and planted in 
flats. 

( Seeds received two wa1·m after-1·ipeni11g pe1·iods and also 
1·eceived two cold dormancy periods.) 

While removing seeds from stratification box, I noted 
radical and cotyledon development. 1\1:edia used in the plant
ing of these seeds comprises equal parts of sand and sandy 
loam. 

Afte1· seeds we1·e inserted in this mixture of soil they were 
fi1·med in at soil le·vel and then covered with l/2 inch of sand. 
Sand was firmed in; flat was immediately watered in, set in 
the greenhouse at a tempe·1·ature of 65 to 70 degrees. The fol
lowing da.y the flats were saturated with a fungicide (Cap
tan or Fermate) - three 01· four weeks after flats were 
b1·ought into warm greenhouse, sporadic germination began 
to take place. Seedlings are subject to stem and root rot. 
Fungicide sprays are helpful in preventing spread of diseases. 
Watering also plays an important pa1·t during the germination 
of the Dove Tree. During the germinating period, the soil 
should be on the dry side. Wate1· should be given only to 
maintain soil moisture. During the germinating period and 
as the seedlings progress to a height of three inches more 
,vater can be given to the flats. Actually, the Dove Tree con
sumes a lot of wate1·. 

About the middle of July, seed flats we1·e put outdoors to 
acclimate and harden them off. After several light frosts, 
seed flats we1·e taken into a root celler to be stored for the 
winter months. 



MODERA 1'0R HESS : Tha11k you, Dick. 
next tell us about trials with three junipe1· 

J oe1·g Leiss 
unde,rstocks. 

TRIALS WITH THREE JUNIPERUS UNDERSTOCK 
JOERG LEISS 

Slie1·icla1i Nu1·se1·ie:, 
Oakville, Ca1iacla 

,viii 

1'his µaµe1· is a co11ti11uation of a p1·evious µape1· U)' ivl1·. 
C. deG1·oot and credit fo1· these trials should go to M1·. Con
stant deG1·oot, a membe1· of this Society f1·om its early begin-
11ing. It was he who had the idea of using the va1·ious under
stocl<, while I wo1·ked with him. We sta1·ted sea1·ching fo1· 
bette1· understocks after using Junipe1·us vi1·giniana. (Platte 
River sou1·ce) enti1·ely fo1· years, but 1·an into a numbe1· of 
problems ove1· the yea1·s. Heavy losses after g1·afting in the 
propagation bench f1·om phomopsis blight we1·e agg1·avated by 
uneven stands in the field, failure of seed to germinate and 
last but 11ot least a poo1· 1·oot system and consequent trans
planting losses, even after root pruning. To say the least, we 
came to a stage whe1·e you could say we were fed up. You have 
to consider that even a 20% loss of 60000 which we grafted 
at that time rep1·esents a large numbe1· of plants. 

Ou1· trials a1·e concerned with the following Juniperus 
species and/01· va1·ieties, and I will b1·iefly desc1·ibe them as 
they a1·e not all very familiar. 

1. Junipe1·us hetzi which was discove1·ed befo1·e 1948 in a 
batch of seedlings f1·om the West Coast 1·eceived by Hetz Nur
series in Fairview, Pennsylvania. It is believed to be a cross 
bet~,een J. vi1·giniana glauca as seed plant and J. pfitze1·iana 
as pollinato1·, is easily rooted, t1·ansplants 1·e·adily a11d produces 
ve1·y even stands after g1·afting. It also accepts all Juniperus 
species we have tried 1·eaclily and there seems to be no in
compatability. We have used it fo1· J. chinensis, J. commitnis, 
J. sabina, J. scopulorum, J. squa·mata, J. vi1·giniana species 
and all their many varieties, and have found all of them to 
grow well and transplant well. 

2. Junipe1·us pseudocitp1·es:;;us is of unknown origin and 
botanists cannot seem to agree ho,v to classify it. We receiv
ed our stock from H. den Ouden in 1924 who got it from Hesse 
Nurse1·ies in Ge1·many. It roots fairly good, has a very fib-
1·ous 1·oot S.)'stem and is a ter1·ific fast g1·owe1·, so much so, 
that under wet soil conditions it f1·eezes back at the tips. J. 
pseudocup1·essus transplants very easily. There is incompata
bility with some J. vi1·giniana varieties. It grows well from 
cuttings. 

3. The thi1·d is a chance seedling which came up .in a stone 
stairway, was called ''Stone Step'' and has been renamed fo1· 
n1arketing ''G1·ey Rock''. It is an upright growing plant with 
whipcord like grey foliage and of semi-open habit, but more 
compact than J. virginiana glauca. We propagate our under-
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stocks f1·om seed of the g1·afted pla11ts. It seeds heavily, ge1·
minates ve1·y well and p1·oduces a good 1·oot system. It seems 
to be phomopsis resistant as we have not lost a single under
stock to this disease since using it. This is without any pre
ventative spray p1·ogramme. It is also one of the ha1·diest Jt1n
ipe1·us va1·ieties we grow, and does well in the province of 
Quebec. We have also found some interesting seedli11gs an1ong 
them. 

We became involved with J. hetzi afte1· hearing about cut
ti11g g1·afts in 1959. We t1·ied some, had good st1ccess to heal 
tl1en1, but we1·e t1nable to promote roots at that time, pa1·tly 
because of too high humidity in the g1·afting case ,vhe1·e this 
t1·ial \\1as made, and the timing of the experiment (late Feb-
1·ua1·j'). G1·afting method used was side g1·aft tied with rub
ber. Seradix 3 t1·eatment. The next j'ea1· we tried again with 
J. pseuclocup1·essus. The 1·esults of this t1·ial we1·e published 
in 1960 by Mr. deGrott in the Plant P1·opagators' Society p1·0-
ceedings, page 124. They show very poo1· 1·esults with J. vi1·
_qinia1ia glauca, bu1·ki, and ca1iae1·ti, fair with all J. cliin,ensis 
va1·ieties and ve1·y good with J. vir·giniana, Hills Dundee. We 
have, by the way, abandoned cuttings g1·afts as we believe in 
potted grafts and there is no saving in space 01· g1·afting time 
by using cutting grafts, - as a matcer of fact, it took t1s near
ly double the no1·mal g1·afting time. 

In 1962 we t1·ied J. pseuclocup1·essus again, this time as 
potted, well established understocks. The following J·uri·i1Je1·us 
were grafted 30 each :-

J. chi1ierisis blctau1vi - 29 - field planted and counted 
1 vea1· late,· • 

J. cliirter1sis .i,apo1iica 24 
J. cliine1isis ketelee1·i 25 
J. cliinensis pfitzeria11,a A1·mst1·ong 29 
J. chinensis p fitze1·i1J,na com,pacta 25 
J. chinensis sargenti glauca 28 
J. communis clep1·essa 11ana au·,·ea 28 
J. communis Pencil Point 26 
J. sabina tama1·iscifolia 25 
J. scopulor·um Hills Silver 27 
J. sco1Julo1·um lVloonlight 26 
J. scopulo1·um No1·th Star 22 
J. squamata meye1·i 29 
J. vi1·giniana bu·1·lci 29 
J. vi1·giniana canae1·ti 29 
J. vi1·giniana glauca, 20 
J. vi1·giniana Hills Dundee 21 
J. vi1·gir1,iana Nova 28 
J. vi1·giniana pyr·amidalis . 28 
J. vi1·girtiana Skyrocket 27 

11011e of these ,ve1·e root pruned. 
The growth of these plants has been good and they are 

bushie1· than on J. hetzi 01· J. vi1·ginia11,a with the exception 
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agai11 (as befo1·e when ct1tti11g g1·afts we1·e made) j. catiae1·ti, 
J. glauca, J. bu1·ki v.rhich are, if not dead, only 2 feet tall, while 
all other upright varieties a1·e 5' on an avearge. spreaders have 
reached as much as 3' in J. squamata meyer·i. 

On all three trial understocks we found that the roots of 
all J. clii1iensis are reasonable to good, while the roots of the 3 
J. vi1·giniaria varieties which grew well are very coarse while 
the 3 J. vir·giniana which showed signs of incompatabilit)' 
with J. JJseudocup1·e.ssus have kept the fine root system of the 
t1nderstock J. pseilclocup1·essus. I would at this point s11ggest 
there is, as in many other plants, a definite influence between 
scio11 a11d unde·1·stock and which has been ,veil documented in 
the case of fruit trees and thei1· respective vegetative propa
gated t1nde·rstocks (E. M. and M.M. clones for Malus and the 
va,·ious Qui11ce types fo1· Pyrus. Plum clones fo1· plums and 
peaches). We still feel the ease of propagation and transplant
i11g outwe1ighs any drawbacks ,ve might enco11nter and makes 
it wo1·thwhile for us to co11tin11e to use these understocks. The 
1nai11 point in favo111· being thei1· resista11ce to disease and verJ' 
high pe1·ce11tage of success in grafting. 

MODER.<\.TOR HESS: Thank yot1, Joe1·g, for an excelle11t 
presentatation. The balance of this afternoon's p1·ogram will 
tieal with weed control a11d will be mode·rated by Roger Cog
geshall. 

lV!ODERATOR COGGESHALL: Ou1· sub,ject of weed control is 
011e ,ve are all interested in. It is a controversial st1b.iect. As 
you know some people are successf11l, others are not. We a1·e 
fo1·tunate this after·noon in having t,vo men to speak to us. 
The first I would like to introduce is D1·. Alfred Pridham, Cor-
11ell U11ive1·sity, Ithaca, New Yo1·k. 

WEED CONTROL FOR THE NURSERY 
ALFRED l\f. S. PRIDHAM 

De7Ja1·tment of Floricilltu1·e and Ornamental H orticult1,1,1·e 
Co1·1iell Univer·sity 
Itliaca, Neiv Yor·k 

W eecl - A weed is a plant out of place or a11 t1n,vanterl 
plant. 

Some weeds carry plant diseases and insect pests while 
the mere presence of quackgrass in a plant ball is enot1gh to 
1·estrict trade by qua1·antine in some states. 

It is now 20 yea1·s since the selective action of ''Carrot 
spray'' was found to apply to the weeding of evergreen seed 
beds and that Dinit1·0 killed seedling weed growth promptly on 
contact but that woody stems were merely defoliated. 

Large scale soil fumigation was in use 20 years ago in 
production of Hawaiian Pineapples and mulch pape1· was 
laid by machine. Young cuttings or offsets of pineapples were 
set through the paper mulch and early growth p1·oceded with 
a mi111mt1m of inte1·fe1·ence from weeds. Those ,veeds ihat 
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did grow were removed by hand usually by a weed patrol of 
two ,vorkmen much as ''spot weeding'' is done during the 
growing season in some nurseries today. 

Today soil treatment is a professional .iob for custom ap
plicators and much in demand in ho1·ticulture. Care and cali
bration of equipment for injection purposes are critical matters. 
Laying plastic and applying asphalt emulsions are also critical 
but results can be spectacular from low rates of weed killer 
operating under conditions for maximum e,ffectiveness on ger
mination and early growth of weed seedlings i.e. through am
ple moisture, uniform temperature and with prolonged herbi
cide effect. 

The Howard hoe and other 1·ototillage equipment was nev.· 
in 1940's and has changed control in weedy nurseries. The 
bt1dding-in-row weeder was later developed to weed carrots 
but does an excellent .iob of weeding and hilling nursery liners 
and even larger stock in weed free sandy soils., Last year this 
conference ,vas introduced by Mr. Asper K. Laursen to ,veed 
control using compressed air. The machine has been used fo1· 
six years in Canada and longer in Europe. More new practi
cal equipment is ,velcome as an alternative to the use of chem
icals. Present advances in mechanical harvesting will likely 
provide new efficient equipment. 

Keep the dosage level within those listed on the label a11d 
be sure that spray equipment is tested by t1·ial runs v.1ith 
water to see that nozzles operate properly and to determine the 
volt1me of sp1·ay discharged per acre and thus avoid over dos
age and irregular spray patterns of herbicides. Spray equipment 
needs thorough cleaning and calibrating. The use of wetting 
agents and similar additives should be confined to cases in 
which they are actually specified. Directions for application 
shot1ld be checked and trial runs made before application 
takes place. 

It has been estimated that 100 million acres of the earths 
surface are treated each year with herbicides in the produc
tion of food and fibre crops so that present concern about pes
ticides is not without some .iustification, hence selection of 
herbicides for nurseries should be limited to those ,vhose fate 
01· breakdown is known. 

Nu1·se1·y Weeds 
Only a few weeds make up ''Nursery Weeds''. A survey 

was conducted by correspondence with nurse1·ymen several 
years ago and repeated last winter with few changes. The 
weed list includes 19 perennial weeds, 7 winter annuals and 16 
8ummer annuals. The American Weed Society lists some 
2700 weeds. 

Pe1·ennial 1veed.c; of nurseries include quackgrass and mug
wort or Artemisia also thistles and bindweeds sowthistle and 
nutsedge. These weeds have stolons or other forms of t111-
cle1·g1·ou11cl stems ,vhich respond to a limited g1·oup of he1·bi-
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cides through ab1101·mal cell divisio11 a11d death of tra11sloca
tion and storage tissue. 

Since plot margins tend to 1·emain clear cut between treat
ed and untreated a1·eas the movement of these herbicides -
within stolon tissue is p1·obably quite limited in compariso11 
to movement of herbicides and othe1· solutes downward through 
the soil itself except fo1· absorption in soils of loamy natu1·e 
or where suitable absorbing agents such as acti,,ated char
coal are introduced. 

Pure stands of mugwo1·t (Artemisia) or of quackgrass 
can be dealt with in regular crop rotation without using herbi
cides btit this is a question of time and cost which the nursery
man has to decide f 01· himself. In any case thoroughness and 
persistance are necessary to achieve good control. 

Winter· a1inuals - germinate in autum11 and include may
,veed 01· stinkweed, mt1stard and yellow rocket, annual blue
g1:ass and chickweed. They all germinate in October and at
tain some true leave,s before winter. Simazine spra:),· 01· 
grant1la1· 5 pou11ds active ingredient or less is effective ac
cording to soil type but at a higher dosage rate than for seed
ling summer weeds. Dichlobenil, Diuron and other herbi
cides are also effective in granular or spray form. C1·ops a1·e 
dormant and seldom in.iured, unless flooded or iced over fo1· 
prolonged periods afte1· the he1·bicide is applied, thus No
vember treatment is perferred. 

Presence of herbicides in moist soil facilitates the entry of 
these chemicals into seeds and etiolated stems so that growth 
patterns are modified in translocation tissue and food 1·e
serves used up before normal foliage developes to support 
g1·0"1th. Normal t1·ue 1·oots of woody plants appear to grow in 
herbicide treated soils ,vithout in.iury from treatments made 
on the soil surface. The extent and depth of the root system 
is important in survival. Dipping liner 1·oots or root ball in 
act.ivated carbon slurry 01· incorporating activated charcoal 
in the plant row before planting may help early growth by 
avoiding herbicide effects, however prope1· fertilization and 
irrigation are imporfant fo1· early vigorous growth. 

Sumnie1· A rlriual W eecls 

Summe1· annual weeds begin to germinate in late May. 
Crabgrass appears shortly after a three to five day period of 
weather in the 70's. Red1·oot-pigweed. lambs quarters, rag
weed, and annual grasses follow quickly. Purslane is a nuis
ance since it will root from cuttings produced by hoeing. Sum
mer annual weeds are best stopped at the time of plantiHg lin
e1·s and other nursery stock in spring. Complete the planting 
by irrigation and late1· after soil is workable but before ,,,eeds 
emerge, use herbicides and incorporate lightly, if this is called 
for, otherwise surface application is usually enough partic11-
larly if the c1·op is i1·1·igated periodical!)'. 
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A11 exte11si ve 1·esea1·ch p1·0.i ect 011 summe1· weed co11t1·ol is 
reported in the 1966 Plant Propagators Proceedings by Ar
thur S. Myhre at Western Washington Research and Exten
sion Center at Puyallup. Rooted cuttings from p1·opagating 
frames were lined out in the sp1·ing in nursery rows; a month 
later the soil was hoed so it is ,veed free. Weed seeds were 
then sown uniformily to insure adeqt1ate and uniform infes
tation. Herbicides were applied by a machine p1·ope1·ly eqitip
ped to provide good agitation of s7Jray materials, accurate 
calibration an.cl aclequate ancl un1:f 01·m cove1·aqe ove1· c1·ov ancl 
soil su1·face except ,vere incorporation of the herbicide ,vas a 
required part of application procedure. The word incorporate 
is vague but usually means ''mix into the soil surface to some
thing less than an inch in depth'' or to slightly above the 
depth to which seeds a1·e planted 01· roots are placed. Myh1·e 
indicates that after herbicide application if rai11 was 11ot im
minent then irrigation was given. Otherwise some herbi
cides tend to volatilize from or become inacti,1e on a wa1·n1 
d1·y surface, then the possibility of effective weed control is 
lost. Myhre repeated his tests for fot1r years then removed 
the plants, rototilled the former plant row and so,ved a test 
plant (oat) to e,,aluate any 1·esidual herbicide effect. No ef
fect was found, and at Ithaca, New York with a similar 5 year 
period of repeated application no clea1· cut response v.ras not
ed with oats. P1·esent plots to which granular N eburo11 was 
applied for five yea1·s still show 1·educed iueed g1·o·wtli and 011 
sandy soil at Ithaca there is some indication of reduced weed 
g1·owth following five ye·ars of Simazine and of Amizine at 
5 pounds active ingredient levels. 

Myhre tested sixty herbicides and of these Simazine, Cas
oron and Herba11 were outstanding. Simazine 80 W was tested 
for nine years and gave good all summer control of annual 
weeds at 2 pounds and 4 pounds per acre. Three azalea varie
ties and boxweed showed discoloration but many evergreens 
did not. ' 

Myhre used the trade fo1·mulation Casoron 50W at rates 
of 8 to 12 pounds ie. the active ingredient Dichlobenil at 4 to 
6 pounds. The tests continued for five years, with the com
ment ''It has a fairly long 1·esidual life and has given good to 
excellent control of summer annual weeds at rates ranging 
from 8 to 12 pounds (Casoron) ''. No plant in.iury was ob
served in azaleas, rhododendrons, Pieris, Viburnum; Osman
thus, and Ilex crenata. 

Herban 80W was also tested and gave good weed control 
tinder mild moist climatic conditions. Treflan was tested i11 
1965 'only, so too, were combinations of Paraquat, a contact 
herbicide of note and used with Simazine and with Casoron 
and applied as a directed sp1·ay i.e. beside but not over c1·op 
plants. 

The cool moist climate of vVester11 Washington is dupli
catecl in the No1·theast clt11·i11g Octobe1· 01· Novembe1· bt1i clecid-
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ous nurse1·y c1·ops a1·e app1·oaching do1·mancy a11d are less 
likely to be in.i u1·ed by he1·bicides. Seeds of winte1· annuals a1·e 
at germination stage and easily in.iu1·ed so that weed cont1·ol 
i11 the plant 1·ow is a 1·eal possibility with the choice of ba1·e 
soil 01· a c1·op cover - oats or ,veeds between the 1·ows fo1· 
,,,inte1· protectio11 a11d snov.1 holding valt1e. 

READ AND USE LABEL INFORMA1'10N 

Label informatio11 i11dicates the pt11·pose fo1· which the 
p1·oduct is intended, example Simazine 80W is for p1·e-en1e1·
gence weed cont1·ol on ce1·tain agricultu1·al c1·ops and specifies 
nt11·se1·ies, Christn1as t1·ee planting and shelte1· belts. 

Directio11s include - for those plants listed belo,v and 
,,,hich have been t1·ansplanted fo1· a year 01· mo1·e use 2 1,f:!-33/1. 
pounds of Simazine 80W in at least 25 gallo11s of water pe1· 
ac1·e ( of acre actually sprayed) in the fall 01· spring p1·io1· to 
weed emergence. Thi1·ty-four species a1·e listed on the label. 
A cautionary note is included in the box: 

(a). Do not use Simazine 80W in seedling 01· cutting beds. 
( b). Transplants for Ch1·istmas T1·ee and shelte1· belts 

should be 3 yea1·s of age. 
( c). Do not apply 80W mo1·e than once a year. 
( d). The lowe1· 1·ate is fo1· sandy soil. 
1'he Sin1azine 80W label also ca1·1·ies a cautio11. Kee1) out 

of 1·each of child1·en. Harmful if swallowed. A void contam
i11ating feed and food stuff. A void inhalation. 

Beyond the cautions on the label is the matte1· of apply
i11g !1e1·bicicles so that thei1· coverage is unifo1·m and at a pre
<lete1·mined 1·ate and patte1·n usually so that the herbicide is 
di1·ectioned f1·om the side to cover the soil band in which the 
c1·op is g1·owing but ,vithout any g1·eater contact with nur
se1·y stock than is necessary. Fall treatment is less critical 
since ,voody plants a1·e do1·mat and hopefully only seedling 
weeds are present. G1·anular formt1ations can usually be 
handled in modified fe1·tilizer spreaders or others of cyclone 
type. 

These statements seem to make weed control ,vith air as 
illust1·ated by Asper K. Laursen of Bowmanville, Canada to 
be a11 idea method with few difficulties. 

' 

Concliision 

Use ste1·ile media fo1· seed and cutting beds. 
Use clean lining out areas f1·ee of perennial weeds. Afte1· 

plants are thoroughly watered and conditions for continued 
g1·owth assured then use mechanical fo1·ms of weed cont1·ol, 
othe1·wise low 1·ates of Simazine or an other herbicide widely 
used in weed cont1·ol in vegetable crops in you1· area. 

In November and afte1· cultivating o'r use of Budding-in-
1·ow weeder use minimum rates of herbicides applied earlier. 

In ea1·ly sp1·ing ,vhile plants are still dormant or near 



lJud break use a contact he1·1Jicide such as Pa1·aquat 01· <:ulti
vate. HopefullJ' no treatment is needed at this time IJut be 
011 the ale1·t fo1· pe1·ennial weeds and for infestations of t111-

suspected annuals. 
This is whe1·e a weed pat1·0! system helps to keep one al

te1·ed to needs befo1·e emergencies arise. 
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C)'l>CI 11s c,c11lc11tt1s L )'Cllo1v 11t1tscclgc 
l)1g1t.111a 1scl1,1em11111 (Scl1c1b) 1\,(11!11 sn1ooth c1·al>g1a,, 
J)1g1tar1a sa11g11111al1s (L) Sccip la1·ge c, .1l>g1 ,,,, 
Ecl111rochloa c1-t1sgall1 (L) J3e,t11v l>a111ya1 <lgra,, 
EtJ111sett1m a1ve11sc L £1elcl ho1sct.11I 
£11gcron ca11,1clcns1s L l101se1vec<l 
£11p/101 b,a esula L leafy sp111·gc 
Gal111~og,1 c1l1,1ta (R,11.) lll,1kc l1a11 y gal111,<>g,t 
(,al,11111 111oll11go L ,11100111 l>Cd,11 ,11v 
C.lccho111a he<lc1·ace,1 L g1<>1111<l ivy 
Ipo111oca sp. 111,,r11111g-glo1 y 
l .actt1ca sc,1110].i L J>t 1ckly lcttt1cc 
La1n1111n a111plex1ca11lc L !1enb1t 3 A 

3 N 
3 A 

W l,ep1d111m campe~t1·e (I,) ll. J\1 field pcppc1-wcc,I 

2 3 A 
'.I N l' 
'.I N P 
3 A 
3 A 
3 A 
3 A 

2 3 P 
2 3 N P 
2 3 N P 

3 A 
2 3 N P 
2 3 N I' 

3 W 
2 3 P 

Oxa)1s ~ll !Ct.I L yellow WOO<l'Ot ,·cl 
l',1111c111n cap1lla1c L w1tchgrass 
l'l,1ntag,, la11ccolata L b11ckl1or11 I>la111,1111 
l'l,111tago ,-11gel11 Dc11c. bl,1cksecd pla11t,1111 
l'oa a1111u,1 L a111111al bl11cg1as,, 
l'olygo1111m av1cula1·c L p1·ost1 ate k11ot wcctl 
l'olygo1111n1 pc11sylva111c11111 L Pcn11sylva111a sn1,111,vccll 
l'ot tt1lac,1 oleracea I, co1nmo11 p111 ,la11c 
Rh11s I a<l1ca11s L po1so11 ivy 
R111ncx acctosella L 1·cd 001-rel 
R11n1cx ct 1spus L curly dock 
Seta11a vir1d1s (L) Bea11v grce11 foxtail 
Solanun1 ca10l111e11se L Caroli11a horsenett/c 
S011cl1us a, ve11s1s L perenn1.il sowthist le 
S1clla11a 1ned1a (L) Cyrill co1nmo11 chickweed 
·raraxac11m off1ci11ale \Veber <la11delio11 
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ADD11'ION • .\.L NURSERY WEEDS 
T1·ansportable B & B, etc. 

•\ l,11 t 1 \011 tl1cupl1r ,1,t1 i\-1 ed,c 
1\egopocl111111 p<>daga11a L 

ve\vcllcaf 
gu11 I ,v-cccl 

1\111,11 ,1111l11,s g1·,1cc1La11; L 
1\111pcl,111111s alb1d11s (Nutt) 
, \ fl(>Cy1111111 Cdll II ll,ll)I II 11111 I, 
\.,,·lcp1,1, ')'' 1ac,1 L 

II I It t 
1>10-tatc p1g,,•cc<I 
clin1bi11g 1111\k 1vcc<I 
I 11cl1a11 l1c111 I' 
con1111011 1111 I k 1vcc.'<I 
clow11y l,1·01nc J\I(llllllS ICCIUl 11111 J, 

C.:,111l,111,1 dt alJ,t (L) 
( :11sc111,1 s1i 
( ,)'t1oclo11 clacl )'l011 
J)a 11c.11s c.11 <>l,t L 

(L) 

l)11cl1cs11ca 111cl1ca (1\11cl1) 
J-lcl1,1111l111; 111l,c1m11s L 
l,eon1,,clo11 a1111111111,1I1, L. 
J,0111cer,1 1apo111ca ·1·111111!1 
l,)'S1111,1cl11,1 1111111n111lar1,1 J, 
l\latr1ca1·1a 111,11r1ca1101,Ies (Le,,) 

l'otlCT . 
l'l1ytolacca a111cr1c,111a L 
l'<>l)·go1111n1 c11,p1dat11111 S1cl> ,111cl 
llc>sa 11111lt1flo1 ,t l'l11111lJ 
ll11IJIIS fr IIIICOS,I L 
R11111cx al11s,111111s \\10<,cl 
.'ic1a11,1 fabc111 He, r111 
Sc1,111a gla11ca (I,) Bea,,,, 
Sorph11111 l1,1lcpc11•c (L) · l'c1, 
Spe1g11la at ,·c11s1s L 
St1·1p,1 ,1s1at1c,1 (I.) 
1·11,1,1,1 ,11·,·c11sc I. 

K111111c 

l1oa1 y c1 cs, 
<loddcr 
Be1·n111cl,1g1 ,1,, 
1v1lcl ca11 ,,t 
l11<l1,111 st1,1,vl,c11 )' 
Jc, 11,,1lc111 a, t1cl1ok,: 
fall l1awkbit 
Japa11esc l1oncy,11tklc 
111011cywo1 t 
I'' 11c,1 Pl' lc1,·cc<l 

' 

pokcwcccl 
Z11cc J ,1pa11csc kno11,•cccl 

11111ltifl1,1 a 1o;c 
wild bl,1cklic11 )' 
pale dock 
giant foxta, I 
ycllo1v foxt,11 l 
Jol111;011gi a,, 
co1·11 sp111 ,.), 
1v1tcl1wccd 
ftclcl pc111t)'C1 c,, 

WEED CONTROL IN NURSERY 
AND LANDSCAPE PLANTINGS - 1966 

' 

L. Impo1·ta.nt weeds 
(a). Stolonife1·ous 

• 111 nu1·sery and 
perennials 
Ag1·op111·01i 1·epens 

or11amental plantings. 

Quackgrass 
Ch1·ysanthemt1n1 

( b). 

A 1·temisia vulga1·is 
weed 
Thistles, bindweed, etc. 

Seedling annual weeds i11 ne\v spring 
1. Sp1·ing 

planti11gs. 

2. Summe1· 

Anw.1·anthus 1·et1·oflexus - Red Root 
ClienOJJoclium album - Lambs- Qua1·te1·s 

Digita1·ia sanguirialis 
Portulaca ole1·acea 

Crabgrass 
Purslane 

3. Late summe1· (a). annuals 
Poa annita - Annual bluegrass 
Stella1·ia media - Annual chickweed 

4. Late summer (b). biennals 
Ba1·ba1·ca vulgaris - Yellow rocket 
Capsella bu1·sa-7Jasto1·is - Shepherds 
purse 
Anthemis cotula Mayweed 
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2. Comn1011 combinatio11s of c1·op and weed populatio11s in 11u1·
sery and 01·namental plantings. 
(a). Heavy stands of the perennial weeds, (1uacl,grass ancl 

artemisia among 2 yea1·s and olde1· woody nursery and 
landscape plantings. 

( b). Stands of pe1·ennial weeds in fall on land to be planted 
to young nu1·se1·y 01· landscape plantings in sp1·ing. 

( c). The 1·apid appea1·ance of seedling ,veeds, annuals, bi
ennials 01· perennials, among ne,v nurse1·y and land
scape plantings with new foliage and yot1ng shoot 
g1·owth. 

(li). The 1·apid appearance of seedling weeds in fall among 
new or established nursery and landscape plantings at 
a time when buds, shoots and foliage is mature but 
seedling weeds are soft and active in gro,vth at ge1·
mination and first leaf stage. 

( e). Fall fe1·tilizing may make seedling ·weeds n101·e st1ccu
lent but is taken up by woody ornamentals and stored 
for rapid new g1·owth in ea1·ly sp1·ing. Fall fertiliz
ing and herbicide applications are compatible and can 
be orde1·ly and efficie11t pa1·ticularly with granular 
f 01·m ulil tio11s. 

( f). Fall fe1·tilizing and he1·bicide use can result in weed 
f1·ee soil th1·ough the spring sales 01· planting period. 
When new weeds appea1· cultural, mechanical 01· chem
ical treatments ca11 be 11sed as appropriate. Mulches 
used over herbicide t1·eatments tend to p1·olong the 
period of weed control. 

WEED CONTROL PROGRAMS 

A.BefrJ·1·e JJlli'rLt·irLg arLcl to f1·ee the soil of weeds by u·rLe rJ'I' ·1r1,1J·1·e 
p1·uceclu1·es. 

1. Crop rotation - fall plow, fit in sp1·ing. 
2. Plow 01· rototill for fall steam sterilization or fumigatio11. 
3. Combine herbicide with fall plowing for quackgrass and 

artemisia control. Use one of the following: 
(a). Use dichlobenil 10 lb. Aia. in fall, plow in sp1·ing. 
(b). Spray with amizine 5 lb. Aia. 10 days before 

plowing. If reg1·owth occurs respray with ami
zine 3 lb. Aia. 10 days before spring soil prepara
ation. 

( c). Use EPTC 10 lb. Aia. in fall, plow and work to 
incorporate in loamy soils; 1·esidual action is 
longer in muck soil. 

B. Ea1·ly SJJ1'ing JJlanting of clo1·marit liriers in 1.veed f1·ee .soil. 
1. Plant liners, add fertilizer and i1·rigate. Treat whe11 

the folia.ge is dry. 
2. When seedling weeds eme1·ge, use granula1·s in the crop row 

as a band or use di1·ectional spray. Cultivate between rows 
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01· t1se ove1·all t1·eatn1ent fo1· a month to 6 weeks of weed free 
growth. Use one of tlie folloiving: 

He1 IJI( i(le 

CJPC 
DCPA 
Dichlobe11il 
Diphen::imid 
Diu1·on 
DNBP 
EPTC 
PCP 
Simazi11e 

1'1·iflt11·ali11 

ll,11c lb A,a 

4-6 
15 

2-4 
1-2 
1-2 

4 
3-5 
10 

2 

1-2 
*~TF - Weed F1·ee period i11 \veeks. 

Note 

4-6 WF'1' 
• va1·1es 

4--8+ WF 
Incorporate, 4-6 WF 
4-8+ WF 
cool day, 4 WF 
I11co1·porate, 4 WF 
4--8 WF 
4-8 weak on crab
g1·aE',ses, etc. 
I11co1·po1·ate, 4-8 WF 

C. C1·01J ·ivith matu1·e basal foliage iri su·m1ne1·; 1veeds less thari 
one incli ,q1·oiv1:ng actively. Use g1·anula1·s on moist soil 
when crop foliage is dry or use directional basal spray (for 
summer annual weeds). Four to eight weeks control un
less cultivated then new weed population is likely to develop. 

I-let b1c1(lc 

Amizine wettable 
powde1· 

Dichlobenil 

Diu1·011 g1·anula1· 

DNBP 
Paraquat 
PCP 

R,tle lb Aia. 

2-3 
2-4 

1-2 

2-4 
2-3 
10 

Note 

::tgitate 
granula1· p1·efe1·1·ed 
Moist soil. 
Su1·face applied 
do not inco1·porate 
4-granular preferred 
4-directional 
6-8 g1·anula1· prefer1·ed 

D. Ji'all seedlirig ·weecls afte1· last cult·ivatiori in fall. Ornamen
tals crops are mature 01· do1·mant; weed growth is young 
and active. Apply herbicides alone 01· with fertilize1· at 
the 1·ate of one ton pe1· acre of 10-10-10; soil to remain 
weed f1·ee till J 11ne or later, i.e. 4-6 months or longer. 

' 

f-le1 bic,dc Rate lb. Aia. Note 

Amizine 3-5 di1·ectional 
CIPC 5-10 g1·anula1· 
Dichlobenil 3-5 granular 
Diuron 2 granular 
DNBP 4-8 g1·anular 
PCP 15-20 granular 
Simazine 5 granular 

These a1·e recommended for use among dormant ,vood)' 
01·namentals and for artemisia, quackg1·ass, etc. cont1·ol in 
low g1·owing eve1·g1·eens used fo1· ground covers. Use as 
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granula1·s. \Voody ,veeds (maple, mt1lbe1·1·y, seedlings, 
etc.) a1·e not controlled. 

E. Special weecls iri 01·rta'l1ierital pla:rit·i11.gs. 
l. Polygori·ii·11i citSJJidatitm - Japa11ese Bamboo. 'l'o1·do11 

g1·anula1· 1-2 lb. Aia. Fall. A void t1se 11ea1· wate1· 
sou1·ces fo1· greenhouse 01· domestic st1pply. Ba11vel
D granula1· 2 lb. Aia. 

2. Rli·us Toxicoclerid1·on - Poison i,,y. An1it1·ole 1-2 lb. Aia. 
Can be used in fall until foliage cl1·ops. Stems spread ~1long 
soil surface under g1·ass and othe1· plants; 1·epeated sp1·ay
ing needed fo1· con1plete e1·adication. Reacl di1·ectiort.<J artcl 
·1va1·1iir1gs. G1·ari·ula'I' fo1·11iulatio1is 7Je1·fe1·1·e(i. 

F. LaridscaJJe ancl n·u1·se1·y ·1nairitenci1ice. 
Quackg1·ass, Ag1·0 py1·on 1·epens, A 1·te·niisia v·ulglL'l"is, a11ti 
other stolonife1·ous weeds a1·e difficult to eliminate. Fall 
application of g1·anula1· dichlobenil at the base of woody 
ornamentals will kill 1·hizomatous grasses and othe1· rhizo
matous he1·baceous vegetation leaving a weed free zone 
that will stay free of new weeds until mid summer, 01· later 
unless cultivated. Use dichlobenil at 5-10 lb. Aia. prefe1·
ably as a gra11ula1· applied f1·om a crank duste1· 01· shaker. 
\Vettable powde1· ca11 be sp1·ayed on, t1se 8-12 lb. Aia. 100 
gallon i.e. 1 lb. active in 50 qua1·ts (121/~ gallon), 110 not 
inco1·porate i.e. do not hoe in. Do 11ot use on Vinca, Hede1·a, 
Euonymus, fi1·, or everg1·een seedling - liners. G1·anular 
herbicides used on clean soil and cove1·ed by a mulch of 
peat or sawdust, etc. inc1·ease the effective ,veed co11t1·ol 
amo11g woody 01·11amentals. 

G. New Plantings. 
Petunias in pots and othe1· 01·11amentals in containe1·s may 
be treated with a slu1·1·y of activated cha1·coal by dipping, 
dusting 01· spraying the 1·oot ball at the time of planting. 
The charcoal serves to absorb ce1·tain herbicides in the soil 
and prevent damage to the 01·namentals. 
Afte1· planting the ca1·eful use of dichlobenil, simazine; 
and likely other he1·bicides as g1·anules among newly plant
ed, cha1·coal t1·eated, 01·namentals will keep plantings weed 
free fo1· 4-12 weeks and also free of residual herbicide ac
tion. The amounts of activated cha1·coal 1·ange f1·om 50 to 
100 lb. per ac1·e. A slu1·ry of 1 lb. to 4 gallons of water to 
1 lb. in 16 gallons of wate1· would be a likely 1·ange or 1 
gi·am/32 cc to 1 gram/130 cc. Keep the slur1·y stirred or 
agitated for satisfacto1·y coverage of st11·face roots on the 
1·oot ball. 
Befo1·e appl.)1 ing he1·bicides, etc: 

1. Check application equipme11t by trial ru11s ove1· a 
measu1·ed a1·ea and collect the amount of spray 01· 
granular discharge so that the actual amount can 
be compared to the recommended amount. 
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2. When applicatio11s a1·e to be made manually meast11·e 
, ot1t the quantities of he1·bicide for the prope1· mix 

and apply the correct volume of herbicide to a lim
ited area fo1· trial and practice purposes i.e. 100 
st1. ft. or 1000 sq. ft. l\1ake at least 3 trial 1·uns be
fo1·e field application. Check fo1· unifo1·m cove1·age, 
at least by i11spection and better by measu1·ing the 
\ 1olume 01· weight of seve1·al samples collected f1·om 
3' x 3', or 5' x 5'. The more uniform the samples 
a1·e the mo1·e likely that unifo1·m results will follow. 
Dange1· of local over dosage is tht1s diminished and 
a familia1·ity with the appea1·ance of cor1·ect dis
t1·ibutio11 is gained before extensive applications 
are made. 

:3. A void ove1· dosa.ge and skips - ove1· dosage dam
ages or/ and kills plants. Inadequate dosage is a 
waste of time and effort. 

4. Reread and 1·echeck 1·ecommendations for prepara
tion, use and disposal of he1·bicides and containers. 
Give due regard to possible contamination of do
mestic and greenhouse wate1· sources. 

P1·epared by, 
A. M. S. Pridham, P1·ofesso1· 
Depa1'tment of Flo1·iculture & 
Ornamental Horticulture 
Cornell University, Ithaca, New Yo1·k 

and 
A1·tht11· Bing, Professo1· 
Co1·nell 01·namentals Research Lab 
Fa1·mingdale, L. I., New York 

MODERATOR COGGESHALL: Thank you very much, Dr. 
P1·idham. Ou1· next speake1· in this afternoon's symposium is 
no strange1· to ot11· Societ.y. I am ve1·y happy to introduce Mr. 
William Flemer. . 

HERBICIDES - Nursery Tool, Not Panacea 
WILLIAM FLEMER, III. 

P1·inceton Nu1·se1·ies 
P1·i1iceton, N eiv J er·sey 

Not so many yea1·s ago, the program chairman of a 11u1·
sery meeting who wanted to give a glimpse of the futu1·e would 
cast about for a speake1· ,vho kne,v anything about he1·bicides. 
After a long sea1·ch, if he was lucky he would locate a college 
professor or extension specialist who had put out some test 
plots and could make some tentative recommendations, well 
hedged with the advice to go slowly. Now most nu1·series use 
herbicides as a matter of routine, and each one has its favo1·
ites as well as some special combinations which particularly 
suit that soil and climate. Expe1·iment stations have files full 
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, ot1t the quantities of he1·bicide for the prope1· mix 

and apply the correct volume of herbicide to a lim
ited area fo1· trial and practice purposes i.e. 100 
st1. ft. or 1000 sq. ft. l\1ake at least 3 trial 1·uns be
fo1·e field application. Check fo1· unifo1·m cove1·age, 
at least by i11spection and better by measu1·ing the 
\ 1olume 01· weight of seve1·al samples collected f1·om 
3' x 3', or 5' x 5'. The more uniform the samples 
a1·e the mo1·e likely that unifo1·m results will follow. 
Dange1· of local over dosage is tht1s diminished and 
a familia1·ity with the appea1·ance of cor1·ect dis
t1·ibutio11 is gained before extensive applications 
are made. 

:3. A void ove1· dosa.ge and skips - ove1· dosage dam
ages or/ and kills plants. Inadequate dosage is a 
waste of time and effort. 

4. Reread and 1·echeck 1·ecommendations for prepara
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Not so many yea1·s ago, the program chairman of a 11u1·
sery meeting who wanted to give a glimpse of the futu1·e would 
cast about for a speake1· ,vho kne,v anything about he1·bicides. 
After a long sea1·ch, if he was lucky he would locate a college 
professor or extension specialist who had put out some test 
plots and could make some tentative recommendations, well 
hedged with the advice to go slowly. Now most nu1·series use 
herbicides as a matter of routine, and each one has its favo1·
ites as well as some special combinations which particularly 
suit that soil and climate. Expe1·iment stations have files full 
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of data, dozens of diffe1·ent he1·bicides a1·e ma11ufactt11·ed on a 
la1·ge scale, and dozens mo1·e are disco,,ered and int1·oduced fo1· 
test pu1·poses each yea1·. 

Despite this g1·eat body of expe1·imental wo1·k and 1·esult
ing info1·mation, the unive1·sal herbicide has yet to be pe1·
fected. Fu1·thermore unde1· the multitt1de of weathe1· com
binations of tempe1·atu1·e a11d 1·ainfall, va1·ying amot111ts of 
c1·op injury occur in nurse1·ies each yea1·. A 11umbe1· of basic 
p1·inciples have eme1·ged howeve1·, and they should always be 
kept clearly in mind whenever herbicides a1·e applied. 

1. All herbicides a1·e _just ,vhat the te1·m means - plant 
kille1·s, not _just weed kille1·s, but lethal to c1·op plants also if 
conditions a1·e not propitious. 

2. He1·bicides wo1·k best of all if one special condition ob
tains - i.e. if the c1·op plant is relatively la1·ge and the weeds 
are as small as possible, pe1·fe1·ably newly germinated from 
the seed. The smaller the c1·op plant is, the weake1· the he1·bi
cide must be and the mo1·e c1·itical the time of application be
comes. The la1·ge1· the c1·op plant is, the st1·onger the he1·bi
cide can be used with impunity and the less critical the time 
of application becomes. 

3. He1·bicide applications a1·e most useft1l and effective 
in a wet yea1·.- ,vhen cultivation is difficult anyhow, a11<l a1·e 
least effective if 11ot a total ,,,aste of money in a d1·outh year 
t1nless ir1·igation can also be applied follo,ving herbicide t1·eat
ment. 

4. Despite publications ,vhich plainly state othe1·,vise, cul
tivation is necessa1·y fo1· optimum g1·owth of 11u1·sery crops in 
the field. Blanket application of he1·bicides covering the en
ti1·e 1·ow a1·ea will not 1·eplace the necessity to cultivate and 
are a considerable waste of material and money. Banded ap
plications of he1·bicides on the area whe1·e the nursery c1·op 
is actually gro~ring and cultivation of the 1·est of the 1·ow area 
,viii give far be,tte1· 1·esults with a saving of o/'1. or mo1·e of the 
mate1·ial costs. 

5. Safe and effective herbicide application is a .iob fo1· an 
experienced specialist who has ca1·efully studied this field and 
who is consistently cautious and careful in all applications. 
The1·e a1·e so many va1·iables such as soil moisture, time of 
yea1·, tempe1·atu1·e, subsequent 1·ainfall, speed of the applying 
device, and 1·ate of application, that this is obviously no _job 
fo1· a dullard 01· a careless man. 

6. A sufficient numbe1· of check 1·ows should be left u11-
t1·eated in each block of stock each year so that if any abnor
mality develops in the crop, it can be easily asce1·tained ,,,heth
e1· the herbicide 01· some othe1· cause was responsible. 

Within the f1·amewo1·k of the obse1·vations above, there is 
110 question that for many nurse1·y c1·ops especially fo1· roses 
and the va1·ious conifers which a1·e very 1·esistant, the devel
opment of he1·bicides has conside1·ably reduced weed control 
costs. They have been less useful for broadleaf everg1·eens, 
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especially young plants. At 1)1·esent it seems doubtft1l if he1·
bicides will find much of a place in seedling beds except for 
treatment long in advance of sowing. Really safe and effec
tive treatment for plants gro-..vn in containers has also yet to 
be developed. It is 1·elati,,ely easy to develop fool-proof herbi
cides and rates of application fo1· standa1·d farm crops g1·ow11 
on enormous acreages s11ch as cotton, soy beans, and corn. The 
problem is vastly more complex fo1· the average nursery with 
its wide dive1·sity of crops, some coniferous, some broadleaf, 
some evergreen, some deciduous, and all at different stages of 
development. The1·e is consequently no single herbicide 01· 
rate of application which can be used ''for nursery crops'' but 
rathe1· many diffe1·ent chemicals have a place at varying 1·ates 
of applicatio11. Some chemicals can be used in combination 
with each other. This sometimes exe1·ts an apparent syner·
gistic effect and superio1· results can be obtained at lowe1· rates 
of applicatio11 tha11 fo1· the same chen1icals used singly. I11 any 
case, accu1·ate records a.nd co11sta11t experimentatio11 should 
be the watch ,vords of any herbicide program. 

Our methods and materials at Princeton a1·e not necessar
ily the best ones for othe1· areas and climates. For example 
Nebu1·on 50% wettable powder has long been the backbone of 
our herbicide program fo1· deciduous shrubs, small trees, and 
conifers. We have had good weed control and minimal i11ju1·
ies with banded applications of this material, not 100 per cent 
weed control, for this is a condition we studiously avoid. How
ever other workers have repo1·ted poor to no weed control with 
Neburon and the manufacturer has recently stopped making 
it. Apparently we were the only large user left and the volume 
sold was insufficient to merit continued manufacture. 

The conclusion of this talk summarizes the herbicides we 
use for the crops we grow, with rates of application and ma
terials costs per acre. I have purposely not given labor of ap
plication costs per acre, as these can vary so widely depending 
upon the equipment used. Such equipment can be the ma11 
,valking down the rows with a cyclone seeder (and invariably 
with a fixed lunatic smile on his face) usually shown in nur
sery herbicide advertisements. Or it can be a multiple-row 
sprayer with a boom of nozzles spraying 4 01· more ro-..vs at a 
time. The 1·esultant va1·iation in costs of application are ob-

• 
VIOUS. 

At the present time, we are using Chloro LPC as a post 
planting treatment for newly set out deciduous shrubs, coni
fers, and budding understock. In banded applications of 5 'Y,, 
granules at an active ingredient rate of 8 lbs. per ac1·e, C.I.P.C. 
costs $12.00 per acre for material. Our present applicator 
treats only one row at a time and we are working on a multi
ple 1·ow device. 

For all treatments of co11iferous everg1·eens planted the 
previous spring and in subsequent years, we are again using 
Simazine 80 '1,J wettable powder. Howeve1· we 11se ve1·y low 
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1·ates of applicatio11, only two lbs. active i11g1·edient pe1· ac1·e 
in bands, and the cost is low too at $2.50 per acre for material. 
Here we can use a 3 row sprayer boom and labor costs are rea
sonable. We think we see some yellowing of Mugho Pine and 
possibly White Pine from this treatment, but this needs ve1·i
fication. After a small scale disaste1· with some newl:}r plant
ed Taxus many years ago, we lea1·ned not to t1se Simazine in 
that situation. Check rows clearly showed what the trouble 
was. 

We have tried out a fai1· acreage with Casoron 5 o/,) gran
ules. On the basis of present findings, the results ha,re not 
been better than some other mate1·ials. In 4 foot rows band-

• 

ed at 8 lbs. actual ingredient per acre, the cost is very high at 
$26.00 per acre. Ft1ll coverage of the 1·0,vs as a substitt1te fo1· 
cultivation would be 4 times higher. 

Diuron 80 '/rJ wettable powder at 2 lbs. Actual Ing1·edie11i 
pe1· acre, and Simazine at the same formulatio11 and 1·ate, i11 
banded rows find a use in majo1· and mino1· tree c1·ops. The 
cost of materials for 4 foot rows is approximately equal fo1· 
both at $2.50 per acre for materials. Residual effect is good. 
Late fall or winter applications are made in combination ,vith 
liquid Dinitro (Dow Premerge) at 3 gallons per acre in bands. 
This very useful additive burns off the 1·osettes of winter an
nuals and such deep rooted weeds as dock. It is not supposecl 
to have any residual effect, bt1t we have fou11d that it does, es
pecially in a very early spring application. 

Dinitro must be used ,,,ith great ca1·e in the sp1·i11g. We 
have had some sad expe1·iences in the past when wet weathe1· 
delayed a.pplication until after the· crop plant buds had broken 
dormancy. The buds must be truly ''hard'' dormant. Such 
''open'' or some ,,,hat leafy buds as a1·e found in Vibu1·num 
prunifolium, lentago, and cassinoides do not tolerate Dinit1·0. 

Large1· trees in wide rows are very tolerant of herbicides. 
Such crops are ideal from the herbicidal point of vie,v, for 
here you have very large resistant crop plants which will 
stand almost any herbicide lethal to young weeds. Many years 
ago we were a.dvised to sp1·ay st1ch large trees with Sodium 
arsenite. This treatment surely controlled all weeds but it 
also burned the bark off of the trees and our losses in Red and 
Scarlet Oaks were phenominal. The whole painful experience 
taught us to take absolutely no recommendations without ex
tensive small scale trials. The expert who advised us is no,v in 
another line of work, as you might guess. 

We have not yet found a treatment which will kill ot1t 
Chrysanthemum weed established in most 11ursery crops. 
Clearing the land of nursery stock and cover cropping with 
repeated very deep plowing is perhaps costly, but it is still the 
way to eradicate this weed rather than merely suppress it, at 
least under our conditions. Simila1·ly, a field must be cleared 
completely prior to any really effective attack on bindweed 
and Canada Thistle. Nothing we have tried has had mt1ch 
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effect on Nut Grass. Perhaps somebody will give the answe1· 
during or after this symposium. 

In summary, I must reiterate that herbicides are a useful 
tool but not yet a panacea. Skill, experience and extensive 
knowledge of the sub.1ect plus a ca1~eful and orde1·ly mind a1·e 
p1·erequisites for success. 

JOERG LEISS: Wbat concentration of Dinitro did you use? 
BILL FE MER: We used three gallons per acre diluted in 

water, in four foot 1·ows, banded application and costs $4.00 
per acre. In eight foot rows, that is with big trees, the cost is 
$2.00 per acre. That is fo1· mate1·ials onl)', I don't have the 
applicatio11 costs. _ 

JIM WELL: How do yot1 band granula1· ma.te1·ial? 
BILI, FLEMER: It is an applicato1· with a little hoppe1· 

with two big wooden wheels which straddle the row. It's pull
ed by a Farmall tractor. The big solid wood wheels which are 
made of plywood prevent the granules from spreading out 
particula1·ly on a windy da)'. The wheels are 12 inches apart, 
with the hopper in between. The mate1·ial falls from the hop
per in between the wheels and just bands a 12 inch strip where 
the plants are. We have also used a little rubber flap that 
snaps the foliage, and knocks the granules off. It's a very sim
ple device, commercially available. 

RALPH SHUGERT: When do you apply Caso1·011? 
BILL FLEMER: We apply at varying times. We applied 

some Jul)' 1st, some on August 15th, a11d we've also made fall 
applications. 

RALPH SHUGERT: The only reason I mentioned this is 
because the Casoron representatives are recommending late, 
late fall applications. Apparently in the Midwest and Plains 
area there has been a slight bit of trouble in late spring and 
summer application. 

BILL FLEMER: Yes, you have to be very careft1l about the 
rate when you put on summer applicationsR. 

VOICE: Have you used Treflan? 
BILL FLEMER: We have used Treflan with mediocre re

sults. We had some c1·op in.iury and spotty weed control. It 
may be due to the dry summers we have been having. 

JIM ILGENFRITZ: Do you have any in.iury on Euonymous 
when you use simazine? 

BILL FLEMER: Yes, we do. Marginal yellowing, tremend
ous slow down in growth and we don't use simazine on any 
Euonymous, not even on E. elata. 

KNOX HENRY: My experiences with Treflan has not 
been identical with those of other nurseries. We had several 
tests plots going from ½ the recommended rate to up to 10 
times the recommended rate. In no case could we find any 
conclusive results to prove that it was of any real commercial 
valt1e. We we1·e very disappoi11ted. 
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FRIDAY MORNING SESSION 

December 9, 1966 

The sessio11 convened at 9 :00 a.m. in the Colonial Room 
Viking Hotel. 

STU NELSON : To act as mode1·ato1· fo1· this mo1·ning we 
have Dr. Jacob Ti11ga who ,viii also give the first paper. 

BACKGROUND INFORMATION ON OVERWINTERING 
J. H. TINGA 

11 i1·,qinia Polytechnic lrtst'tt,ute 
B lacksbitr,q, V't1·ginia 

This is a b1·oad sub,ject touching many aspects of the plant 
g1·owing business, but gene1·ally we can say we are conce1·ned 
with the effect of low temperature on woody plants. Also, 
sun and wind have bad effects. 

This effect is different for dif f e1·ent years. I hear the old 
timers talk about the near famine winter of 1898 and the bad 
influenza and deep snow of 1917. , Many here remember that 
all Baldwin apple t1·ees froze in New Y 01·k State in 1935. We 
are still 1·ecovering from the wind and ice of 1963. 

The effect is different for different 11ionths. Most 1·ecent 
for me was May 6, 1966, when a 24 degree night took all the 
new growth f1·om boxwood and Taxus. Tulip Tree and White 
Oak were defoliated in the forest. This damage was associated 
with the tender stage of g1·owth of the plants. We call this a 
late sp1·ing frost. Then the1·e was the early fall frost of Octo
ber 7, 1965, with the same d1·amatic 1·esults. In addition, I 
1·emembe1· the 60 mile wind and minus ten F. temperature of 
Februa1·y 1, 1966. 

So far, with all our billions of dollars and ingenious space 
study, we have not yet approached ,veather control in any 
large scale. Check with the Nava.io rain dancers and snake 
handlers and woolly bears for the latest unr·eliable informa
tion on weathe1· predictions. 

Most of us are gullible enough to think and hope for a 
nice average winter, but that is because we do not take se1·i
ously the ha1·d lesson of the histo1·y of weather. Will it be av
erage or the worst possible winter? 

Then take our nursery production practices. Tende1· 
varieties are moving no1·th. Ku1·ume azaleas are being sold 
at least one hardiness zone north of their a1·ea of good growth 
ove1· the 30 yea1· scale. Ga1·denias and C1·epe Myrtles and 
Rhododend1·ons and Jap Holly a1·e pushing against the north 
,vall of thei1· confined a1·ea, and you a1·e helping them push to 
the northern market. • 

Then, wo1·st or best, acco1·ding to you1· point of view, is 
container production. It is possible to mass produce and 
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market excellent plants in cans up to that exceptional day 
when the south side of the can gets too hot and half the 1·oots 
die 01· the north side of the exposed 1·oot system get too cold 
and half the 1·oots die 01· the top suffers from a common 
malady called winter d1·ought and the exposed lea,,es b111·n or 
d1·y. 

The1·e a1·e seve1·al lea1·11ed J)ape1·s on hov.' wet a11d ae1·ated 
a woody plant soil should be and how much nitrogen. J)hos
phate, and potash a containe1· grown 1·oot should be exposed 
to; but what is the condition in you1· field on December 9, 
1966. Management sometimes finds it economically impossi
ble to apply near optimum conditions to 1·ooted cuttings or 
lining out stock. We know bette1· than ,ve clo. 

And I hear 1·umo1·s that some of you have had t1·ouble 
,vith herbicides on small plants in the field or in containe1·s. 
On the fi1·st day of May it may look like winte1· inju1·y, but 
close examination may show that the shallow woody plant 
1·oots v.rere caused to be non-functional along with shallow 
chick weed roots. 

Does the propagato1· have ,vinter p1·oblems. Yes. What 
can he do? Consider all the facts and realize that the plant 
g1·owing wo1·ld is 1iot a c0nt1·olled environment. The1·efore, 
slia1·e the 1·isk. Sha1·e one year's 1·isk with anothe1· by holding 
back some liquid assets (money in the bank). Share the 1·isk 
on plant species. Don't get ''ove1· your head'' in tende1· azalea 
varieties. Sha1·e the 1·isk of containe1· g1·own plants by modi
fying the temperatu1·e extreme that you might expect. This is 
the insu1·a1ice p1·inciple. We have life insu1·ance and fi1·e in
surance. Why not have winter in.1ury to woody plant insur
ance? The 1·isk is g1·eat, so the premium is high fo1· garden
-ias and Camellias in Connecticut. Now we are down to the 
level of talking about 1·easonable self-·insu1·ance costs fo1· 1·ea
so11able risks. 

In ou1· wo1·k we 1·outinely modify the ai1· temperat111·e 
over a Py1·acantha 01· Chinese Holly in one gallon cans fo1· 8 
cents per sq. ft. a season. When it is zero outside, it is 20 de
grees inside of ou1· winte1· protection shelter. When it is 15 
degrees outside, our gardenia in 3 gallon cans under the shel
ter may be 25 inside the leaf. This changes a ha1·d winter into 
a mild winter with no heat bill. 

The cost of building a safe, inexpensive st1·ucture is the 
insurance premium you pay for g1·owing plants in a 1·eason
able 1·isk situation in winte1·. 

If the same st1·ucture ca11 be used for summe1· propaga
tio11 (,vhich ou1·s is) the winte1· insu1·ance may be cut in half. 

Let us look at some of these structu,·es and some effects 
on tempe1·atu1·e and moistu1·e. In a plastic covered structure 
we have dew almost every night, a sign of high h11midity. 
Nonetheless, we find it advisable to water plants at least once 
a month. We can do this with our mist line which is drained 
afte1· every winte1· use. 

236 



Let me give you a few results of the way plants respond
ed to these various structures. In our heavily shaded struc
tures we are getting short da.y effects. With 75% shade at 
noon, the sun goes down earlier - or so the plant thinks. 
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lie,- vo1111l<ir1a. I g c. 10'' 
L;1ge1·st1uem1a I 11d1ca, I g c, 18'' 
L1g11str11m l11cid11m, B & B, 24•• 
Osmanthus fort11ne1, I g c, 24'' 
Pr11n11s la11roce1 as11s, Schipka, B & B, 30'' 
l'yraca11tl1a cocc111ea g1 aber1 ~ g c, 3o'' 
l'y1 aca11tl1a cocc111ea, Lala11cl1. 3 g c 

36'' 
l'yr;1ca11thd f1·u1l ,1111 goocl <>II 
·\p11I I. <>11ly 1111<le1 •\ fra111e 

22'70 (<le,1cl ll))S) 
Oo/,, (clead to soi I) 

38% 
30o/o 
47% 

Oo/,, (<le,1<1 t,, ,<,1I) 
c,n;,, <lcf,,l1;11e,l 

MODERATOR TINGA: I hope I have successft1lly i11troduc
ed the sub.iect of overwintering for now we will have some 
experts who are going to give us the latest information. The 
fi1·st p1·ese11tatio11 ,viii be by Richard Vanderbilt. 

A LOW COST OVERWINTERING STRUCTURE 
RICHARD T. VANDERBILT 

The Cort1·acl-Pyle Conipciny 
West G1·ove, Pe1insylvania 

The structure is a 14' span polyethylene covered quo11-
set house. The cost is about twelve cents a square foot i11 
place and covered. We use it fo1· winter p1·otection of contain
er grown material and to replace cold frames. 

This st1·ucture evolved i11to a quo11set house quite acci
dentally. We had considered, and to some extent, used the type 
of structures long since made famous by Bill Cunningham. 
Bill's designs are excellent and their only drawback is cost; 
about 50 to 60 cents a square foot. This cost can be sizeable 
when you need houses in multiples of miles. We have fot11· 
miles of the 14' houses up at present. 

Up until three years ago we were using concrete reinforc
ing wire to support the polyethylene above our cans. It is a 
material that did do the job after a fashion. It is almost im
possible to work around once put in place. Watering is very 
difficult. Pulling plants is impossible without tunneling i11 
from the ends. Covering is a problem because of the many 
sharp edges that seem to al,vays tear the polyethylene unless 
laboriously wrappe•cl with burlap. To insure against collaps
ing, we have to use a center stake about every 4 feet. Finall}' 
when the time comes to remove the polyethylene, the ,vhole 
unwieldy mess has to be picked up, carried out and stored 
some place. 

Our first step to get away from this nightmare was to 
simply take a 10' piece of 1/1." E.M.T. thin wall electrical con
duit and bend it so it spanned six feet. The ends were drill
ed 4'' up, a nail inserted and bent over to act as a stop. We used 
a spacing of 5' between hoops. They were then covered with 
12' wide polyethylene and the sides held down with soil. This 
worked beautifully. The hoops could remain- in place summe1· 
and wi11te1· withot1t interfering with ct1ltt11·al ope1·ations a11cl 
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the pulling of plants. Incide11tally, these things can stand a 
seemingly unlimited amount of snow. 

It was not without problems, howeve1·. Checking of plants 
was still a dirty, disagreeable .iob of pulling up polyethylene 
and sticking your head in. Wate1·ing while covered was not 
possible, but this seemed the best ,ve could do at the time. 

Soon we we1·e forced to make a hasty move to a gully
ridden field next to a pone! with a marvelous spring. because 
of a lack of ,vater in ou1· original container area. We we1·e 
at least not cramped for space. We laid out our beds so that 
between each set of 51/2 ' beds and 3' aisle we had a 12' road. 
This ,vas a direct imitation of Jack Hill's layout. It has ,vork
ed out ve1·y well fo1· all the operations that go 011 in the a1·ea. 

We had plan11ed to cover each of these 51/i' beds with the 
hoops that I had described earlie1·. It "'as at this time that I 
was struck with the idea of cove1·i11g the two beds and the 
aisle with a single hoop. 

We took two pieces of conduit and bent them to span the 
14' bed area. This cost no mo1·e than 2 single hoops and in
cluded an enclosed 3' walk. Hoops we1·e again placed on the 
same 5' centers. 

Our original 14' hoop was made of ¾'' E.M.T. thin wall 
electrical conduit. This 0/ 1." pipe was adequate so long as the 
snow loads we1·e eqt1al on both sides of the house. Last Win
ter we had drifts of 8 to 10' over the houses. Where the 8 to 10' 
drift was one sided it had the distressing tendency to collapse 
the house! A 2 x 3'' center post hinged on a wire ove1· every 
third hoop prevented this. We a1·e no,v t1sing 1'' E.M.T. thin 
wall electrical conduit, which is 88 7,J stro11ge1· than the ¾.". 
This makes the cente1· post no longer necessary. In no case 
has polyethylene faile.d at 5' hoop centers due to snow load. 

We bend 10' sections of conduit . into the desired curve 
using an electric pipe bender. We then insert a ¾. x 21/--!'' 
nipple into one section and hamme1· another section onto it. 
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Le11gth of the houses a1·e at this poi11t as 1011g as ,ve ca11 
make them. At first ,ve figu1·ed making them 86' long so 
100' of polyethylene would cover the top and two gables. Now 
we use continuous co,,erage overlaping the polyethylene 3 
hoops. Our longest houses at p1·esent are 980'. This simpli
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other side is pulled tight and then nailed ,vith another 1'' x 2'' 
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to such a degree that the1·e is no noise from polyethyle11e 
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Another nail is then bent over the head of the first nail to 
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fished over with a line from one side. This is done so that 
each hoop has a lacing fastened at its bottom. Since it is 011 
a diagonal, the centers of the lacings form an X betwee11 
each hoop. 

Ten men are able to cover and secure 2,000 linial feet of 
quonset a day, or 28,000 sq. ft. of ground covered. Labor cost 
for covering is under half a cent a sq. ft. 

The quonset is the only shape, I know, that fully exploits 
the fact that polyethylene is a plastic material. In othe1· wo1·ds, 
the stuff bends! 1\ f1·ames, trussed 1\ framed roofs all are 
designed for a rigid material. To put polyethylene on any of 
these shapes requires that much nailing down be done 011 1·af
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Costs per 14' x 5' Sections are: 
MATERI,ALS 
Poly - 60' x 18'' = 90 sq. ft. - 2 mil. clear @ 

per 1,000 sq. ft. (For Str·aping) 
Poly - 24' x 5' 120 sq. ft. 4 mil. white @ 

per 1,000 sq. ft. 
2 pieces l'' E.M.T. thin wall elect1·ical conduit 
1 :¼'1." x 21/2'' nipple 
1 Weld 
2 pieces ll/4'' x 4' water pipe fo1· stakes 
2 pieces 1 l/4'' pipe straps 
1 piece 1'' pipe strap 

• 

$3.00 
.27 

$7.00 
.84 

1.82 
.063 
.20 

1.50 
.06 
.02 
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1 piece l'' x 4'' cy1)ress pu1·li11 
2 pieces 1'' x 6'' cyp1·ess bottom boa1·d 
2 pieces 1'' x 2'' cypress lath @ 3c 
Nails 

.23 

.70 

.30 

.20 

$6.20 
$6.20 fo1· 14' x 5' = 70 sq. ft. 01·: $.088 a sq. ft. 

COST OF GABLES 
In addition, each house requires 2 gable 
ing which must be figured into the cost. 
the cheaper per sq. ft. for gables. 

2 pieces 1'' x 6'' x 8' 
1 piece l'' x 6'' x 14' 
1 piece l'' x 6'' x 3' 
2 - 1'' pip,e straps 
Wind b1·aces - 2 pieces 1'' x 6'' x 14' 
4 pipe straps - 1'' 
2 pit)e st1·aps - 11/1!' 

ends and wind b1·ac
The longer the house 

Sl.12 
• 

.98 

.21 

.04 
1.96 

.08 

.06 
-

S4.45 x 2 = $8.90 
C(>sl pct S(I t t 
gt (>1111<! co,,et e<I 

100' house add: $.0063 per sq. ft. for cost of gables 
and ,vind b1·acing: $.0063 

Conard-Pyle Const1·t1ctio11 Lal)or: .023 
Covering laho1·: .005 
lVIaterials: .088 

Total : $.1223 sq. ft. 

KNOX HENRY: How is the heat built up in your plastic 
house? 

DICK VANDERBILT: We use white polyethylene and it 
seems the highest )'OU go is 15° F. above the outside tempera
ture at any time. The material will remain perfectly dorma11t 
right until May. 

VOICE: What is the thickness of the polyethylene? 
DICK VANDERBILT: It is 4 mil. I would like to add one 

thing here. We are in the midst of putting in some Panama 
canals. Down the center aisle of the houses we un1·oll polyethy
lene, the cans hold it up on the edges, and we fill these things 
up with water. The water is not heated but as it cools the 
water 1·eleases 1 calorie of heat per gram of water per degree 
drop centrigrade until it reaches freezing at which time 1 gram 
of water releases 86 calories of heat. So you have a lot work
ing for you for nothing. Last year we had four of those 86 
foot houses and we put in 700 gallons of ,vater. We had a po
tential of freezing of 700,000 B.T.U. In some cases where 
tender material was hurt, in the houses with the water, not 
only were the same type of plants alive but roots were grow
i11g 6 - 7 inches ottt of the bottom of the ca11. I11 the sp1·i11g · 
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time you get the reverse effect. It takes 86 calories per gram 
of water to melt the ice. So you have a cold storage. 

PETE VERMEULEN: Do you have any proble,m with the 
breakdown of the white plastic? 

DICK VANDERBII,T: We are the asbolute experts i11 the 
whole world on white polyethylene. The stuff is horrible. It 
doesn't break down, Pete, but when they put in the pigment 
nobody can predict what it will do. Last year the quality 
control was horrible. This yea1· the quality is good, 

MODERATOR TINGA: Next we have outdoor overwinter
ing structt1res by Mr. Paul Bosley, which \\'ill be presented 1)y 
his son, Richard. 

THE LESS ELABORATE POLYETHYLENE STRUCTURE 
FOR WINTER PROTECTION 

PAUL BOSLEY, SR. 
Bosley Nu1·se1·ies 

M en.to1·, OhirJ 

Container grown material constitutes a ma.ior portio11 of 
our nursery growing; and as a result, our methods of protect
ing plant material was originally built around our need to pro
tect these particular plants. 

We have been using polyethylene almost since the begin
ning of polyethylene, and many of our methods are a continu
ing evolution or refinement of what we have done previously. 
However, the basic principle of polyethylene has not changed. 
It is a flexible covering that will allow the passing of gases 
but will not allow the pa.ssing of moisture through itself. It 
took us a number _of years to realize some of the basic advan
tages of this method. For example, we know that many of the 
Evergreen Azaleas and Rhododendrons will lose their bloom 
buds when the, temperature drops to around to 10 below zero; 
and yet when temperatures dropped to 25 degrees below 
zero, Azaleas · underneath polyethylene protection, did not 
have their bloom buds damaged in the slightest. We know that 
there is a relationship between the damaging effects of low 
temperatures with and without wind, and we have come to 
the conclusion that the loss of the_ plant's cell moisture is a 
more damaging condition than mere low temperatures as such. 
We again come to the principle that polyethylene does not al
low moisture to pass through its walls. 

We have u~,ed many devices to attain results. The orig
inal and probably the simplest protective method is illustrat
ed by this picture. You will see where concrete blocks are 
set on end and 2x4's are placed on top of them and the whole 
arrangement made so that a standard 4 foot roll of snow fenc
ing will span either a bed or a group of containers. The snow 
fencing serves a double purpose. It immediately gives 50 pe1· 
cent sha<le dt1ring the winter time when there are periods of 
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bright sun. It also affords n1echanical st1pport of the polye
thylene which covers it. An arrangement of this sort requires 
a 10-foot wide piece of polyethylene to lay 10 inches on the 
ground and to come up ove·r and lay 10 inches in the ground 
on the other side. We cover the portion that lays on the 
ground with either soil or grave,!. Here is an additional sug
gestion gained from experience; namely, to throw a shovel 
of g1·avel on top of the polyethylene about every six or seven 
feet. This will entirely stop the ballooning effect that would 
otherwise occur dttring high winds and the te,ndancy to come 
loose at the sides. The ends a1·e completely folded in and cov
ered with gravel so that the entire area is sealed, and the bed 
or containers will eme1·ge in the spring with the same mois
tt1re they ,vent into the wi11ter with. 

This year, for the first time, we a1·e using altogether the 
11ew ,vhite, and I mean white, not clear, polyethylene. This is 
sometimes known as highwa:i' film, and we have the 1·oad 
building people to thank because their wide use of this new
material has made it possible for the nursery industry to have 
it. Whatever light comes through the white, plastic is soft 
and diffused. We ope,n the sides of these protective beds 
early in the sp1·ing; and as soon as possible, entirely remove 
the polyethylene but leave the snow fencing on for some
what longer period. 

It is a known fact that the intense ultra-violet light of the 
June, July, and Augt1st sun completely destroys the usefttlness 
of polyethylene, but by removing it early, it is possible to get 
as many as four years use out of the same material. As a safe
ty factor, we dottble the old polyethylene the second, third, 
and fourth years. At this point, we do not know how many 
years use, if any, ad(litional can be gotten out of the new, 
v,,hite polyethylene. 

Based on a 5-yeai· use of snow fencing, 2x4's and cement 
blocks togethe1· with a single yea1·s use of polyethylene, we 
have figured the material cost of covering by this method to 
be 4 8/10 cents per squa1·e foot. I might also mention that 
once we have closed these, units, they are not opened for any 
reason until s;pring. 

Some growers have chosen to bend highway reinforcing 
mesh into a quonset shape and cover ,vith polyethylene, but 
the results are disasterous if one should fail to ventilate on a 
day in January or February that becomes suddenly bright. We 
have had a 100 per cent loss on an experimental plot that waR 
so constructed. 

The next structure that we experimented with and have 
found most useful is a so-called A-frame, house, which is illus
trated here. This structt1re is built in rather small sections 
which are bolted together at the ridge and then bolted togeth
er in units to make any length house desired. I have had the 
plans and bill of material for this house written up and print
ed so that each of you may have 011e to take home. The ,voocl 
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members, especially the parts at the base a1·e all treated with 
copper napthenate ( cuprinol) and as you all know, copper 
napthe,nate extends the life of any wood at least five times. 
This house can be easily disassembled and re-erected at any 
other location. We use this pa1·ticular structure to over-wi11-
ter balled and burlapped material for our spring orders. The 
plants are double and sometime·s triple decked; and we 
have found everything in the line of broad leafed evergreens 
kept in perfect condition with the exception of Pie1·is Japon
ica. We may yet find out what we did wrong with this plant. 
The south half of this house can either be covered ,vith white 
polyethylene or perhaps black polyethylene or clear pol}·ethy
lene that has bee11 sprayed with paint. 

The advantages of this st1·ucture are many. Any hamn1e1· 
and saw mechanic can build one. The end doors are co11-
structed to a dimension that will allow a tractor to go into 
it. It can easily be heated, and adapts itself to double lining. 
Furthermore, it can be used for the overflow of spring an-
11t1als and for a sales building as well. 

Mentor, Ohio, lays in a snow belt along the south shore 
of Lake Erie, and much of our thinking has to take this into 
consideration. A rounded or quonset type structure will shed its 
snow load. We, have designed a simplified quonset structure which 
is now very economical. As a matter of fact, the cost of this 
new quonset structu1·e is identical with the cement block and 
sno,v fence structure we started with originally. We bend 
:!".t. inch thin wall conduit over a home-made form. You will 
note from the picture, that the form is a series of wood blocks 
bolted onto a board in an arc, which if continued would make 
a perfect circle. I should mention that the arc is less tha11 a 
perfect circle; but ,vhen the conduit springs back, it assumes 
the shape of a perfect circle. These two pictures will give 
you an idea of how we do this part of the _job. We cut one 
inch iron pipe into 15-inch lengths, and drive them into the 
ground within 2-inches of the surface. Two lengths of con
duit are fastened together with a scre·w type of steel conduit 
connector, as shown by the illustration. Three-quarter inch 
conduits will slip inside of a one inch pipe, and ,ve soon have 
a structure that looks like this picture. You will notice that 
v.•e use a one by three strip of wood down the ridge to tie the 
whole structure together. In addition, we wire the four end 
units in an x fashion to attain almost absolute rigidity. The 
accompanying illust1·ation tries to illustrate this, and you will 
notice the handkerchief that is placed where the two ,vires 
cross. This structure will take a 24 foot width of white poly
ethylene, and will allow approximately t,vo feet to lay on the 
ground to be covered with sand, dirt, or gravel. 

Inasn1uch as we are using the white polyethylene, ,ve do 
not fall into the pitfall of previous structures and get a big 
build up of heat. Various methods may be used to cloi;;e the 
e11ps and 011e method ca11 be as simple as allowing ~11ot1gh 
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polyethyle11e 011 the e11d to gathe1· it all togethe1· and tie it i11 
a bunch as if it had a11 old-fashioned puckering st1·ing. 

Still a fou1·th method which in itself is very simple, is 
shown by the next illust1·ation ,vhe1·e tall containe1· gro,vn 
mate1·ial is laid 011 its side a11d then stacked tip t,vo 01· three 
high like a double 01· t1·iple stacked 1·ow of ba1·1·els and tl1en 
cove1·ed ,vith polyethyle11e. 

A va1·iation of this a1·1·angement is to lay two 1·ows of 
n1ate1·ial do,,,n ,,,ith the tops heading to,vard each othe1· and 
ove1·lappi11g. Do,vn th1·ough the cente1· we put a 2x4, sup
po1·ted occasio11all.)1 by up ended conc1·ete blocks. This fo1·ms a 
1·idge pole and polyethylene is draped ove1· both 1·ows of co11-
taine1·s as shown by the picture which I feel illustrated them 
,,e1·y clea1·ly. 

The last wo1·d has neve1· bee11 said on these methods, and 
I am sure that many of you will copy what we have done and 
vastly imp1·ove upon ou1· methods. F1·ankl.)1 • ,ve kno,v right 
now some changes that we ou1·selves will make next yea1·. I 
would app1·eciate knowing some of you1· ideas. Thank .)'Oll all. 

CASE HOOGENDOORN: Do you wate1· that balled and bur
lapped mate1·ial? 

DICK BOSLEY: In the '' A'' frame st1·uctu1·e ,ve do ven
tilate and wheneve1· you ventilate you have to wate1·. On the 
!lex oppaca in the large containe1·s that we1·e laid over, no, 
we don't wate1·. We make su1·e they a1·e tho1·oughly wate1·ed 
befo1·e they are cove1·ed. 

MODERATOR TINGA: Ot11· 11ext speake1· is Andrew Adams, 

''OVERWINTERING AZALEAS IN TEMPERATURE-CONTROLLED 
PLASTIC GREENHOUSES'' 

ANDREW N. ADAMS. JR. 
Tc1l Oafcs Nil1·se1·y & Ga1·clerlS, J·rlc., 

Cla1·ksville, M a1·ylancl 

It became apparent to us back in 1955, if "'e we1·e to co11-
ti11ue in the Azalea business we would have to find some means 
of p1·otecting ou1· plants better in 01·der to have saleable plants 
in the early sp1·ing with good foliage and buds. 

Polyethylene plastic was just coming into the pictu1·e 
a1·ound this period so we constructed a small house ( 12'x96') 
by bending some old elect1·ical conduit into a half circle and 
cove1·ing with some conc1·ete mesh wi1·e 6''x6'', thus making a 
(Juonset type of house. We installed a small exhaust fan in 
one e11d and several louve1·s in the opposite end, plus a cot1ple 
of p1·opa11e gas heaters used for cu1·ing tobacco in the South
land. The idea was to keep the plants just above f1·eezing, 
with plenty of air to prevent leaf drop. The following sp1·ing 
the results were so g1·atifying, plus the fact the Azaleas were 
gone in no time, that we decided to expand this idea. 

We const1·ucted 12 gutter-connected houses with a truss 
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type 1·oof design of l/:! pitch fo1· quick s11ow removal. These 
houses a1·e each 23'x96'; holding app1·oximately 15,000 4'' 
Azaleas. Each house has a 42'' two speed exhaust fan in one 
end. The opposite end of the house has a door 3'x7' and two 
~x3' louve1·s. In each end of these houses ,ve have sus.pended, 
f1·om the 1·afters, a 75,000 BTU unit heate1· fi1·ed by propane 
gas. Both fans and heate,rs are thermostatically controlled with 
heate1· the1·mostars set at 40° F and fan thermostats set on 
50°F in the winter. When the weather warms up above 
f1·eezing outside, the fans 1·un continually. Also, we have 
found through experience that if our heater fans 1·un con
tinually it keeps the ai1· circulating in ou1· house eliminating 
stagnant conditions which occur under poly in the winter. 

As can be seen by the slides I ,vill show, we have one 
double decker bench. 4' wide and 5' high, down the cente1· of 
each house ove1· our g1·ound beds. Next year's c1·op of Azaleas 
a1·e potted up during the ,vinter and placed in these deck 
benches. This wo1·ks ve1·y ,veil and keeps the pe1· unit cost 
down. These plants, being next to the heat and light, 1·eally 
sta1·t to hop in Marcl1. 

Saran shade cloth, 40 'I<, shade, is put over the houses dur
i11g the fi1·st week of June and left on u11til the first ,veek of 
August when it is re,moved so the plants can be ha1·dened off. 
We use 6 mil poly which is put on the last week of Septembe1· 
01· the first week in October. 

Cost of this material annually, including labor fo1· put
ti11g it on, is approximately 011/2c per squa1·e foot. The cost 
of house, fans, heate1·s, heat and elect1·icity pe1· year is app1·ox
imately 20c, 10c of this cost is amortized over a 10 year per
iod fo1· the houses and equipment. This works out to an ap
p1·oximate cost of 03c pe1· 4'' Azaleas with 15,000 plants per 
house, or 24c per plant fo1· 10 / 12'' plants. 

We learned years ago, in 01·der to have good saleable 
pla11ts for spring sales you must spend good money, but this 
is a lot cheaper than not have anything to sell in the spring. 

During my short 21 yea.rs experience, we have fot1nd no 
st1ch thing as winte1·-kill in Azaleas. Most of your damage is 
done in the ea1·ly fall with the first cold snap or freeze when 
everything is growing very lush and we get no hardening 
off of the plants. We call this Fall-kill at Ten Oaks. Nine 
times out of ten this will occur here either in the first 01· sec
ond week of October when tempe1·atures suddenly d1·op in the 
20's afte1· being in the 70's with ample moisture. 

As Azaleas go into the second or third year they seem to 
ha1·den off or stop growi11g ea1·lie1· in the fall; but for the 
younger, protecting under plastic seems to be the only answer 
if one is to have a saleable plant i11 the sp1·ing, and of course, 
the demanding market is the1·e f1·om March 15th on when one 
can't find a decent Azalea around. 

ANDREWS ADAMS: We a1·e changing some houses to fi
berglass. We find that over a five-year period the cost is 
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the same as polyethylene. The labo1· to put the polyethjrlene 
on is expensive and it comes at the w1·ong time of the year fo1· 
us. 

HANS HESS: Ho,v long have you t1sed fibe,1· glass? 
ANDREWS ADAMS: We have had it on a lean-to g1·een

house for 11-12 yea1·s. The fibe1·s a1·e sta1·ting to show. 
\Vhat we did this yea1· ,vas to put on a fibe1·glass refinishe1·. 
We coatecl the fibe1·glass and it keeps the dust f1·om acct1n1u
lating on the fibe1·s. We 1·eally should ha,,e done it a little 
ea1·lie1·. The 1nate1·ial is a,,ailable f1·om Geige1· in North Wales 
a11d is aclve1·tised i11 the Ame1·ican N u1·se1·yman. 

MODERATOR TINGA: The 11ext talk we have is ove1·win
i11g contai11e1· stock t111cle1· plastic my Mr. Gil Nickel. He has 
40 ac1·es of containe1·s. 

OVERWINTERING CONTAINER STOCK UNDER PLASTIC 
GIL NICKLE 

G1·ee·1ileaf .Nu1·se1·y Co. 
Pa1·k Hill, Oklahoma 

The 11eed fo1· cold weathe1· p1·otection of co11tainer g1·ow11 
b1·oadleaf 01·namentals b'ecame appa1·ent at ot11· nurse1·y afte1· 
seve1·e losses du1·ing the winte1·s of 1960, 1961, 1962. We are 
located in no1·theastern Oklahoma, in the Ozark Mountains. 
The ave1·age low temperatu1·e is 5 to 10 deg1·ees F. belo,v ze1·0, 
and most broadleaf eve1·green8 g1'0\vn in containe1·s, such as 
holly, py1·acantha, euonj'mus, and some sh1·ubs, are subject 
to va1·ying deg1·ees of winte1· damage. We felt that polyethy
lene cove1·ed houses offered the most p1·omising solution to 
p1·oviding the needed p1·otection, but seve1·al crite1·ia had to 
be considered : 

1. The houses had to be low in cost. 
2. They had to be able to hold snow loads of 6''-12''. 
3. They had to withstand winds in excess of 60 l\'IPH. 
4. They had to be easily e1·ected and dismantled as we in

tended to put up the houses in the fall and take then1 
do,vn in the spring. 

5. They had to do an adequate .iob of p1·otecting the plants. 
The structures I am going to desc1·ibe a1·e now being used fo1· 
thei1· third winte1·. We decided on A-frame construction be
cause of its relative strength and simplicity. By making in
dividual A-frame bows and joining any number of bows 
,vith st1·inge1·s, a house of any desired length can be erected. 
The A-frame bo,v is constructed from two 2x6's - 191/2 ' long, 
,,,ith a 12' 2x4 cross brace, and gussets of 3Ji:'' plywood, 1·e
sulti11g in a bow 33' ,vide, 11' high, and each leg making an a11-
gle of 31 degrees with the g1·ound. The bows are spaced 8' 
apart ,vith 2x4 stringe1·s 16' long, nailed at the bottom, middle 
and top. Diagonal braces are put at each end and, in the 
case of a long house (200' or more), braces are put in the 
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middle. Metal stakes const1·ucted of l'' st1·uctu1·al pipe a1·e 
d1·iven in the ground to hold the house do,vn. The ends are 
then cove1·ed and padded and the stringers inspected and 
1·asped down, if necessary, in .order to p1·event tearing the 
plastic sheet. 

The plants a1·e bt1nched and stacked th1·ee high. if 11eces
::oa1·y, so that a block of spaced plants 100' wide "''ill fit into 
30', with a 18'' aisle dow11 the middle and a c1·oss aisle eve1·y 
40 feet. The stacking of the plants is very important .. On the 
bottom laye1· the plants a1·e put can to can. The second lay
e1· is can to can in one direction, but spaced the size of a can 
in the othe1· di1·ection. The top laye1· is spaced all the way. 
The 1·esult is, that for each 4 cans on the bottom layer, there 
a1·e 2 cans on the second layer, and 1 can on the top layer. In 
the case of 1 gallon cans, this is 7 plants pe1· square foot. 

Afte1· the plants are stacked, the house is erected over 
them. The plastic sheets a1·e orde1·ed to fit the houses. Dur
ing the summe1· the size and locat.ion of each house to be built 
is decided. The plastic is 01·de,red about 10 o/o too long to allow 
fo1· adding a couple of bows, if necessary, and to allow for 
possible slight errors on the pa1·t of the plastic manufacturer 
in cutting the sheet. The sheets are all 40' wide - 1 don't 
know of any plastic company manufacturing sheets wider 
than 40'. When the house is completely ready to cover the 
11lastic is rolled out beside the house and car1·ied ove1· and 
d1·aped in place. The sheet is then nailed down with lath at 
one er1d and st1·etched to the other end. It is impo1·tant that 
the weather be suitable. It is virtually impossible to handle 
these large sheets in winds ove1· 15 MPH. and a completely 
calm day is ve1·y desirable and makes the job much easier. 
The temperature should be 40 degrees F. or above on a clear 
days, and 60 degrees F. or above on a cloudy day, or it is im
possible to obtain the necessary stretch on the plastic. The 
plastic is stretched and nailed to the middle stringer by a 
c1·ew of 5 or 6 men on each side of the house pulling against 
each other. Then the plastic is st1·etched and nailed to the 
bottom. The plastic should be d1·um tight when the .iob is 
comple,ted in orde1· to withstand the winter winds. The plas
tic is then nailed over every other bow in order to break it 
up into small, repairable sections. The house is then sealed 
along the bottom with sawdust. Shading material is applied 
to the houses as desired. The doors are closed anytime the 
temperature is expected to go below 32 degrees. In the spring, 
ciga1· shaped holes can be cut in the plastic above the middle 
st1·inge1· to imp1·ove ventilation. 

Now, let us evaluate these ove1·winte1·i11g houses ,vith 1·e
ga1·d to the criteria outlined ea1·lie1·. First we said the houses 
had to be low in cost. He1·e is a cost b1·eakdown on one A
frame bow: 

40 feet of 2x6 @ .1 Oc ft. . . . . . . . . . . ........ $4.00 
12 feet of 2x4 @ . 06 ft. . . . . . . . . . . . . . . . . . . . . . 72 
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40 feet of 2x4 @ .06 ft. . . . . . . . . . . . . . . . . . . . . 2.40 
2 metal stakes 2 ft. long, plus 1 ft. of 
strap metal, plus labor . . . . . . . . . . . . . . . . . . . . . . 1.00 
3 sq. ft. of =y8'' plywood @ .13c sq. ft. . . . . . . . . .39 
4 mil polyethylene, 8'x40',@ .006c/sq. ft. . . 1.92 
Estimated labo1· to build bow . . . . . . . . . . . . . . . . .50 
Estimated labo1· to haul bows, e1·ect 
buildings, and cover with plastic . . . . . . . . . . . . 2.00 
50 feet of lath @ 1.80 bundle . . . . . . . . . . . . . . .45 
Nails ................................ . 15 

Total for 240 sq. ft. usable space ............... $13.53 

Thus the intial cost pe1· sq. ft. is 5.6 cents. Howeve1·, if we 
assume that the bows will last 4 years, the lath 3 years, the 
stakes 10 years, and that the labor to disassemble the hot1ses 
is the same as that to erect it, we come up with a prorated 
cost of 3.5 cents pe1· squa1·e foot per yea1·, Whe11 it is co11sid
ered that it is possible to stack as many as 7 one-gallo11 
plants pe1· sqt1a1·e foot, the cost can be as low as 112 cent pe1· 
one-gallon plant, which we feel is certainly reasonable. 

Next, we said the structures must hold s11ow loads of 6'' -
12''. The heaviest s11ow load we have had while using these 
houses, was 6''-8'', but this didn't seem to be very close to the 
structural limit. 

The houses have gone through ,vinds i11 excess of 60 
MPH, and the only damage was a few i1·on stakes pt1lling 
loose, and a few rips in the plastic, which were easily repai1·
ed. If stronger winds were expected, it would be necessa1·y 
to use i1·on stakes mo1·e often, or an entirely different mea11s 
of anchoring the hot1ses to the ground, and to lath the plastic 
to every bo,v rathe1· than eve1·y other bow. 

Next, we sa;id that the houses must be easily erected a11d 
dismantled. It takes a 6 man crew approximately 4 hours to 
erect a 300' house, if the materials are all close by. It takes 
20 men about 2 hou1·s to cover the same house. 

The last criteria was that the houses had to do an ade
quate job of protecting the plants. I can say with no reser
vations, that they do an excellent .iob. Winte1· damage is prac
tically a thing of the past for us. On a cold night the tem
perature inside is usually 20-30 degrees above outside tem
perature. In our climate the soil ball of the plants never 
freezes more than 1'' deep. He1·e are two excerpts from tem
peratu1·e 1·ecords I kept the first winter we used the houses: 

Dec. 22, 1963 - The ot1tside temperature has not been 
above freezing fo1· several days. It snowed approximate
ly 3'' last night. At 5 :30 P.M. the temperature outside 
was 14 degrees, inside it was 32 deg1·ees. The low outside 
during the night was 7 degrees below ze1·0, inside the low 
was 26 degres. 
Jan. 13, 1964 - The low outside was 4 degrees, inside 
26 degrees. High temperature outside was 30 degrees, in
sicle was 56 degrees. 
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It is also important to note that the color of most plants 
overwintered inside is much superior to those left outside. 
This is certainly an important spring sales consideration. 
However, unless the houses are shaded, the plants will break 
dormancy 2-3 ,veeks before plants left outside. Also, it is 
necessary to water the plants once 01· twice a week, or eve11 
more often during a warm spell. We use #20 rain bird sprink
lers, equipped with a baffle, spaced 20' apart down the cen
ter of the house. Rodent damage in the houses can be quite 
severe, and it is necessa1·y to maintain bait stations. The 
warm temperatures and high ht1midity in the houses are 
very conductive to insects and disease, so we spray every two 
,veeks with Captan, and every four weeks with Sevin. 

Du1·ing the winter of 1964 we decided to experiment 
with white opaque plastic. We used two overwintering 
houses of the same ,vidth and le11gth, located side by side, one 
covered with clear plastic and one covered with white plastic 
giving 40 ',¼J light transmission. A maximum-mi11imt1m re
cording thermomete,r was placed in each house at identical 
locations i11 order to compare inside air temperature. Also, a 
continuot1s recording ther'mograph was placed in each house 
with the probe buried 6'' deep in a 5 gallon can to compare soil 
temperature. Finally, a continuous recording thermograph 
was placed outside to record outside temperatures. The fol
lowing year. we cove1·ed approximately 1/3 of our overwin
tering house,s with white plastic. In comparing clear plastic 
verst1s white plastic, we have some to the follo\ving conclt1-

• s1ons: 
1. The night air temperature is approximately the same 

i11 the cleat· and white houses. \Ve had expected the 
white to be warmer at night due to reduced heat radi
ation. However, on a cold night a heavy layer of frost 
forms on the inside of the clear plastic, resulting in 
heat transmission approximately equivalent to the 
white plastic. Also the frost layer·, from ~/8 to l/4," 
thick, has some insulation quality. 

2. The day time air temperatures are much higher in the 
clear plastic houses, approximately 15-20 degrees dif
ference. The temperature in the white houses is about 
the ·same as the outside temperature during the day. 

3. The soil temperature is more even in the white hot1ses. 
The soil temperature in the clear houses fluctuates 
more, but is higher on the average. 

4. The water requirements are much less in the white 
houses, requiring water only about every two weeks. 

5. The plants stay dormant 2-3 weeks longer in the white 
house·s, breaking dormancy about the same time as 
plants left outside. 

6. Plant color is a little bette1· in the white houses. 
7. The clear plastic is·· much stronger than the white 

I)lastic. The white plastic on all the, hot1ses cove1·ed last 
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yea1· failed before Ma1·ch 15th. This is a se1·iot1s 1)1·0!)
iem and forced us to abandon the use of the white plas
t:ic. Howeve1·, it is possible we used an inferior grade 
of plastic in our tests. 

I think that the advantages of the white plastic a1·e too n1an~· 
to ignore, especially in the cold climates whe1·e it would be 
impossible to prevent the soil ball of container grown orna
mentals from freezing solid without art.ificial heat. The white 
plastic would allow a slow thawing process that would prob
ably be mo1·e benefical than quick temperatu1·e changes. How
ever, the same result could be obtained by heavily shading 
cle~1r plastic. 

CORLISS INGELS: What thickness of plastic do J'OU use? 
GIL NICKEL: Fou1· mil. We start covering Octobe1· 15th. 
MODERATOR TINGA: Ot1r next paper is on the storage of 

budwood, scions, and rooted and unrooted cuttings. I will ask 
Hugh Steavenson to start. 

HUGH STEA VENSON: Reg1·ettably ou1· good f1·iend Da1·
rell Holmes could not be with us today. Fortunately we have 
Jim Law who is the production manager of Stark Brothers 
who grew up in the nursery business and is ,,,orking right i11 
this very sub.iect. So I think it is very fo1·tunate that Jin1 
·could be he1·e to 1·ead Dar1·ell'g pape1· a11d handle a11y con1-
me11t8. 

STORAGE OF ROOTED CUTTINGS, UNROOTED CUTTINGS, 
SCIONS AND BUDWOOD 
K. DARRELL HOLMES 

NJ ourit A 1·[)01· Nu1·se1·ies 
Slie1iancloah, Iowa 

I am sure that many of you. perhaps all of you, have had 
mt1ch experience in storing ROOTED CUTTINGS, UNROOT
ED CUTTINGS, SCIONS AND BUDWOOD and probably 
have just as good a method as-we, but I will try to give you 
complete information on our methods. 

First - ROOTED CUTTINGS: 
We do not have occasion to store great quantities of 1·oot

ed cuttings for any period of time, but we do store rooted 
cuttings of Crimson Pygmy Barberry and several varieties of 
Taxus. These are stuck as semi-hardwood cuttings in green
house propagation benches during September. We carry 
them in the benches until about the first of February, then 
dig and w1·ap 100 per bundle in moist sphagnum moss and 
two millimeter polyethylene. We tie the wrap with a rubber 
band. We do not put the polyethylene over the tops. In 
fact, the tops of the Barbe1·ry cuttings are above the polyethy
lene about one--half inch, and the Taxus cuttings may be from 
one-half inch to three inches above the poly., dependi11g 011 
the length of the ct1tting that was rooted. 
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vVe then pack these bundles of wrapped cutti11gs in sta11-
dard greenhouse flats, store the·m in refrigerated storage on 
shelves, and carry the temperature at about thirty-six de
grees. 

I might add that in addition to the above we carry sev
e1·al thousand 1·ooted cut.tings i11 outside propagation beds i11 
two to three inches of sand whe1·e they were rooted du1·i11g 
the summe1·. These cuttings root on down into the soil. We 
put lath shades on the beds and cove1· the beds with wheat 
straw about the middle of November. The cuttings are ca1·
ried ove1· winter in this manner, and as they begin to take on 
11ew growth in the spring they a1·e eithe1· planted direct to the 
field or potted and set i11 coldframes a11d ca1·ried over tintil 
the following spring. 

[JNROOTED CUTTINGS: 

GREEN WOOD CUTTINGS -
I might comment briefly on g1·een wood cuttings to sa:-,' 

that we do not attempt to store them. There are occasio11s 
when we do ca1·ry them up to several days as we take cutti11gs 
at times from our stocl{ blocks faster than they can be work
ed up and stuck in the propagation beds. 

We have tables in the basement of our Propagation 
House work room. The tops of these tables a1·e of 1/~ inch 
hardware cloth, and we 1·un a mist line about eighteen inches 
above the table tops. We spread the cuttings out on these 
tables and place an electronic leaf _just above them. With 
this method we can carry the cuttings over a weekend, or fo1· 
several days, and have found that they will remain in excel
lent condition until we can get them worked and stuck. 

We use this same method to carry Juniper cuttings fo1· 
grafting. It is necessary to cut Juniper cuttings when the 
temperature is above freezing, and we like to cut enough to 
run our grafters for several days since we sometimes have 
several days when the temperature does not get above freez-
• 1ng. 

DORMANT CU'I'TINGS 
I do not suppose that anyone has any trot1ble storing dor

mant cuttings, but to comment upon ot1r methods I would ad
vise that we handle dormant cuttings of only Honeyst1ckle, 
Poplar and Willow. We make cuttings seven inches in length, 
tie them about 100 per bundle, and pack in graft boxes (these 
are wooden boxes 19 x 19 x 35 inches). We pack the cuttings 
in good moist shingletow. These boxes of cuttings are then 
stored in refrige1·ated storage in thirty-six degree tempera
ture. 

The cuttings are usually made in early October, and we 
usually plant them three to four weeks later. However, if 
weather does not permit us to plant them all we carry them 
as mentioned above t111til we can pla11t them dt1ring the earl)', 

• sp1·111g. 
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SCIONS: 
Scions 1·efe1·1·ed to at this time consist of Apple, Flowe1·

i11g Crab, and possibly Pea1·, F1·ench Lilac, etc. 
We t1·y to take ou1· scions f1·om ou1· stock blocks du1·i11g 

Decembe1· and January when temperatur·es a1·e above thirty
t,vo deg1·ees. We tie the scions 250 pe1· bundle as they a1·e ct1t 
in the field, then take them to the seedli11g sto1·age, ,vhich is 
a basen1e11t 1·oom that is f1·ost p1·oof but not 1·ef1·ige1·ated. 

We place a thin laye1· of wet spaghnum moss on the floo1· 
~111d then pound the moss into the butt ends of the bundles of 
scions. These scions a1·e the11 stored on shelves in this base
ment 1·oom t111til we finish g1·afting about Ma1·ch 10th. 
BUDWOOD: 

The Rto1·age of budwood will undoubtedly be mtich mo1·e 
i11te1·esting to many of you than the rest of this paper, so I 
,,,ill attempt to go i11to some detail 1·ega1·ding same. 

The past seve1·al yea1·s ,ve have stored and used do1·,n1cirit 
lJudivoocl on Plum, P1·unus, Pea1·, Apple and Flowe1·ing C1·ab in 
the f1·uit t1·ee g1·oup; P1·itnu.c; glanditlosa alba and 1·osea, also 
Co1·'1i·us elegantissinia,, in the orna.mental shrt1b group; Ash. 
Catalpa, Elm, Honeyloctist and Linde•n in the ornamental tree 
group. . 

The budsticks a1·e cut f1·om stock block t1·ees during late , 

Decembe1· and ea1·ly Janua1·y, at ,vhich time the trees a1·e 
completely do1·n1ant. The budsticks ar·e taken to a workroom 
,,,he1·e they are so1·ted, washed and tied fifty sticks per 
bt1ndle. 

The budsticks of the f1·uit tree a11d ornamental sh1·ub 
g1·oup a1;e then w1·a1)ped in wet newspaper and placed in a 
polyetfiylene bag. We use special poly. bags of .002 milli
meter material tl1at a1·e ten inches wide and forty inches long. 

We use poly. bags without air holes for the storage of 
budwood. The bag is tied secu1·ely at the top to make it air
tight. The poly. bagged budsticks are then sto1·ed in cold 
sto1·age at 28 degrees from Janua1·y until about June_l5th., 
at wnicn time we start to 6ud- the -Plum· and Pru nus: 

The ornamental t1·ee budsticks are handled differently 
in th.at Fe place a small amount of slightly damp. sphagnum 
moss at the -butt· end· of the bundle of scions and then place 
them in the polyethylene bags. These poly. bagged budsticks 
a1·e then placed in cold storage at ''above f1·eezing'' tempe1·a
tu1·es of about 34 to 36 degrees. 

"' - .. "- . . ... -... 
We do not put moist riewspape1· a1·ound these ornamen-

tal t1·ee budsticks as we do not freeze these. 
Going back to the fruit t1·ee and 01·namental shrub bud

,vood that ,ve freeze, 01· 1·athe1· car1·y at a ·28 degree tempe1·
ature, I should mention that as we get ready to use this bud
wood we select the budwood that we expect to use the follow
ing day and re.lJlQV~ it from tne 28-degree storage- to the 34 ·to 
36" aeg1·ee ·storage so that it will thaw out. gradttally ·for al5out. 

-1·2-t-o 1·8-hours before being taken to the budding field where. 
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tempe1·atu1·es a1·e at times as high as 90 deg1·ees. 
In gene1·al we get a much bette1· bud stand with the do1·

n1a11t buds than with green buds, particula1·ly on the Tho1·n
less Honeylocusts and the Plum and Prunus. We can also 
bt1d earlier i11 the season and get this budding out of the way 
befo1·e g1·een buds a1·e 1·eady to use on other budding. 

I an1 so1·1·y it is not possible fo1· me to att-end this meet
i11g this yea1·, but if anyone has any questions and would 
ca1·e to w1·ite to me in care of Mount Arbor Nurseries, 
Shenandoah, Iowa, I ,viii be happy to answer to the best of 
n1y ability. 

MODERATOR 'TINGA: l am always su1·p1·ised at the amot111t 
of hand labo1· requi1·ed i11 these ope1·ations. My ob.Jective is 
to eliminate just as much hand labo1· as we ca11. Very often 
this means changing species and systems. But, if hand labo1· 
is the p1·oblem I think it is and is going to be, I think every-
011e has to think in te1·ms of e1liminating whole steps in pro
duction if that's necessa1·y in order to come out on the net 
p1·ofit side. The next talk that we have will be seed bed treat
ments prior to seeding by M1·. Ralph Shugert. 

' SEEDBED TREATMENT PRIOR TO SEEDING 
RALPH SHUGERT 

Plu1nfield Nu1·se1·ies 
F1·e·m.ont, Neb1·aska 

Di·. Ti11ga, P1·eside11t Ve1·meulen, Society membe1·s and 
ho1101·ed guests : 

It is a real pleasure to discuss with yot1 this mornir1g the 
most fascina.ting, perplexing, and at times i11comprehensible, 
phase of plant rep1·oduction . . . seedling p1·opagation. Over 
the yea1·s we have hea1·d excellent papers p1·esented covering 
many aspects of seedling p1·oduction, and it is my intent to
day to discuss a few techniques we use at Plumfield Nurser
ies in Fremont,, Neb1·aska. 

Our seedling operation is divided between seed beds and 
seed rows, and most of the 1·ema1·ks a.nd slides will co11cern 
the fo1·mer. 'l'he field which encompasses ou1· seed beds is 
very level, and the soil textu1·e is quite sandy. There are ap
p1·oximately thi1·ty ac1·es of seed beds in this field. Perhaps 
I should pay more attention to the soil pH, and to N., P., K., 
but I don't - except that based on previous soil tests, we are 
lJuite high in both Potash and Potassium. These results are 
compiled on a response based on field crops. Soil pH is rath
e1· confusing due to the fact that one section of ot1r field of 
seed beds, a strip seven hundred feet long, will show a pH 
variation from 7.1 to 8.0. The same species are seeded in 
this area, and little if any diffe1·ence can be noticed in the 
g1·owth of 1-0 and 2-0 seedlings. Perhaps a comment on weed 
control, that shall follow might provide an answe1· to this pH 
variation. 
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Ou1· seed beds are p1·epa1·ed and const1·ucted quite simply. 
Afte1· the seedlings a1·e lifted in the fall, the vacant beds a1·e 
disced lightly to go into the winte1·. This g1·ound is then kept 
disced down during the sp1·ing and ea1·ly summe1·. The first 
week in August the seed beds a1·e constrticted, so that the 
seeding ca11 sta1·t the fi1·st week i11 Octobe1·. We 1)1·epa1·e our 
beds \vith a11 Allis-Chalme1·s t1·acto1·, and all ou1· beds measu1·e 
fot11· feet f1·on1 cente1· of alley to cente1· of alley. The soil is 
1·aised about six inches with t\vo rear discs, and leveled \\'ith 
t,,,o inch by fou1· inch boa1·ds ·mounted at about a thit1:)' de
g1·ee angle to the f1·ont cultivato1· ba1·s. Afte1· the beds a1·e 1·ais
ed they a1·e the ha1·1·owed, and 1·eady fo1· weed cont1·0I p1·ior to 
seeding. 

The only \\'eed cont1·ol we use in seed beds is that of a 
J)1·e-eme1·gence, and the mate1·ial used is Calcium Cyanamid, 
shipped in ca1·s from Niaga1·a Falls, Canada. The mate1·ial 
cost is $61.00 per ton, FOB Canada, and ot11· cost - which 
includes freight, unloading and labor to apply - will be close 
to $185.00 per ac1·e, applied. This figure does not include 
ove1·head, but 1·ather is a di1·ect labo1· cost. We apply this ma
te1·ial at the 1·ate of seventy-five pounds pe1· one thousand 
squa1·e feet of bed, in two applications. The t1·acto1· and 
sp1·eade1· go ove·r the bed the first time with one-half the 
amount a11d then the bed is ha1·rowed. The second and final 
applicatio11 is identical to the fi1·st. After a section of seed 
beds is t1·eated the enti1·e section is then wate1·ed. This mater
ial gives us about 20 '.¼i Nitrogen which could explain the pH 
va1·iation mentioned earlie1·, and the weed cont1·ol is perfect 
tintil the wind blo\\'n weed seeds sta1·t ge1·minati11g in mid
May. F1·om this point on, until f1·ost, all of the seed beds are 
hand-weeded. 

Seeding sta1·ts the fi1·st week in October, with the strati
fied seed going in the g1·ound first. This includes va1·ieties 
such as: Coto1ieaste1· acutif olia, Junipe1·us scopulo1·um, Tilia 
ame1·icana, Tilia co1·data and Vibur·num species. All of our 
seed is drilled in with a Planet Junio1· five 1·0,v d1·ill, and 
mulched with oat straw. We apply the straw immediately 
after seeding each bed. As the slides will point out, we have 
fou1· seed 1·ows pe1· bed for inc1·eased light intensity. The cen
te1· drill is plugged, and this gives us a seven inch 1·ow spac
ing between 1·ows 'one and two and th1·ee and four. There is 
then fourteen inches of space between 1·0\vs two and th1·ee. 
The straw is applied at the 1·ate of one manure spreade1· load 
to a bed of three hund1·ed and thi1·ty feet. This gives us am
ple, but thin cove1·age. The st1·aw is held in place with two 
i11ch mesh wi1·e, peggeq to the bed with steel pegs. We no1·
n1ally finish seeding by the middle of Novembe1·, and ou1· no1·
n1al Neb1·aska winte1·s will cove1· the beds fo1· us with snow 
until spring. In the spring the pegs and wire are removed, 
but the straw remains on the beds. We will make our initial 
hand-weeding through the straw, allo,ving protection for the 



germinating seedlings. Many of the conife1·s a1·e then shad
ed in early June with snow fe,ncing, and in most cases the 
shades stay on the beds th1·oughout the second yea1·. 

Now a sho1·t word 01· two about our seed rows_. and then 
,,,e shall show a few slides. The ac1·eage involved in rows is 
between forty and fifty, depenclent upon seed supply. We 
p1·epa1·e soil by winte1· fallowing, and then discing all sum
n1e•1·, p1·io1· to seeding in October. Irmmediately before seeding 
the g1·ound is disced, ha1·rowed and rolled, and the seed is 
d1·illed ,vith a one-row Pla11et J unio1· drill. We 1·idge our seed 
J'<)WS qt1ite high, up to a hill of about ten inches to go i11to the 
winte1·. This hill is 1·e1noved in the spring, partially with a 
Budding In-Row-Weede1·, and by hand with a potato hook. 
We apply a band of pe1·lite when we, seed, and this enables in
expe1·ienced labo1·ers to know when they have gone deep 
enough with their hooks. This has saved us much embar-
1·assment in having seed hooked, or raked, out of the rows. 
The 1·ows are then maintained du1·ing the growing season by 
v,1eeding with the In-Row-Weeder, while the seedlings a1·e 
small, and then by weeding crews when they are large1·. We 
do not use any type of weed control in the seed rows. 

Before we view the slides, I would like to comment that 
,ve a1·e growing a wide list, of plant materials f1·om seed. 'fhe 
acute p1·oblem today fo1· the p1·opagato1· growing seedlings 
f1·om Abies to Vibu1·num, is that of seed source. We use pri
vate collectors exclusively, and rely strongly upon our own 
seed mother rows. It is not inexpensive to pi.ck and clean seed. 
but it is well wo1·th the additional cost to have the seed when 
.)'OU want it, a11d to be assured of viability and the germina
tive capacity necessa1·y to assure decent seed stands. 

The challenge in seedling propagation is probably 110 

g1·eate1· than that of vegetative propagation, but nothing gives 
me a greate1· feeling of exhila1·ation than to observe seedlings 
ge1·minating in the sp1·ing. Another new growing year is ap
p1·oaching . . . ''God's in his Heaven, all's right with the 
,vorld. '' 

PETE VERMEULEN : How much ,vater do you put on'! 

RALPH SHUGERT: I have had several people say you 
11eed a very heavy wate1· seal, but I have neve1· followed this. 
I would say that if we used more than ~~'l'', I would be sur
p1·ised. What we do is to ,vate1· until the g1·ound is black. 

JOE HOULIHAN: How soon do you water after the mater
ial is applied? 

RALPH SHUGERT: We apply the water immediately afte1· 
applicatio11, section by sectio11. 

-
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FRIDAY AFTERNOON SESSION 

December 9, 1966 

1'he sessio11 co11venec1 at 1 :15 p.m. i11 the Colonial Room 
Viki11g Hotel. M1·. Hugh Steavenson was moderato1· of the 
speaker-exhibito1· symposit1n1. 

STU NELSON: Ot11· m<)c!e1·ato1· this afte1·11oor1 is Hugh 
Steavenson. 

HUGH S1'EAVENSON: It gives me ,t g1·eat deal of pleasu1·e 
to' i11t1·odt1ce M1·. John l\1cGui1·e. 

EFFECT OF TERMINAL APPLICATIONS OF IBA ON ROOTING 
OF WOODY ORNAMENTAL PLANTS' 

JOHN J. MCGUIRE AND DAVID C. SORENSEN' 

· Lt has long been a p1·actice to apply auxins in either a talc 
01· a11 alcoholic base to the basal portion of cuttings to stimu
late 1·oot initiation and g1·owth. This has been effective, pro
vided optimum levels of auxin were applied. If concentra
tions we1·e too high, inhibition of root elonga.tion occurred. 
If concentrations were too lo\v, poor rooting resulted. There 
a1·e a few 1·epo1·ts of auxin application to the foliage of ter
n1inal po1·tions of ctittings either befo1·e (4) 01· after 1·emoval 
from the plant (1) (3), but significantly improved rooting 
,vas not obtained. 

Terminal applications could be advantageous if they im
p1·0,,ed rooting without in.1ury to the plant, or if they could 
be applied as a spray to cuttings in the propagation bench. 
Theo1·etically, it is feasible to apply auxins to the terminals of 
ctittings. It has been established by Went and White (5), 
and more 1·ecently by Leopold and Guernsey (2), that when 
IBA was applied to the distal (terminal) end of a coleus cut
ting some auxin was transported to the proximal (basal) end. 
It is not thought to be in the f 01·m of IBA afte·r it is trans
po1·ted. 

The pu1·pose of this wo1·k was to determine the effect of 
te1·minal applications of IBA when applied to woody orna
mental cuttings: Preliminary work, done in 1963, with cut
tings of flex c1·en(J),ta convexa Mak., provided information 
,vhich was used in establishing treatments and procedures 
used fo1· this experiment. A 1 'lo solution of IBA in a 40-50 'lo 
solution of ethanol 01· polyethylene glycol, was satisfactory 
as a terminal application either· as a dip of the te1·minal bud 
and next two nodes togethe1· with leaves, or as a spray applied 
to the enti1·e leaf area of the cutting. 

Applications of IBA, IAA and N AA separately or in 
1Co11tr1but1un number 1218 of the R f Ag11cultur.1I Exp StJt1on 
2Ass1stu11t J>rufe5sor a11d Gradt1ate Research Ass1stdnt, respectively 



combination with each othe1· i11dicated that NAA could be 
used effectively at much lower concent1·ations tha11 IBA 01· 
IAA, especially when in combination with one of the other 
two. The preliminary \\'01·k also indicated that to be effec
tive te1·minal treat,ments n1ust be approximately five times 
as st1·ong as basal t1·eatments. 

In the summer of 1965 compa1·isons of te1·mi11al a1tli basal 
applications of IBA with N AA we1·e made on a la1·ge nt1mbe1· 
of species commonly p1·opagated f1·om softwood or semi-hard
wood cuttings. The 11umbe1· of cuttings of each species va1·
ied, but there were a.t least 15 cuttings in each of three repli
cations in each of th1·ee treatments in a 1·andomized complete 
block. The size of cuttings also varied ,vith species, but each 
cutting had a terminal bud and fou1· nodes. The following 
three t1·eatments were t1sed: 

1. A terminal dip to a depth of t\\'O nodes with leaves i11 
a mixture of 1 o/o IBA and 500 ppm NAA in 40o/o poly
ethylene glycol ( Carbowax 400) for 10 seconds. Cut
tings we1·e immediately blotted to remove all excess. 

2. A basal dip to a depth of one inch of defoliated stem in 
a mixture of 0.2 % IBA and 500 ppm N AA in the 
same solvent n1entioned above. 

3. A basal dust to a dept,h of one inch of defoliated stem 
in a comme·rcially prepa1·ed talc containing 0.3 o/o IBA. 

Cuttings were placed in flats containing sterile medium 
of elJual parts ho1·ticultu1·al g1·ade perlite and sphagnum peat 
moss. Flats ,vere placed under inte1·mittent mist in a g1·een
house equipped with fan-pad cooling. Ten1peratures we1·e 
maintained at a maximum of 85°F during the day and a min
imum of 68°F at night. Cuttings were examined periodically 
and those of each species were 1·emoved when cuttings in one 
of the t1·eatments we1·e found to be well rooted. Upon 1·emoval 
all media was washed f1·om the roots and the number and 
length of each root was recorded. Fo1· analysis, the data were 
given a nume1·ical value according to the following system. 
Roots less than l/4'' long were given a value of 1; roots 1/4'' to 
1/2'' long were given a value of 2; roots 1/2'' to 1'' long, a value 
of 3; 1 to 2'' = 4; and roots ove1· 2'' were given a value of 5. 
Thus, a cutting with 1 1·oot :½i'' long, 3 1·oots 11/2'' long, and 5 
1·oots ove1· 2'' long was given a value of 39. Rhododendrons 
we1·e evaluated diffe1·ently because the root system of this 
species makes counting and measuring individual roots im
practical. The following scale was used. Cuttings with 20 
or less 1·oots were given a value of 1. cuttings with more than 
20 1·oots in a ball tip to 1/4," in cliameter we1·e given a valt1e of 
2, a root ball ¼'' to 1/2'' = 3, l/2'' to l'' 4, and a 1·oot ball 
mo1·e than 1'' i11 diamete1· a value of 5. 

Terminal application resulted in significantly greate1· 
1·oot development than basal application fo1· 3 species: Rhodo
dend1·on 'Dr. D'1·esselhuys', Viburnum carlesi compactum, and 
Viburnu1>i iurighti. Terminal application did not result in 
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significantly less 1·oot development than one of the basal 
treatments fo1· 5 species: Euonynius, alatus compactus, Juni-
11e1·us chi1,iensis lcetl ee1·i, J i1,nipe1·us horizontal is douglasi, 
Pa,cliysand1·a te1·mina,lis, and Rhoclocle-nd1·on cataivbiense gran
cl-iflo1·il'111,. Rest1lts for othe1· species we1·e either inconclusive 
dt1e to poo1· 1·ooting 01· there wer·e no diffe1·ences betwee11 
t1·eatments. 

The 1cerminal t1·eatme11t was 11oticeably ineffective 011 
Ace-1· JJal11iatum, d-isectu-n1, (Japa.nese 1·ed maple). This may 
have been due to the heavy waxy bloom on that species. Ter
n1inal t1·eatments r·esulted in mino1· chlo1·osis on Rhododendrons 
species. No chlo1·osis was observed on any basal treatment. 
Chlo1·osis was one of the side effects noted in p1·eliminary 
work when N AA was used as a terminal treatment. It should 
be 11oted that the low values fo1· many of the basal treatments 
do not indicate lack of 1·oots but 1·ather .lack of 1·oot elonga
tion. This ma.y have been the result of inhibitory leve~s of 
auxin in tissue at, the site of 1·oot initiation. This phenonemon 
was not observed in terminal treatments in these experi
ments. 

It is appa1·ent that terminal treatments are feasible and 
pe1·haps could be t1sed on a practical basis provided optimum 
concent1·ations we1·e dete1·mined. It may be found that diffe1·
e11t concent1·ations are required for each species. Terminal 
applications have resulted in modified root orientation on 
some species, notably on !lex where the g1·eatest number of 
experiments have been carried out. There have been no last
ing inhibito1·y effects on terminal 01· axillary buds from ter
minal treatments. The application of auxin to terminal buds 
and leaves may be a useful tool in studying auxin movement 
in relation to the environment. It may also have a practical 
application in treating scions dtiring g1·afting to facilitate 
more rapid union of the scion to the stock. 

l~Fl;EC'l' OF l\lE'rHOD OF APPLIC,\TION OF GROWTH REGULATORS ON 
CODED ROOT LENGTH OF CUTTINGS OF WOODY 

ORNAMEN'rAL PLANTS 

S1)cc1es 

Acer palmatum 
disectum 
Euonymus alatus 
compactus 
J uniperus chinensis 

Terminal D1p 
1% IBA + 500 ppm NAA 

7.0NA 

517.0 A 

Ketleeri 42.0 A 
Juniperus 
couglasi 

horizontalis 
88.6 A 

' 
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Basal D,p 
0 2"/o IBA + iOO ppm NAA 

29.5 NA 

505.0 A 

11.0 B 

73.7 A 

Basal Dust 
0 1 'Yo 
(Talc) 

7.0 NA 

158.6 B 

55.6 A 

75.3 A 



J u11ipu1·ot1s hoi1·zo11talis 
plumosa 115.0 A 

Pachysand1·a 
terminalis 239.3 A 

Picea glauca 

Rhododend 1·011 
D 1·esselh uys' 

co11iea 64.6 NA 

'Dr. 
218.3 A 

Rhododend1·011 
g1·andiflort1m 

catawbiense 
52.8 A 

Vibu1·um ca1·lesi 
eompactum 

Viburnum plicatt1n1 
tomantosum 

Vi1·burnum wr·ighti 

149.0 A 

20.0 A'~ 

385.3 A 

45.0 B 

260.0 A 
20.6 NA 

26.6 B 

54.0 A 

203.G B 

20.0 A* 
260.6 B 

123.0 A 

121.3 B 

20.6 NA 

23.3 B 

36.2 B 

,10.2 C 

20.0 A* 
159.3 C 

NA == 11t1 c1.noly:,1s m,1<lc <luL t(> thL :,m,111 nt1n1bcr of 1...utt111g::i \vh1ch rooted 
Nun1bLr::i \\'1th the ~ame ILtter on the same l111c arc not s1gn1f1cantly different frum cc1.ch otht..r 
(P 05) 

I 

l,l'l'Ell,\'l'URI'.. Cl I J,,IJ 

l-l1l,l1ell1, 1\ C ,111,l i\l1LLl1ell, J \V 
.1pply111g 1<1ol 11ro11rot111g s11b;ld11,e, 
l,c<>p<>ld, ,\ C ,111,I G11c111se), I,, S 
l\ot. C,tl 11 :', l 4 7-154 

193!) Spr,1y111g 1; ,1 11e1\' 111ctl10,l ul 
1'101 Rev p 14 

1953 ,\11x111 11ol,111L)' 111 tl1e cule11, pl,1111. 

3 i\l1tcl1ell. J \V .i.11,l l\·l.11tl1. I'. C 1947 G101\tl1 Reg11l,1tu1; 1,,1 g,11,le11, 
t1eld .111,l 01cl1,11cl U111vc1;1ty ut Ch1c,1g,, l'•c~, 

4 Sto11tc111eyc1·, V ·1· ,111d O R·o111f..c l'. L. 194:i R,1,,1111g c11tt111g, £1,,111 
pla11ts spr,1yed w1tl1 g101vth 1cg11la1111g ;11b,L,111cc, l'1oc A111e1 Soc Huit 
Sci 46 407 -411 

r, \Vc11l. l' \V ,111,I \Vl111e, ll 1939 Ex11e1i111e111, 011 1l1e 11,111,p<)II ,,I ,111x111 
!lot C,11,, I Oil. 405-484, 

HUGH STEA VENSON: Ou1· next speaker is one of our very 
loyal membe1·s, Al Lowenfels. 

VARIOUS TYPES AND STRENGTHS 
OF HORMONES FROM U. S. A., ENGLAND 

AND HOLLAND 
ALBERT LOWENFELS 

fVhite Plai1ii;, Neiv Yo1·lc 

I planned to bring containe,rs of Hormones that a1·e sold 
comme1·cially and say a fe,v ,vo1·ds about my expe1·iences with 
them. But then I felt that few words on the ,vhole subject of 
1·oot promoting substances would be of interest. 

Hormones for plant growth are comparatively new. 
Baileys Nursery Manual, 22nd adition· a wonderful book in 
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HUGH STEAVENSON : OL1r· next .speaker is on·e of our· very 
loyal me1rnbe1"s, Al Lowenf els,. 

VARIOUS TYPES AND STRENGTHS 
0 ,f HORM01NES FROM U. S. A., ENGLAND 

AND HOLLAND 

ALBERT LOWENFELS 
vV lzite Plai1'i ·, N e to Y or·lc 

I p la1111ed to b1--i11g contai11e,r s of Hormones that a1--e sold 
commercially a11d ay a few vvords abot1t my experience~ with 
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many ways published in 1919 says nothing about hormones. 
N e·ithe1· does the article signed by B. M. Watson in Baileys 
Encyclopedia mention Hormones. Laurie and an assistant 
Professor named Chadwick in Modern Nursery mention Potas
it1m pe.rmangenate a11d St1crose as 1·ooting aids. Thei1· book 
was published in 1931. Also slight attention is give11 to acetic 
acid, Manganese sulphate and Manganese dioxide. 

Hottes in How to Grow Plants (1940) cites the work that 
Boyce Thompson Institute did in this field since 1924, men
tioning Dr. Hitchcock and Zimmerman, who defined a ho1·
mone as a substance p1·odt1ced in one part of the body usually 
ductless glands and is then t1·ansferred to another pa1·t where 
it has a specific physiological effect. Hormones change adol
escent children unto adults and whe11 the Hormones dissa
pear from the body old age is b1·ought on. 1-Iottes continues 
telling how in 1910 a Danish botanist proved that some of 
these same st1bstances will also have an important effect 011 
plants. (In fact I once 1·ead someplace that if you dipped 
the bases of cuttings in the urine of a pregnant woman, root
ing would be imp1·0,,ed). At first Boyce Thompson expe1·i
mented with gases but finally Professor Kogel of Holland 
found a crystalaline substance in urine k11own as Indoleacetic 
Acid and experiments showed that this and other substances 
would be of great help. Kains and McQestern in 1942 tell 
ho,v a man named Fitting used Hormones for plants in 1910. 
They tell how Hitchcock in 1933 reported the effect of car
bon monoxide on initiating roots and was the first to use a 
chemical substance on an organ of a plant. Boyce Thompson 
investigation found 32 possible root promoting substances. 
Then this institute gave a license to Me1·ck and Co to market 
a powder which was called Hormodin A. 

Sheats of England wrote a detailed and supposedly auth
oritative book on Propagation in 1948. Oddly enough Sheats 
found no use for Hormones. Sheats stated that Hormone 
treated cutting made more and better roots but when plant
ed outside•-that after 6 months the untreated plants ,vere 
more advanced than the treated ones. He concluded 'It is 
safe to say that up to date no real commercial advantage has 
yet been gained by the use of substances for the production 
of plants by cuttings'. And in his detailed instructions on 
how to propagate hundreds of species I haven't found one 
that mentions hormones. 

We of course know that hormones DO help many plants 
form roots, in fact I do not see how we could propagate many 
subjects without them and so far I know hormone treated cut
tings do as well and often bett.er than plants rooted without 
them. Now a few words about the Hormones I brought along. 
I propagate all my material myself including transplanting 
into bands or peat pots so my words are entirely the rest1lt 
of my own observations. 

I did not b1·ing Hormodin-or Rootone along for I felt 
yott a1·c all f~tmiliar with them. Se1·adix is a11 English pi·o-
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cluct (a11d I believe it is used in Ca11ada). It con1es i11 th1·ee 
strengths and I feel that it is simila1· to Hormodin. Rootage11 
comes in two strengths for soft and harde1· cuttings. I didn't 
have much success with either. 

Hormoroot is made by an individual in Jersey. It comes 
i11 various strengths inclL1ding some, ver}' strong. I foL1nd it 
quite good. Hormex comes f1·om 'che West Coast in va1·ious 
strengths. One thing I like about Hormex-the Talcum pow
der seems finer and :,:,o clings bei:ter. Incidentally in a 1939 
report Hitchcock and Zimme1·man stated that an ingredient 
of controlled talc, soluble in chlo1·oform was found to be active 
when used on tomato plants. At that time they also 1·epo1·tecl 
that the principal action of the horn1one occL1rse within a 
short time, probably i11 many cases within 24 hours. I have 
been using Hormex fo1· the past two years and find it c1t1ite 
satisfacto1·y. 

Jiffy Grow, a liquid \Vith an alcohol base I ha,1e .i11st 
sta1·ted to use this past season and am therefo1· unable to 1·e
port conclusive results. This is also my 1st yea1· ,vith P1·olif
e1·ol. Rhizopan I bought whe11 I visited the ma1·velous nu1·
sery area at Boskoop Holland. Unfortunately I cannot read 
Dutch so I'm not su1·e what st1·ength I received in my one can 
for it comes in various strentghs so I hardly knew ,vhat I was 
doing with it. Chloromone, is a green liquid. Altho commend
ed by one prominent Jersey membe1·, I didn't find it too sat
isfactory. And the price of $3.00 for a small container seems 
too high for general commercial use. 

I have often wonde1·ed how long hormones in powde1· 
would remain effective. Fortunately D1·. Hitchcock of Boyce 
Thompson is still alive and so I wrote him. He answe1·ed,'' 
_t\.ltho the1·e is scant information about the lasting properties 
of commercial preparations, our results, (not all published) 
indicate that the low concentrations a1·e effective for 1-2 
years and the higher concentration powders for longer per
iods, up to 5 years. No doubt the concentrations have varied 
in commercial preparations but at the time we tested some 
of these powders it was evident that the most effective range 
in milligrams of indolebutyric acid per gram of fine talc we1·e 
respectively 2, 5 and 8 Mg/g. Dr. Hitchcock also sent me 
some of the papers of the investigations around 1940 which 
I brought along. Please do not take them they are the only 
ones I have. Boyce Thompson issues a catalog of all their 
publications,-they a1·e at Yonkers New York. 

I keep records of what I do>--and have some of them 
along too in case any member cares to discuss this sub.iect. 

My conclusions are that Hormodin deserves the #1 spot. 
The directions in each package tell which one of the three 
strengths to use on a wide variety of sub.iects,-and I believe 
that generally propagators have found it most satisfact,ory. 

The past two years I have also used Hormex-and this 
too has ,vorked well,-and there is one benefit,-i'c not only has 
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the three regula1· st1·engths,-the same as Ho1·modi11,-but 
also is sold in higher concentrations for harder to root st1b
.i ects. I think that Hormex costs less than other powders. 
I have a circular that shows their prices. 

I think I shot1ld mention that Eastman, Rochester, N.Y. 
sells basic chemicals for making your own hormone liquid mix
tures. I inqui1·ed about this a few )'ears back but felt that 
trying to work out the right method of mixing and using 
their chemicals was beyond me. However undoubtedly in this 
august gathering there probably are some ,vho use the East
man chemicals 01· might be inte1·ested in finding out about 
them. 

HUGH STEA VENSON: Ou1· 11ext SJ)eake1·, as ca11 l)e see11 
f1·on1 the p1·og1·am,, is Bol) Fleming. 

PHYSIOLOGICAL AND ANATOMICAL 
EFFECTS OF GIBBERELLIC ACID 

ON PLANT CUTTINGS 
ROBERT A. FLEMING 

Ho1·ticultural Experimental Station 
Vinelan,d Station, Ontario, Canada, 

INTRODUCTION 
Gibberellic acid has been tested in various experiments 

by many researchers with the purpose of determining its t1se
fulness in the field of horticulture. Much has been discov
ered with respect to the effects on the above-ground parts of 
plants. Little information was available in 1957 on the direct 
effect on root promotion as in the case of cuttings or root 
growth as it is affected by treatments with gibberellic acid. 
For this reason the following study was car1·ied out. It was 
conceivable, as in some ways gibberellic acid duplicated the 
response of plants to treatment with known auxins or plant 
hormones, that the material might also favorably affect root 
induction in plant cuttings. The effects of the known auxins 
were well established, toxicity levels were known, and the in
hibiting effect on root growth was known. Little informa
tion was available at the time conce1·ning this phase of re
search using gibberellic acid. From lite,rature available it was 
evident that gibberellic acid has a low toxicity rating. Re
sponses have been evident on plants with as little as one ppm 
up to and beyond 1000 ppm with no indication of in.iury with 
the exception that, at the high concentrations plant response, 
where evident, was more pronounced than at lower concen
trations. 

While much of the literature pertaining to increased 
growth after treatment with gibberellic acid, showed a de
crease in per cent d1·y weight of roots in relation to top, there 
is no i11dication that i11hibition has been the cause. Where 
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there is a definite increase i11 total plant dr}' ,veight, ,veight 
of roots is greate1· than i11 the check plots. 

DISCUSSION AND RESULTS 
In the treatment of softwood Forsythia and Ligustrun1 

cuttings ,vith Gibberellic Acicl, 110 beneficial results V.'e1·e 
found. At no time did Gibberellic acid treatment equal 01· ex
ceed the percentage 1·ooting 0£ the control cuttiP..gs with eithe1· 
species used. Indolebu: y1·ic acid with ligustrum cuttings 
gave a better percentage rooting at all but the highest con
centration used ( 120 ppm in solution) at which strength cut
tings were permanently in.] ured, many dying, the remai11de1· 
failing to root. In.iu1·y ,vas also noted at the 40 ppm le,,el, i11 
solution, using Gibbe1·ellic acid. Of interest is the fact that 
given further time in the propagating bench, treated lots of 
the 10 and 20 ppm Gibbe1·ellic acid in solutio11 eventually 
rooted to 90-100 pe1· cent. Of the two lots tested in this ,va}' 
with Ligt1strum at 10 ppm Gibbereilic acid i11 solt1tion the ex
tra time 1·equired fo1· maximum rooting ,vas 30 days; at 20 
ppm in solution - 25 days. No1·mal maximtim rooting fo1· 
control and Indolebuty1·ic acid t1·eatments 40 and 80 ppm, of 
the same lots was 27 days and 44 days respectively. A simila1· 
result was obtained in two lots of Forsythia. At the 10 ppm 
Gibberellic acid in solutio11 44 days were 1·el1ui1·ed fo1· maxi
mum rooting (85 % ) as opposed to 17 days fo1· the controls 
and I1ndolebutyric acid t1·eatments. At the 20 ppm Gibbe1·
ellic acid in solution (Indolebuty1·ic acid 80 ppm) the control 
rooted 100 % in 21 days. Both Gibberellic acid and Indole
butyric acid treatments required an additional 21 days fo1· 
100 % rooting. In this instance injury to the base of the 
cutting was obvious in the Indolebt1ty1·ic acid t1·eatment, 
rooting generally taking place at the node immediately alJo,,e 
the in.i ured portion. 

In Fo1·sythia 80 ppm Indolebuty1·ic acid in solution ap
peared to be the critical point. In the 1·eplicate lot of cuttings 
injury was such that 1·ooting failed to take place completely. 
At 120 ppm IBA in solution all cuttings were deacl or beyond 
recovery. 

At the lowest concentrations t1sed 10 ppm Gibberellic 
acid in solution and Indolebutyric acid 40 ppm in solution, 
maximum rooting was obtained in· all instances including the 
control. Ln the second set of cuttings using the same concen
trations Gibberellic acid treated cuttings had failed to root 
entirely at the time Indolebutyric acid cuttings had attained 
maximum rooting, but on resetting Gibberellic acid treated 
cuttings rooted to 85 % in an additional 27 days. 

At no time ivas the typical r·espon.c;e to Gibber·ellic acicl 
treatment appar·ent on cuttings of L1·gustrum r·e_qardless of 
concentr·ation used. In contrast to this semi-dormant hard
wood cuttings of Ligustrum set December 13, 1957 after treat
ment with 40 ppm Gibberellic acid in solution fo1· 24 hours 
showed the characteristic elongation of new shoots ,vithi11 
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sever1 days a11d sho,ved n1a1·ked elongation within two ,veeks, 
but failed to 1·oot completely. Softwood Forsythia cuttings 
failed to show the elongation 1·esponse at the lowest concen
t1·ation used ( 10 ppm in solution of Gibberellic acid) but 
showed mode1·ate elongation over cont1·ols at the 20 ppm con
ce11t1·ation a11d ma1·ked elongation at the 40 ppm concentra
tio11. • 

Where the elo11gatio11 occu1·1·ed 111 softwood cuttings root-
111g was decreased to a ma1·ked deg1·ee although tip to tl1e 20 
µpm co11cent1·atio11 1·ooting v.1as ca1·1·ied out to a satisfactory 
le,1el ( 85 'Y,)) afte1· 1·esetting ( 44 days as opposed to 17 days 
1·01· the cont1·ol and Indoleb11ty1·ic acid treatments). 

Hardwood cuttings of Fo1·sythia taken in February 1957 
a11d t1·eated ,vith a 10 ppm solution of Gibberellic acid for 24 
hou1·s showed ma1·ked elongatio11 of shoots within 7 da)'S 
fo1·1ned a goo:l callus pad at the base of the cuttings and in 41 
days had begun to develop a few 1·oots. Indolebutyric acid 
t1·eatment at 40 ppm in solution gave 100 % 1·ooting in the 
same pe1·iod, while cont1·ols had p1·oduced little callus and on
ly a ve1·y few roots. . 

Talc treatments using Gibbe1·ellic acid and Indolebutyric 
acid in concent1·~tions equal to those used in solution, failed 
to show any significant differences between treatments. This 
may be d11e possibly in pa1·t to the natural activity of talc and 
to the fact that concentrations of 1·oot inducing substances in 
talc a1·e usuall:ir much highe1· than those used in this experi
n1ent. Rooting was consistently good in all talc treatments. 
Gene1·ally Gibbe1·ellic acid treatments at the higher concen
trations (20 and 40 ppm in talc) had not reached maximum 
1·ooting at the time of removal of Indolebut)'ric acid and con
t1·ol t1·eatments, but maxi,mum rooting which was generally 
lower than IBA and cont1·ol treatments (75-85% as opposed 
to 95-100'Ya) was obtained within 7-10 days of other treat
ments. 

At no concent1·ation in talc was there any response in 
shoot elongation to Gibberellic acid t1·eatment. 

Microscopic examination of sections of fresh material 
t,aken at time of removal from the propagating bench showed 
no ir1·egula1·ities as to cell fo1·mation 01· arrangement. Primor
dia were evident on Gibbe1·ellic acid treatment lots as well as 
the control and IBA t1·eatments. Root primordia appeared 
no1·mal as compared with cont1·ols and IBA treatment though 
possibly not as well developed. 

Mic1·oscopic photographs of various treatments we1·e 
take11 of c1·oss sectional and longitudinal sections of the 1·oot
ed portion of stems of both Fo1·sythia and Ligustrum. No ap
µa1·ent diffe1·ences were visible between one treatment and 
another. Callus was no mo1·e abundant with one treatment 
than with another with the exception of hardwood cuttings, 
as already mentioned in which case callus was quite evident 
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on Gibberellic acid t1·ea'Lment while 1·oot de,•elopment is mtich 
less than in IBA treatment. 

Production of new roots is the most impo1·tant facto1· in 
the ultimate establishment of a cutting provided the cutting 
itself will 1·emain in a healthy functioning condition during 
the root initiation period. A count of p1·ima1·y 1·oots p1·oduc
ed, that is those originating di1·ectly f1·om the stem was made, 
and an ave1·age taken f1·om five cuttings. 

In no case, using talc as the ca1·1·ie1· was Gibbe1·ellic acicl 
superior in number of prima1·y 1·oots p1·oduced than eithe1· In
dolebutyric acid or talc alone. The ave1·age of totals of all talc 
treatments shows I·ndolebuty1·ic acid as good as 01· bette1· than 
other treatments in both Forsythia and Ligustrum ,vhile Gib
berellic acid t1·eatment average is lowest in both species. 

In solution treatme11ts using Ligust1·um, in one case Gib
berellic acid treatment at the 40 ppm level did give more pri
mordia produced but the average was not consistent, as the 
1·eplicate showed Indolebutyric acid ,vith the higher level of 
primordia produced. In Forsythia in the treatments using 
80 ppm IBA and 20 ppm Gibberellic acid, Indolebuty1·ic acid 
treatments produced many mo1·e primary roots than eithe1· 
check or Gibberellic acid t1·eatment. In ave1·age of total p1·i
mary roots p1·oduced, I11dolebutyric acid treatments in the 
case of Forsythia shov.1 much Ja1·ge1· figt1res than either check 
or Gibberellic acid t1·eatment. 

SUMl\'lARY AND CONCLUSIONS 
Treatment of softwood cuttings with Gibbe1·ellic acid as 

relatively dilute concentrations ( 10-20-40 ppm) failed to p1·0-
duce a rooting response as compa1·ed with cont1·ols 01· dilute 
concentrations of Indolebutyric acid ( 40-80-120 ppm). 

Forsythia cuttings we1·e slightly inju1·ed at the 40 ppm 
concentration in solution of Gibberellic acid and the 80 ppm 
solution Indolebuty1·ic acid. 120 ppm concentration of Indole
butyric acid was highly injurious to both Forsythia and Ligus
t1·um. 

The elongation of shoots, no1·mally associated with Gib
bere11ic acid treatment was not evident in any treatment of 
Ligustrum. At the lowest concentration (10 ppm) Forsythia 
showed no respose. At the highe1· concentrations 20 and 40 
ppm, elongation of the growing point was evident and most 
pronounced at the highest concentration. 

Both species 1·esponded by inc1·eased shoot g1·owth when 
ha1·dwood cuttings were used. 

Due to the varied 1·esponse of plants to t1·eatment with 
Gibbe1·ellic acid it can be stated only that Forsythia 'Spring 
Glo1·y and .Ligust1·um o,,alifolium are not beneficiallv affected 
as to 1·ooting response by treatment with Gibbe1·ellic ·acid. This 
information supports previous work by Marth, and would 
lead to a generalization that treatment of plant cuttings with 
Gibberellic acid has no effect on the rooting ability of the 
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cutting and in son1e instances may show definite inhibition. 
HUGH STEA VENSON: Our next speaker doesn't need any 

int1·oduction. Bill Snyde1· has been mixing up some hormone 
formulations that may become as popular as the Gibson. At 
Rutgers he is known as s}·ne1·gism Snyde1·. 

HORMONE-FUNGICIDE COMBINATIONS IN ROOTING 
WILLIAM E. SNYDER 

Ue11a1·t·1,1erlt of H 01·ticultu1·e arld /< '<1J·e,'lt·1·'!1 
R1.tt,qe1·s, the State U rlive1·,'l·ity 

Ne·1v B1·unsivick, N. J. 

1'he p1·opagator's search fo1· chemicals to imp1·ove the 
1·ooting of stem cuttings has been di1·ected primarily along 
two lines: fi1·st, chemicals which increase the rooting re
sponse itself;· and second, chemicals which reduce the incid
ence of disease in the propagation bench. 

With the discovery, in the mid-1930's, of the stimt1lating 
effect of indoleacetic acid and related compounds on rooting, 
it was hoped that successful 1·ooting of all stem cuttings would 
be relatively easy. Such a naive idea, however, was soon ex
JJelled fo1·, as was soon learned., the cuttings of many plants 
1·emained difficult to 1·oot even when t1·eated with these chem
icals. 

There are nume1·ous facto1·s which contribute to a possi
bility of disease in the p1·opagation bench. The use of soft, 
succulent plant tissue, the frequent presence of systemic dis
eases within the stock plant, the everpresent spores of fungi 
on the plant, in the ai1· and the medium, the use of warm, 
humid conditions which are equa1ly suitable for growth of 
both fungi and 1·oots, and even the dipping or soaking meth
ods frequently used to apply root-inducing chemicals to the 
cuttings - all of these pose a potential th1·eat to successful 
1·ooting of cuttings. 

It was only logical that investigations would be made in
volving the incorporation of a fungicide with the root-induc
ing chemical treatment. 

In 1941, Grace (5, 6) and G1·ace. and Fa1·rar (7) added 
nut1·itive salts and an organic disinfectant, ethyl me·rcuric 
bromide, to the talc containing indolebutyric acid. Their data 
sho,v that the disinfectant resulted in an increased rooting 
1·esponse with some plants ( Coleus, Chrysanthemum and 
Deutzia), no effect with some plants (Symphiocarpus, Loni
eer·a and Taxus), but with an increased mortality of at least 
one plant (Weigela). 

Geranium and ca1·nation cuttings are especially suscepti
ble to fungus diseases. White (15) has shown that ferbam 
(ferric dimethyldithiocarbamate)., sold as Fermate, Chro
mate, Ferberk; etc., used either alone or in combination with 
a 1·oot-inducing chffinical not only significantly reduced the 
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cutting and in son1e instances may show definite inhibition. 
HUGH STEA VENSON: Our next speaker doesn't need any 
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HORMONE-FUNGICIDE COMBINATIONS IN ROOTING 
WILLIAM E. SNYDER 

Ue11a1·t·1,1erlt of H 01·ticultu1·e arld /< '<1J·e,'lt·1·'!1 
R1.tt,qe1·s, the State U rlive1·,'l·ity 

Ne·1v B1·unsivick, N. J. 
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eer·a and Taxus), but with an increased mortality of at least 
one plant (Weigela). 

Geranium and ca1·nation cuttings are especially suscepti
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numbe1· of dead 01· 1·ooted ctittings, but also inc1·eased the pe1·
centage of healthy cuttings which rooted. Other wo1·ke1·s have 
also 1·eported beneficial effects of adding ferbam to the chem
ical treatment, for example: Chamaecypa1·is La,ivsonian Al
lumi by Newton and Lines (12) ; Taxus cuspidata and VilJit1·
rium tomentosu1n by Snyde1· ( 13) ; ca1·nation by Mt1rakishi 
and Hend1·ix (10) ; and cyp1·t1s, tama1·ix, sequoia and English 
holly by Newton (11). 

In a study of cont1·ol of Plio·11iop1,·i:; ca11ke1· i11 ga1·de11ia, 
Davis (2) placed disease-free cuttings i11 Pho·11iopsis-infestecl 
sand which had bee11 mixed with fe1·bam at 1·ates of 1/1 to 2 
pounds of dry powder· per 100 pounds of sand. The cuttings 
1·emained f1·ee from Pho'lnopsis, howeve1·, the highe1· concen
trations of ferban1 gave a slight, tempo1·a1·y 1·etardation of 
1·oot elongation. 

P1·obably the most spectacula1· 1·esults with fe1·bam have 
been reported by Tinley with the 1·ubbe1· plant (Hevea b1·a,'iil
iensis) (14). 'freatments with indolebutyric and naphthalene
acetic acids were not effective in stimulating 1·ooting. Mix
tures containing 75 % ferban1 and 25 o/o talc, however, i11-
creased the rooting of one clone (BRIM 501) f1·om 10 to 70 o/o 
and of another clone (PB 86) f1·om 78 to lOOo/u. Other fun
gicides tested, including zeram, pa1·zate and manzate, were 
less effective than ferba-m. 

Two closely related mercu1·ic mate1·ials used as seed dis
infectants ( Ce1·esan and Semesan) we1·e 1·epo1·ted to be llet1·i
n1ental to 1·ooting by Newi:on and Lines (12). 

Dichlone (2,3-dichloro-1,4-naphthoquinone), sold as Phy
gon, ,vas t1·eated bJ' Doran on cuttings of a wide 1·ange of 01·
namental plants (3). Cuttings treated with a 1·oot-inducing 
chemical and dichlone 1·ooted better than unt1·eated cuttings 
and, with a number of the plants tested, a combination of the 
growth 1·egulant and fungicide gave superior results to 
t1·eatments consisti11g of either of the mate1·ials used alone. 
A beneficial effect of dichlone has also been 1·epo1·ted fo1· 
cacao cuttings by Alvin and Du1·ante (1) and Mo1·a (9) and 
fo1· olive cuttings by Ha1·tmann (8). 

Thi1·am (tetramethyl thiuram disulfide), sold as A1·asan, 
Tersan and Thylate, has also been used effectively ,vith 
Chamaecypa1·is Laiusoniana Allunii (12), carnation (10), and 
cyprus, ta.marix, sequioa and English holly (11). At Rutgers, 
we have been using a mixture consisting of equal pa1·ts of 
thi1·am (75% active) and Ho1·modin No. 3 with algin as a 
suspension agent. Rooting of a wide 1·ange of flo1·ist and 
11u1·se1·y c1·ops has been equal to or superio1· to the use of pow
dered 1·oot-inducing t1·eatme11ts. Ot11· ct1ttings have bee11 1·e
n1a1·kedly f1·ee of disease and 1·otting. 

Captan ( n-trichloron1ethylmercapto-4-cyclohexe11e-l, 2-di
cai·boximide), sold as Captan and Orthocide 58-W, mixed in 
the rooting medium at a rate of 100 to 150 grams per cubic 
meter or added to a powder containing 1 % indolebutyric acid 
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has been 1·eported to improve the rooting of gera11ium cut
tings ( 4). 

The most extensive tests with fungicicles in combination 
with root-inducing chemicals have been made at the Boskoop 
Experiment Station. The repo1·ts of these tests are contained 
in the Yearbooks for 1961 to 1965 in several articles prepared 
by Van Doesburg, Va11 Elk and Ravensberg (16-30). Cut
tings of approximately seventy-five species or varieties of 
ornamental plants have been treated with growth regulato1·s 
and fungicides both alone and in combinat.ion. The two fun
gicides used we·re captan and ferbam. 

In these tests, conifer cuttings we1·e soaked for 24 hours 
i11 the ho1·mone solution and the11 dipped or dusted with the 
fungicides diluted with talc. Other cuttings we1·e dipped or 
dt1sted with talc mixtu1·es containing both the growth regu
lato1· and the fungicide. When used as a dusting on the base 
of the cuttings, the concentration of captan was 25 'Yo and of 
ferbam, 40 % . Concentrations of 5 'Yo captan and 4 to 5% fe1·
bam were used for dipping. 

Although the rooting percentages and root 1·atings fo1· 
some of the species show va1·iation f1·om year to year, in ge11-
eral, the combinations of g1·owth 1·egulator and fungicides 
have given comparable or better 1·esults compared with treat
ments of the growth regulato1· alo11e. 

Based on the data presented in this series of reports, the 
following plants have shown the greatest response to the com
bination treatments: 

C 01·nus alba sibi1·1:ca 
Lal)il1·num W ate1·e1·i vossii 
Lonicerra bro1vnii fuchsioides 
Rhoclodendron: 'America', 'Pink Pearl' and 'Van Wee1·-

den Poelman' 
Chamaecypa1·is Lawso1iianc1.: 'Naberi' and 'Stewartii' 
C. nootlcatensis: gZauca and pendula 
C. obtusa: filicoicle.<s, lycopodioides and tet1·angana au1·ea 
Jiin.iperus chinensis: Ketelerri, Pfitzeriana.. Pfitzeriana 

aurea and 'Skyrocket' 
J. 1!i1·,qiniana: Canaertii, Hill ii and ])Jt1·am.irlif orn1.i.c; 

Hill ii 
Tsuga canaden.c;is pen.cliila 
T. chin(31/isis 

In a recent communication, Dr. D. Dorsman, Director of 
the Boskoop Experiment Station stated: ''At the moment we 
only advise captan dust ( dipping) powder for conifer cut
ings. The spraying powder seems too strong. Also with 
ferbam the number of rooted cuttings is not enlarged on long 
term." 

The Hormo-Root series of commercial products now co11-
tain 15 <;,, thirma (tet1·amethyl thiuram disulfide), howeve1· 
at this time neither the Ho1·modi11 nor the Rootone se1·ies have 
i11co1·porated a ft1ngicide. 
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What, then, is the status of mixtures contai11ing 
cides and growth regulants fo1· 1·ooting cuttings? 
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1. Most of the currently available fungicides have been 
tested. Dichlone, captan, thiram, and ferbam ha,,e 
generally been superio1· to other fungicides. . 

2. Although the use of these ft1ngicides in combinatio11 
with root-inducing chemicals have given somewhat 
variable responses, many species root as well as 01· bet
ter than when treated with only a 1·oot-inducing chem
ical. 

3. Use of high concentration of the 
deleterious. 

fungicides • 
IS 

4. With some species, treatment with the fungicide 
apparently results in the stimulation of rooting. 
sults with combinations suggest that the1·e may 
synergistic effect in some plants. 

ofte11 

alone 
Re

be a 

5. The use of a fungicide in the powder treatme11t cannot 
take the place of good cultural practices, such as the 
use of disease-f1·ee stock, sterilization of the cutting 
knife and the medium, and careful maintenance of the 
propagation st1·uctt11·e and envir·onment. 

REFERENCES CITl~D 

1\lvim, I' tic ·r ;111<1 0 !)11,11 te 1954 ('l'he be5t grow1l1-s11l>,ta11cc for11111l,1-
tions fot· the 1otiti11g of c:nr,10 c11tt1ngs) Proc J/ Jfe111111,11 Co111 t<'r 
/11tera1ner. Cacno 1 1-12 
Davis, Spe11ce1 H 1954 Co11t1ol of J>J,1,rr111/1115 c,111ke1 of ga1de111,1 111 tl1c 
c11tt1ng-bench a11<l 011 n1at111e pla11ts P/1yt<1J1nt/10/111,ry 44 109-110 
Doran, \\7 L 19~2 Effects c,f t1e,11111g c11tt111gs of ,vootl)' pla111, ,v1tl1 
both a 1oot-i11cl11c111g s11l1s1a11ce a11cl a f1111g1c1cle }'11,r A1ne1 .~or /-/111/ .~c, 
60.487-491 
Gjaeri11m, H. B 1963 (Tak111g ct1tt111gs of ge1an111ms Tl1e 11,e ,,f cl1e111-
icals 111 the r'OOt1ng med111111) (;n, te11e1yeket 53 942-945 
Grace, N. H 1941 Effects of l,tlc d11,ts conta1n111g pl1ytoho1n1011c, 1111111-
ent 5aJts a11d a11 01·ga11ic me1·c11r1al d1s111fectant 011 tl1e 1ooti11g of he1 liaceo115 
c11ttings Cn11. Jo11r Re5 19(C) :177-182 
--------·-------------·-------• 1941 Effects c,f pot,1ss111111 ac1cl pl1c>spl1a1e, cane 
s11gar, ethyl me1c1111c bo1111ic.le a11cl i11c.lolylacet1c acid 111 ,t 1.1lc c,1r11c1 c,11 
tl1e 1oot1ng of ste111 c11tt1ngs Cr,,, /0111· Re,. 19(C) 99-10"1 
·-------------------·--·----·--- a11d J. L Far1a1· 1941 Effect5 c,f talc c.l11,t, c11111a111111g 
phytol101·mc,11e, 1111t1·ie11t 5alt5 a11c.l a11 01 ga111c 111e1c1111al <lt5111fect,111t c,11 tl1e 
rooting of do11n:111t ·r,1:..11s c11tt111gs Ca11 Jou1· ]{es 19 (C) 21-20 
Ha1tman11, H 1· 1954 Leafy Sev1ll,115 ,,Jive cu1ti11gs Calif. Ag11r 8(',) :(i 
16. 
Mota, C LA 1950 (S1t1cl1es ,,n tl1e best 1111xt111cs ,,r g10,vtl1 s11JJ5ta11cc, 
for rooting cacao c11tt111gs) Agro 1 (I (41) 49-57 
l\•lu1akish1, H a11d J \\7 l-le11d1 ix 1950 "J'J1e effect ,,r g1-o,vtl1 s11li,ta11c·es 
and f1111gicides 011 the tooting a11,I s111v1val of c:1r11,1t1011 c11t1111g g1t>w11 111 
11,,tt11ally infested 101I Proc. A111e1 .Soc l-lo1t .~c, 56 485-489 
Newto11, \,V 19r,2 Effects of tl1e ;1ppl1cat1011 ,,f f1111g1c1cle, t'<> ,vo1111<lecl 
pla11t t1,511e .Sci Ag,·zc 32 659 662 
·--·-··-----·•··-------------··· a11d C J L111es 1948. l'he 1 ciot111g of C)'IJt e;s a11cl rc,,c 
c11tt111g, .is 1nfluc11cec.l by ,\1·,1,a11, Fet 111atc a11cl Spe1 gon :tnd eacl1 f1111g1c1clc· 
i11 coml>111ation w1tl1 11aph1haleneace11c acid Sc, Ag11c 28 574-',76 
S11ytler, W1ll1a111 I, 1949 Rc,p<>11se ,,f ~t1tt111gs c>f '/'a'l.111 c115p1<l,1ta to t1cat
mc11ts co11t,11n1ng pc1wclc1ccl g10,vtl1 1eg11l,11,,1 a11<l fe1111atc ,,,,,c A1111:1 . • ,·,,c. 
T-101 I .Sri [,,1 50t.l-504. 

270 • • 

' 



14 

15 

1 Ii 

Ii 

18 

19 

'J'111ley. G H l9(il. Effect of lert ic <l1111ethyl<l1tl11oca1 ba111<1te on tl1e 1oot-
i11g of c11tt111gs c>f Hevea /11as1/1e11,11, Nat11re 191.1217-1218 · 
White, Harc>lcl E 1946 t·ermate and its effect 011 root111g of geranium cut-
ti11gs Proc. A1ner 5'oc. Hort Sc1 47 522-524 
Va11 l)oesb11rg, J 1961 l'roeve11 n1et Winte1 ~tel,, 
11/J/)I 1/1' //()/)JJl//1111'/11'11/, J>p 22-28 
-------·---------- ____________ 19<il SteJ..p1c>c,•c11 ]11t11/111c·l1 /'111ef1/11/11111 11111>1 rle Rn11111-

k111eke11j pp 29-38 
------------•---------------·--- 1962 l'roeve11 n1ct \V1nte1·stek j,1,11 l1c1ek P1 oefstat,011 

voo, de B00111k1veker17. pp 24-33 
---•---•----·---··---·----·---- I 962 Stekp1oeven ja111 /,oe/i Proef,tat1on 1100d de Boom-

k111eke11j. pp 37-51. 
2(1 -------------------------------- a11d R. C ~[ va11 Elk. 1963 P1oeve11 111et \V111tc1·stek 

Jan1/1oek P10Pf1tat1011 11<>01 de /loc>1nk1veke111 pp 26-32 
_________ -------·---·---------- a 11cl ··----- _____________ ·------- 1963 Stekprocvcn J aa1 bnrk P, O· 21 
ef,111/1011 1101>1 1/e /Jn111;1k1veker1j pp 34-47 
--- ··----·---·---·------·- .. , __________________ --------·· ;111cl K Ra,•c11,be1 g 1963 Stekke11 on-
cler Watc111evcl jaa, /1nek Prnefsta/1011 vnn1 de Ro,1111k1,1ekerzj pp 47-54. 
Va11 l)oesl>111 g. J a11cl K Raven~be1·g I 9(i3 StekJ..e11 ,,11rle1 \\'a1e1 nevel 
jaa1/1nrk Prnpfst,1/11>11 11nr11 de llo11111k1,1eke111 pp r,J-66 
Va11 Elk. R C ~1 19(>4 l'1oe,•e11 met \\'111te1,tek /11t11/1nek I'1nt'f1/at1n11 24 
11nn1 de Jlr1n111k1vPl1e11j pp 24-30 

25 -------·--··----··------··· ___ . I 964 St ekp1·ocve11 
k1,1pke11 j pJ> 32-41 

'>(' - ) 
_________ ____________________ _ I 96r, l' 1 oeve11 111 ct \ V 111 t e1 , t ek 
111101 de Jlnn111k1vPke117 pp 27-35 
________________________ ··----- 1 965 Het Stck ke11 ,,a 11 1\1 et aseq 1101a '/ aa, /11>Pk P, oef; /11-

28 
/ 11>11 11nn1 de Jlno111k1,1eke117. pp 3r,.31;, 
___ ··-----·- -••--·•---------- I CJ6!i Stekp1 oeve11 /n,11 /11,ek P1c><'[,t11/1n11 11,11>1 de llnn111-

//11 1('kt'I 1j pp 36-4!i. -
··-----------·--·--------··-----· 1%!i Ve1wa1 n1111g ,•,111 clc StcJ..liak /11n1 /1nf'k P, nef.,ta-

/1n11 11111>1 de Rr1n111k1,1e/1e11j pp 45-48 
------·-------------··------ __ . 1965 T, jclst1 ppe11p oe1 
P1nef1/ntin11 rlt' /lnn1nk111el1er1j pp 48-51. 

111ct C:0111 fe1 c11,tek 

A LIST OF FUNGICIDES WHJCI-I HA VE BEEN USED 
IN COMBJJNATION WITH ROOT-INDUCING CHEMICALS 

1. CAPT AN (n-trichloromethylme1·capto-4-cyclohexene-1, 
2-dicarboximide) 

Sold as : Ca ptan 
Orthocide 58-W 

2. DICHLONE (2,3-dichloro-1,4-naphthoquinone) 
Sold as : Phygon 

3, FERBAM (fe,rric dimethyldithiocarbamate) 
Sold as: Fermate 

Kar barn-black 
Chromate 
Niagara-carbamate 
Ferbe1·k 

4. TH/RAM (tetramethyl thiuram disulfide) 
Sold as: Arasan 

Tersan 
Thy late 
Spotrete 

5. ZERAM (zinc dimethyldithiocarban1ate) 
Sold as: Zerlate 

Karbam-white 
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6. 

7. 

8. 

ZINEB (zi11c ethylene bizdithioca1·bamate) 
Sold as: Parzate 

Sold as: 
-

Sold as: 

Dithane Z 78 
(tetrachloroquinone) 
Spergon 

( closely related me1·ct11·y com pot111c1s) 
Ceresan 
Semesan 

MODERATOR STE.\ VENSON: Do v,re have a11y l{tlestions fo1· 
the four previous speake1·? 

FLOYD FITTS: lVIr. McGui1·e, is11't Ca1·bo,vax 400 a solicl 
at room temperatt1re? 

JOHN McGUIRE: No, .the highe1· n11n1be1·s a1·e solic1, this 
one is a liquid at 1·oom temperatu1·e. 

MODERATOR STEA VENSON: 0111· next speake1· is w alte1· 
Peffer, one of our old and faithf11l meml)e1·s, ,,,ho T !)elie,,e at
tended the fi1·st meeti11g of the Society. 

GROWING RHODODENDRONS WITH THE AID 
OF MERCURY VAPOR LIGHTS 

\\T_A.L'fER PEFFER 
Level G1·een Nu1·sc1·1,,1, Tr·af fo1·cl, Pa. 

Easte1·r1. Slio1·e J...7u1·se1·11 of Va., Inc. Kelle1·, V(i. 

During the past five years I have expe1·imented with ,1a1·
ious methods and systems fo1· growing Rhododendrons i11 the 
greenhouse with the aid of artificial light. 

In October 1965 I purchased a ne,vly developed 100 ,vatt 
Westinghouse Viscount Mercury Vapor Light, no. 890D569G33, 
for experimental purposes. The Me1·cu1·y Vapor Light, ac
cording to the electromagnetic spectrt1m consists of 20 o/o ultra 
violet rays from bactercidal of 2.500 angst1·om units through 
the erythemal and black light to 3,800 angstroms. These 1·ays 
do not produce ene1·gy. The 1·emaining 80 o/o of light ,vhich 
is energized are the visible rays of 3 800 to 5,800 angstroms. 
From this information it can be concluded that the mercu1·11 

light contains more natu1·al sunlight than any other artifici
al device. Infrared rays are present in small quanities. 

Mercu1·y Vapor Lights of higher intensity are also avail
able, for example, Westinghouse no. 890D569G43 175 watt 
and no. 890D569G53 250 watt. 

The plastic shield which is included with the lamp was 
discarded and an aluminum cone shaped shield was fabricat
ed. This shield was placed in p1·oximity to the rafters of the 
greenhouse in order to give a unifo1·m dist1·ibution of light. 

A ¼'' rope was fastened to the fixture, drawn through a 
pulley which was anchored in the apex of the greenhouse, a11d 
the11 taken do,vn a 1·afte1· to a holdi11g device at the side of the 
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house. By raisi11g ::111d lo,ve1·i11g the 1·ope, the lan1p ca11 be set 
at different positions. Light meter readings were taken at 
various settings to determine the most effective concentration 
of light at bench level heights. 

Di1·ectly unde1· the light, 41/2 ' f1·om the plants to the base 
of the light 35 foo'c-candles of light ,ve1·e observed. From this 
point horizontal readings \\'e1·e taken in one foot inte1·vals to 
a distance of eight feet (half the with of the greenhot1se) 
whe1·e 15 foot-candles we1·e observed. 

Approximately 1000 Rhododendrons were g1·own with the 
aid of the Me1·cury lamp. Varieties grow11 were; Roseum Ele
gans, Catabiense G1·andiflora, Eve1·estianum, Album Novum 
Nova Zembla, and America. The 1·eds were slower to 1·espond 
tha11 the othe1· va1·ieties. 

In the fi1·st week of Septembe1· 1965 and in 
Rhododend1·ons cuttings we1·e propagated in the 
ner and others placed t111der the Me1·cury lamps. 
in the latter grot1p not only rooted faster bt1t also 
1·oot structure. 

1966 some 
usual ma11-
The plants 

had heavie1· 

Rooted Rhodode11d1·ons ,vere transpla11ted in the g1·ee11-
house the first week of December and the lights we1·e i11 op
e1·atio11 from 8 P.M. to 5 A.M.; the lights a1·e contr·olled by a 
pot1ltry house time1·. 

Th1·ee ,veeks afte1· t1·ansplanting activity was noted i11 
the leaf buds, especially i11 the twelve foot circle di1·ectly u11-
der the light. One ,veek late1· the 1·emaining plants in the six
teen foot diamete1· began to g1·ow. Two weeks late1· the1·e was 
11oted plant growth at the ends of the benches whe1·e 8 foot
candles of powe1· ,vere 1·eco1·ded. 

I11 summarization the advantages of the Mercury Vapo1· 
light a1·e: 

1. Simple and safe installation. The hazza1·d of possi
ble shock through use of wires required i11 fluorescent and in
candescent lights is eliminated. 

2. Single lights can be mounted to cove1· 16' width and 
24' cente1·s between lights for the length of the g1·eenhouse. 

3. Economical; 100 watts can produce the sa,me rest1lt8 
as 1200 watts used i11 combination of fluorescent and i11can
descent lighting. 

4. Plants seem to have more bud breaks, better color, ancl 
11ormal elongation. 

5. Airbourne bacteria is destroyed by the low light wave. 
In order to arrive at a true evaluation experiments are 

now in progress using various types of lights, including the 
Me1·cury light. 

I have in my pos8,ession an Elect1·omagnetic Spectrum 
chart which shows complete graphs and colors of all types of 
lights and \\'ill be happy to discuss any technical details with 
any one i11ter·e8ted at the close of this afte1·noon's session. 
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HUGH STEA VENSON : You've heard your next speaker 
befo1·e and he was so good he was asked to come back again 
this year. Dr. Harrison Flint. 

TESTING LANDSCAPE PLANTS FOR HARDINESS 
IN VERMONT'S CLIMATIC ZONES' 

HARRISON L. FLINT' 
Depar·tmerit of Plarit and Soil Sc·ience 

Univer·sity of Ver·mont 

This prog1·am was started i11 1962, sho1·tly afte1· I ar1·ived 
at the University of Vermont. At that time it was appa1·e11t 
that one of Vermont's greatest horticultural needs was n1ore 
accurate information on the hardi11ess of some of the bette1· 
landscape plants. A testing program started at the Unive1·
sity of Ve1·mo11t ten years ea1·lier had been carried 011 acti,,ely 
for three years., and then had lain dormant becat1se of a pe1·-
sonnel change. ' 

Fo1· such a prog1·am to be of value to the 1na_jority of 
people in the state, it was necessary to test not only at the 
University of Vermont (in the Lake Champlain Valley) but 
in other pa.rts of the state as well, since Vermont includes a 
1·ange of ave1·age an11ual minimt1m tempe1·att11·es from -10 to 
-15° F. in the southeaste1·11 cor11e1·, to -30 to -35°F. in the 
11ortheastern corner. 

Fortunately, quite a number of species had been observ
ed previouly in Vermont, due to the efforts of local nt1rsery
men and other people willing to experiment ,vith new plants. 
Additional info1·mation was available from a1·boreta in othe1· 
areas having a climate at least roughly simila1· to that of Ver
mont, in,cluding the Arboretum of the Canada Departme11t of 
Agriculture in Ottawa, the Montreal Botanical Garden, the 
George Landis Arboretum, and the University of Minnesota 
Landscape Arboretum. Information from such sources nar
rowed the selection of test species and enabled us to incl11de 
species whose hardiness was most in doubt. 

Cooperators were selected by invitation, to insure a good 
sampling from the hardiness zones in question. In the spring 
of 1963, the first plants were distributed. From the beginning 
of the program until July 1, 1966, approximately 2800 indi
vidual plants were distributed for trial. These represented 
157 taxa, and were distributed to a total of 43 cooperators. A 
list of taxa, including the number of cooperators testing each 
and the number of plants under test, is available from the 
at1thor. 

Most of the plants distributed were propagated at the 
research greenhouses of the University of Vermont and were 
grown outdoors in pots to a size where they could be planted 
in final location. During this time they we1·e over-wintered 
1Un1vcr..,1ty of Vcr1no11t Agr1.:ulturnl ExpL-r1n1rnt St,llttlll J(lll1nal A1t11 .. le No 174 
2l)rts~11t addtLSS A111ol<l Arbo1ctu111, Jan1..11c I l}l,1111, M,iss.tcl1usctts 
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in a frost-f1·ee g1·eenhouse to elimi11ate any possibility of v\1i11-
ter da.mage before distribution. Most v\1ere distributed when 
they were well-established in a one-half or one-gallon size pot. 
Plants were distributed in late spring to allow them nearly a 
full season in which to grow and become established befo1·e 
the first winte1·. Since many coope1·ato1·s did not have nu1·
sery facilities it would not have been practical to use smalle1· 
plants. 

Each winter a checklist of available plants was sent to 
the cooperators, who then checked those they were interested 
in testing. Distribution lists ,vere prepared from the re
sponses. In this way, once the cooperators we1·e selected, the 
entire p1·ogram was kept on a voluntary basis. Cooperators 
were not asked to prepare written reports. Instead, Unive1·
sity personnel made observations annually at the time nev\' 
plants were distributed. 

One of the secondary benefits of this kind of wo1·k is that 
those engaged in the field work have an opportunity to ob
serve existing landscape plantings in the hardiness zones i11 
question. The comments below are based more upon obse1·
vations of existing plantings then upon results of the tests in 
this p1·ogram. Obviously, a program so young cannot have 
had enough time to furnish much reliable information. l\1ost 
of the results will be be seen in following years. Hardiness 
zones designations following each plant description are those 
cur1·ently recommended in Vermont', and a1·e st1b.i ect to revi
sion as the 1·ange of useful hardiness of some is extended into 
colder a1·eas. 

SLIDE PRESENTATION: 
I. Py1·acantlia 'Kazan' When I first ar1·ived i11 Ve1·mo11t, 

the last plant I1 expected ever to have use for again was Py1·a
cantha. Then I made a visit to Gardenside Nurseries at Shel
burne, Ve1·mont, south of Bu1·lington, and found a plant of 
Py1·aca·ntha 'Kazan' that was considerably taller and wide1· 
than I am. Some of the staff of the Arnold Arboretum had 
thought for· some time that this cultivar might be hardie1· 
than most. "re propagated it and distributed more than t,vo 
hundred plants to Ve1·mont nt1rseries. To dat.e it has done well 
in almost e·very location. Zone 4B. Other cultivars of P11ra
cantha have not been tested. Perhaps some of these will be 
found equally useful. 

2. Euon111nus alata is known to be exteremely hardy and 
is a fine shrub for fall and ,vinter interest. Zone 4A. The 
point here is that the compact form, Euonymits alata 'Com
pacta', is considerably less hardy than the species. In cent1·al 
Vermont (Zone 4A'), this plant is killed back every year -
in some years nea1·ly to the ground. 

3. Elsholtzia stauntonii is killed to the ground every wi11-
ter in Ver·mont but this doesn't keep it from heing a useft1l 
1U S D A J>iJ.Ilt H.11d111c:.s Zone Ma1) 
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and interesting plant. A membe1· of the mist family. Elsholt
zia has the fragrant foliage that one would expect, and the 
happy habit of waiting until September to flower. Because 
of winter damage it remains a low shrt1b - not a disadvant
age today. Zone 4B. 

4. Pr·unus 'Hally Jolivette' is one of the best a11d ha1·diest 
flowering cherries. While this plant is not as showy as son1e 
of the J apa.nese flowering cerries, it holds its flowers much 
longer. When the first flowers to open have passed, there are 
still unopened flower buds on the plant. In Burlington, the 
plant is reasonably showy for 2 to 3 ,veeks. Zone 5A. 

5. Vibitrnur>i fr·agrans is both a surprise and a pt1zzle. 
This plant has long been considered none-too-hardy in parts 
of southern N e,v England and it is especially prone to late 
spring frosts because it flowers so early. But it has bee11 
gro,ving and flowering very well in Shelburne, Vermont. It 
has now been distributed to many other parts of the state and 
will bear watching further as time goes on. Appare·ntl)' one 
important factor in its success is that it must be planted i11 
perfectly drained soil. Zone 5A. 

Viburnum species known to be fully hardy in Vermo11t 
include: V. acer·ifolium, V. alnifoliurn, V. cassinoides, V. deri
tatum, ir. laritaria, V. lenta_qo, V. opulus, V. pritnifoliitm, and 
V. tr·ilolJum. Others hardy in all but the coldest parts are: 
V. bitr·kivoodii, V. car·lesii, and V. sieboldii. More than 40 spe
cies and varieties of VilJur·n·um are currently under test at the 
University of Vermont. 

6. Rhododendr·on calendulaceum and some of its hybrids 
are proving hardy in central Vermont. Zone 4 B. 

Other azaleas that are ha.rdy in the coldest parts of Ve1·
mont include three natives: Rhododendr·on canadense, Rhodora, 
Rhododendron rose1t1n, Roseshell Azaleas or Mountain Pink, 
and Rhoclodendr·on 1Jiscosum, the Swamp Azalea. Others that 
are hardy in all but the very coldest parts of the state include 
Rhododendr·on japonicitm and Rhododend1·on nudiflorum. Still 
others that have proved useful in the mildest parts of Ver
mont include Rhododendron lco.<;terianum, Rhododen,dr·on vase11i 
and Rhocloclendron schl·ippenbachii, although the latter fre
quently loses its flower buds to spring frosts ~ven in the 
warmer parts of the state. 

7. Pyrus calleryana 'Bradford' has been very successful 
in the Chaimplain Valley thus far, although the oldest plants 
observed a1·e between 10 and 15 years old. It appears that 
this may be .i ust as fine a small shade tree in Vermont as it 
has been reported to be farther south. Zone 5A. 

8. Acer ginnala is one of the hardiest small trees. It of
ten takes a few years to begin to assume its interesting round
headed shape, but when it does, it is outstanding. Both its 
form and the red color of its fruits are quite variable among 
individt1al plants, but all that we've seen have good scarlet fall 
foliage. It ,voulcl p1·obably IJe t1seft1l to select ot1tsta11di11g 
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va1·iant fo1·ms and p1·opagate them vegetatively - this maple 
is easily p1·opagated bj' cuttings. Zone 3 B and colder. 

9. Casta1iea molliss·ima, the Chinese chestnut, has bee11 a 
topic of conve1·sation among plantsmen in 1·ecent j'ea1·s, since 
it and its hyb1·ids are expected to be the sou1·ce of futu1·e 
edible chestnuts in this count1·y. G1·ov.1ing seasons ir1 Ver-
111011t a1·e seldon1 1011g enough to allo\v 11uts to matu1·e. How
eve1·, this does 11ot det1·act f1·om the 01·namental value of the 
t1·ee, a11d we may see it used mo1·e i11 the wa1·n1e1· pa1·ts of the 
state. Zo11e 5 B. 

10. Clad1·astis lutea. This Ame1·ica11 11ative has l)ee11 t1·iecl 
ve1·y little in nor.:her11 New E11gla11d but has been pe1·fectly 
ha1·d)' fo1· 15 yea1·s in Bu1·lington, Ve1·mont, and is a \velcome 
addition to the list of shade t1·ees for no1·the1·n a1·eas. Zone 5A. 

11. Mag1iolia soitlangiana is doing ve1·y well i11 the Cham
plain Valley in a1·eas having good ai1· d1·ainage. Remembe1· 
that the Champlain Valley is p1·ime apple-growing country, 
and not especially prone to late sp1·ing f1·osts. Zone 5A. 

12. Phelloclend1·01i aniu1·ense is native to the Amur River 
bo1·de1· regio11 between Ma11chu1·ia and Siberia, whe1·e tempe1·
atu1·es fall fa1· lowe1· than in 11orihe1·11 New England. Once 
established, this t1·ee is successful, but vigo1·ous young plants 
can be injured by ea1·ly fall f1·eezes. Zones 3B. 

13. Sy1·inga a1nu1·e1isis .iaponica, the Japanese T1·ee Lilac, 
is one of the finest small 01·namental trees and has done well 
fo1· ma11y yea1·s i11 even the coldest pa1·ts of Vermont. Zone 4A. 

14. S01·bus alriifo:ia, the Korean Mountain Ash, is consid
e1·ed by some to be the fi11est species of S01·bus available. It 
has a11 inte1·esting b1·oad py1·amidal habit, long lasting 1·ed-
01·ange fruits and good 01·ange fall foliage colo1·, and seems to 
be highly 1·esistant to bore1· attack. The limits of its ha1·diness 
have not been too ,veil kno\vn but it is g1·owing well in Ottawa, 
Canada, and is cur1·ently under test in weste1·n V e1·mont. 
Zone 4B. 

15. Pinus 1iig1·a, the Aust1·ian Pine, is one of the finest 
eve1·green t1·ees in Ve1·mont. It is especially useful fo1· wind
breaks 01· la1·ge-scale hedge1·ows and may find more use in 
highway planting, along with the native Red Pine, Pinits 1·esi
nosa. Zone 4A. 

16. Mahonia aquifoliu·m, the Oregon Hollyg1·ape, has been 
ve1·y successful in certain pa1·ts of Vermont, especially whe1·e 
it is protected by reliable snow cover. It has been observed in 
quite a few spots in the south-eastern and east-central parts 
of the state and is now unde1· test and so fa1· doing well in the 
Champlain Valley. Zone 5A. 

17. Pie1·i.'! flo1·il)u1ida, the Mountain And1·omeda, seems to 
l>e pe1·fectly ha1·dj1 in much of Ve1·mont. Zone 4 B. The J apa11-
ese A11dromeda., Pie1·is japonica, has not been successful. 

18. Rhododencl1·on cataivbiense is perhaps the hardiest spe
cies of large-flowered Rhododerid1·on and has been observed 
doing reasonably well even in a,reas frequently experiencing 
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35 deg1·ees belovv ze1·0. Zone 4A. Expost11·e is i•mportant fo1· 
1nany 1·hododend1·ons in many areas, but it becomes especially 
impo1·tant 011 the fringes of the useful hardiness ranges. 
Other species of Rlioclodend1·on doing well in the warme1· parts 
of the state a1·e R. muc1·onula.tum and R. s11ii1·noivii. 

19. Rliocloderid1·or1 ·11iaxini11·11i, the Rose[Jay Rliodoclericl1·o·r1 
is 11ative to Ve1·mont a11d is found in one colo11y as fa1· 11orth 
as Troy, ,i ust a fe,v miles from the Ca11ad ia11 bo1·de1·. It g1·0,vs 
t111de1· a pa1·tial fo1·est canopy, however, a11d when b1·ought 
<>tit into ct1ltivation sometimes winte1·bu1·ns severely in expos-
0d spots. J;f placed in p1·otected spots, it does well in cultiva
tion, but is not ot1tstanding as an ornamental. Zone 4A. 

HUGH STEA VENSON: Thank you D1·. Flint for that beau
tiful and informative talk. Unfo1·tunately the next speake1· 
sho,vn on you1· program, Mr. Maurice Wilsey, could not be 
with us. But we have what I like to think of as a second gen
eration Harvey Templeton, M1·. Werner Rexe1·. 

AQUA-VAPOR CONTROL 
WERNER REXER 

LaSalle, Onta1·io, Ca11adci 

-

Based 011 the p1·incipal of contraction and expansion of a 
s1Jecial type of cordage, is the new misting and wate1·ing de
vice, known as the Aqua-Vapor Cont1·ol. The co1·dage in the 
vvet stage. is app1·oximately two percent shorte1· as compa1·ed 
whe11 dry. (See Figu1·e 1.) The cont1·ol is equipped with a 
st1bminiatu1·e mic1·oswitch of one ounce release force rated at 

' 

a maximum of 5 amperes and 250 volts. It has a life expec-
tancy of ove1· ten million on-off operations and is completely 
enclosed in a waterproof housing. A plunger connected to the 
cordage actuates the mic1·oswitch through a diaph1·agm. (See 
Figure 2.). The total t1·avel 1·equi1·ed is five one thousandths 
of a inch. The contraction and expansion of the cordage is one 
eighth of an inch when changing from a wet to a dry condi
tion. This allows fo1· va1·iation caused by heat or cold, and 
makes the unit self adjustable. The control is hooked up di-
1·ectly to the curent of any type and to a solenoid valve, or a 
motor and pump. In the latter case, a relay is necessary. 

The adjustments are made by placing the control in var
ious locations from the mist nozzle, it is designed to range 
f1·om 5 to 30 seconds on at any one time. The off or drying 
pe1·iod is the same as that of the cuttings; in hot, dry sur-
1·oundings with high light_ intensity it may operate as many 
as 40 times an hour, or as little as once every two or three 
hours on a rainy cool day, or at night. Further adjustments 
can be made by covering part or all but one of the holes of the 
perforated tube. This extends both the on and the drying 
period. One hole must remain open to receive the mist. 

Fo1· hardening off, all the holes on top and the side away 
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from the 
nozzle a1 .. e 
}Jetwe·en 

mis:t nozzle a1'"e, cove1,.ed. 
this ,,vi 11 

fa,cing the n1is:t 1,he holes 
g1~eatly extencl left ope11 

mi stings. 
and the period 

will A11 additio11al sleeve, still in the developmental stage, 
cove.1, ail of the holes of the. perforated tube in 1uch a way 
that it will be dt1stpr"oof bL1t will a llow moisture to penet1--ate. 
Then the cont1 .. ol u11it can be bu1,.ied at various depths in the 
soil for auto1natic irrigation. 

I have co11sidered every an.gle in the design, anc.l co11s.truc
tion o,f this c.ontrol, so it can be t1sed for eve1~y type of n1isting 
a11d i1'"1 .. igation. It .a.lso is clesigned ma11y ti1nes str·onge1--· a11d 
safe1~ than necessary. I t ha,s been unde1-- test since Ap1--il 1966 
and even the most p1"imitively constructed u11it has yet to 
fail. The·oreticall:)r it has a life exp·ectancy of well over one 
hu.nd1"ed y,ear·s whe11 tised continuous,ly. The only maintenanc·e 



vvher1 di1·ty \i\ ate1· is t1sed OI' when hea y dep<.>sits 1·et1 t1i1--ed is 
of m ine1--al s cover t he co1,.dage. Thi s, however·, shot1ld be of 
110 concern s ince the on a11d off p'e•rio•cls w ill slowly exter1d , 
,i'!hich wot1ld l1° 11oticeal)le a. month i11 adva11ce of failur'e. The 
cleposits ca.n be 1·emo·ved by dipp.i11g t he cont t·ol ir1to a cll"Y 
c1ea.ning f'1L1id 01,. by se11dir1g i t to t l1e c11--y clect11e1·. 

9 -· J'rit l('tp les • 

<>pe·r~t Lion 
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3. fini she<1 111c)de 1 the aq ti a-,,a por r o11 t ro~ . 

011r 11ext . S ,.l"'U NELSON : 
m11ch disci1ss:io,11 la·st yea1· 

is Dr·. 

s ubj ect 
Dl\1S0. 

• one which 
lead off 

IS 
To 

sti 111 l1la teci 
t h e dis·CLtS-

• 
~ 1 () l1 t his afternoon Len Stoltz. 

EF·FECT OF DIMETHYLSULFOXIDE(DMSO) 
TOBACCO SMOKE EXTRACT {TS.E) ON ROOT 

LEONARD P . . STOL1"''Z 
I) e par· t ·rne·ri t (J 1· H 01·•ticu,l t 11,1 ·p 

[] 'rl ·i z, e1·s1i t y of l{ e-ri t ilclt· lJ 
L e1·,i11 r1tc>t l, K e'rlt ll,Clcy 

AND 
INITIATION 

While working in Dr. H ess' lab I discove,r·e:d that toba,cco 
trong 1"oot initsmok e blow11 into a. piece of fi lt er papex" had a 

the rooti11g iating effect on mung beans vvhich are t1sed in 
b ioassay de\relo1ped by H ess ( 1) . Later tobacco smoke 
which had be·er1 pr·epared by collecting the smoke • 
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the 01·dinate 1·eprese11ts 0.05 ciga1·ette 01· 2 mg1·. of 'l'SE. Max
imum activity of 68 roots per cutting was obtained with 1 mgr 
of TSE. 

When TSE is chromatographed in different solvents the 
active fraction moves to the same area of the chromatogran1 
as does Hess' cofactor 4. Because of this and its physiologi
cal activities the two are conside1·ed to be the same or very 
similar in chemical make up. 

TSE also promotes the growth of oat mesocotyl sections 
using the methods of Nitsch and Nitsch (2). The material 
which promotes oat mesocotyl section occurs at Rf 0.4 to 0.5 
while the fraction which promotes root initiation occt1rs at Rf 
0.8 to 0.95. 

Because of the striking root and growth promotive ef
fects of TSE I was curious as to whethe1· this material might 
be of value in the propagatio11 of difficult-to-root ct1ttings. 
Preliminary tests using TSE alone showed no stril<:ing effect 
on the rooting of coleus, chryanthemum or hibiscus. 

Dimethylsulfoxide (DMSO) is reportedly effective in aid
ing the movement of various materials across plant a11d espe
cially animal tissues. The failure of TSE in the preliminary 
tests to influence rooting could have been the result of its in
ability to cross membranes and move to its site of action. 
Therefore DMSO alone and in combination with auxins and 
TSE were tested on the rooting of mung bean particularly a 
difficult-to-root Chrysanthemum variety Mrs. Roy.' DMSO at 
1The a11thor c.xprcs.sc.:. his gr,1t1tt1de to YodLr Bros , Inc , Barbcrtcin, Ohio who fur111shc<l tltL 
thl, Cl1rvsanthcn1l1n1 c11tt1ngs, v.1r1ct1cs Mrs Rely an<l 1311gl1t Golden Anne usctl 1n thlsc ... 1uJ1l,; 
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1000 ppm and above was toxic when supplied continuo11sly to 
mung beans but no deleterious effects were observed up to 
100,000 ppm ( 10 % ) when the cutti11gs were dipped into it and 
t1·ansferred to vials of water for rooting. 

Indoleacetic acid with and \vithout DMSO was first tested 
on mung bean seedlings to determine if the DMSO promoted the 
effects of IAA. No promotive effect ,vas found. The results 
are presented graphically in Figure 1. 

I.n the next series of tests only the difficult-to-root Chry
Ranthemum variety lVIrs. Roy was used. In the first test the 
base of the cuttings were dipped in DMSO and the c11ttings 
were stuck in a mist propagation bed for rooting. DMSO at 
10, 10', 10', 10• and 10' ppm was used. There was a slight de
pression of roots per cutting as the concentration of DMSO 
increased. See Figure 2. 

The auxin and rooting cofactor activities of extracts of 
the basal portions of the Chrysanthemum cuttings used in the 
next 3 tests were determined. The auxin activity was about 
the same for each group of cuttings of Mrs. Roy used and 
showed little difference from the easy-to-root variety, Bright 
Golden Anne, which was assayed to determine if auxin con
tent alone co11ld account for the reduced rooting response of 
Mrs. Roy. 
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The second test was under·taken to determine if 10 % 
DMSO used as a carrier for indolebuty1·ic acid (IBA) would 
increase the root.ing response of Mrs. Roy cuttings. Concen
trations of 100, 500, 1000 and 2000 ppm IBA were used. The 
number of roots per cutting increased as the concentration of 
IBA increased but DMSO had no enhancing effect and is con
sidered to have had a slight inhibitory effect. See Figure 3. · 
The rooting cofactor activity of the basal stem portion of Mrs. 
Roy cuttings was low compared to that in the easy-to-root 
variety but the lea,,es of Mrs. Roy showed greater amounts 
of cofactor 4 than the leaves of Bright Golden Anne. Thus in 
the stem area whe1·e rooting occurs there is a lesser concen
tration of rooting cofactor 4. 

In the third test the basal 1/2'' of cuttings of Mrs. Roy 
,vere dipped in 50 'JI,; alcoholic solution solutions of TSE with 
and without 10 7,; DMSO. Some increase in rooting occl1rred 
as the concentration of TSE increased l)tlt this amounted to 011-
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Jy one ,·oot per cutting at the highest concentration used. See 
Figu1·e 4. DMSO appeared to be slightly inhibitory. The co
factor 4 concentration in the stem tissue of Mrs. Roy cuttings 
was only slightly less than that in the Bright Golden Anne. As 
p1·eviously noted the auxin contents of these two varieties 
were also about equal in each test. In this case the Mrs. Roy 
and B1·ight Golden Anne each had about the same 1·elative 
amounts of cofacto1·s and auxi11 yet Bright Golden Anne had 
an ave1·age of 27 roots pe1· cutting while Mrs. Roy had only 7 
1·oots pe1· cutting. This indicates that some factor other than 
auxin and cofactors is limiting in the cuttings of Mrs. Roy. 
This became more clea1· when the 1·esults of the fourth test 
,ve1·e completed. 'fhe rooting cofactor activity of the basal 
stems of this g1·oup of M1·s. Roy cuttings was the lowest of all. 
Therefore one would assume that, if cofactor 4 was the limit
i11g facto1· these cuttings would exhibit the lowest rooting and 
be mo1·e likely to 1·espond to applied cofacto1· 4. 

In the fourth test the cuttings were allowed to take up 
TSE with and without 1000 ppm DMSO fo1· 14 hours before 
being stuck in the mist bed. No promotion by TSE with 01· 
without DMSO occu1·red and the higher concentrations used 
gave reduced rooting. The interesting fact noted in this case 
was that rather than having the lowest rooting response, as 
might be predicted from the cofactor and auxin bioassays, the 
untreated cuttings in this group averaged 13 roots per ct1tting. 
The mum rooting tests were run in March, April, May and 
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June 1·espectively. Since dayle11gth was i11c1·easing during this 
time it is assumed that carbohydrate content would also be 
i11creasing. Stoltz and Hess (3,4) have shown a direct rela
tionship between both cofactor 4 and ca.rbohydrates i11 the 
1·ooting of gi1·dled Hibiscus cuttings. lt is p1·oposed that in 
the tests 1·epo1·ted he1·e the 1·ooting of Mrs. Roy cuttings was 
1·elated to the ca1·bohydrate co11tent more so than to the cofac
to1· 01· auxin content. However the number of 1·oots pe1· c11t
ting of Mrs. Roy is still conside1·ably less than that of the . 
easy-to-1·oot va1·iety Bright Golden Anne and some factor oth
e1· than ca1·bohyd1·ates, auxin and rooting cofactors is involved 
in its 1·educed root initiation 1·esponse. 

The conclusions d1·awn from the tests 1·epo1·ted he1·e ct1·e 
1:ts follows: 

1. DMSO causes a slight inhibitio11 of root initiation i11 
cuttings of mung bean and Chrysanthemum variety 
M1·s. Roy. 

2. TSE causes p1·onounced root initiation in c11ttings of 
mung bean but fails to give any response ,vhen ap
plied to cuttings of Chrysanthemum variety Mrs. Roy. 

3. Some facto1· ( s) othe1· than auxin, rooting cofactors and car
bohydrates appear to be responsible for the reduced 
1·oot initiation in Chrysanthemum va1·iety Mrs. Roy. 

I. He,,, C I~ l!Jo2 ,\ pl1)''1olug1c,1l a11alys1, (>f 10,,1 1111t1at1,,11 111 e,I>)'-a11(l 

,, -

,j 

,l1ft1c11lt-to-1(>ot c1111111g, X\1Ith l111e111atl H,,1 t Co11g1e,, ·l:37'>-'.181 
N11,ch, J l' ,111,l C N11,cl1 1951, St11d1e, (>11 tl1e g1·owtl1 ol t,Oleopt1le ,111d 
f11s1 111te111ode ,ect1(>t1, 1\ 11e,v, ,e11s1t1vc, s11a1ght-growtl1 1c,t fo1 a11xi11s 
l'l,111t Pl1ys1ol 31.94-111 
StoltL, L l', and C, E He,~ l!J6(, The effect of girdl111g 11pon 1oot in1tia-
t1<>11. C,11 bol1ydrates a11d amino acids 1\1ner Soc Ho1 t Sci 89. (111 press) 
Stoltz, I, l'. an(! C, E Hess 1966 'J'l1e effect of girdling 11po11 rool initia-
11,,11· 1\11x111 a11(! 1001111g cof,1l.tor, A111c1 Soc Ho1 t. Sci 89: (111 p1·ess) 

HUGH STEA VENSON: Thank you very much for that very 
inte1·esting 1·esea1·ch 1·epo1·t. Ou1· next speake1· is Dr. Booker 
Whatley. 

' 
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THE EFFECTS OF NUTRIENT SOLUTION, FOLIAR SPRAY, 
3-INDOLEBUTYRIC ACID AND DIMETHYL SULFOXIDE (DMSO) 

ON ROOTING OF HIBISCUS SYRIACUS 
BOOKER T. WHATLEY, STANLEY 0. THOMPSON 

AND GEORGE WILLIAMS, JR. 
So,uthe1·ri U riive1·sit,y 

lJ(1to11 Ro-uge, Louisianr1, 1,2,:J,'i 

, G1·owi11g pla11ts i11 11ut1·ie11t solutions 01· aggregates n1ois-
- te11ecl ,vith nut1·ient solutio11s is by no means a 1·ecent develop- _ 

me11t. In 1699 Woodward (6,9) g1·ew plants in media such 
as sp1·ing 1·a.in, 1·ive1·, and distilled wate1· to which he added gar
den soil. He obse,·ved a positive co1·1·elation between growth 
of plants and the an1ount of soil i11 the va1·ious media. These 
c1·ude expe1·iments 1·ep1·esented the beginning of attempts by 
scientists to dete1·mine the nut1·ient 1·equirements of plants. 
Very little additional study was repo1·ted in this field until 
Sachs, Knop, and Nobbe from 1859 to 1865 developed the 
general p1·ocedure fo1· g1·owing plants in aqueous culture solu
ti'on. Knop later proposed a solution that has been widely 
used in the study of plant nut1·ition. Nut1·ient solutions have 
been proposed by Shive, Hoagland and many others (3,6,8). 
These studies p1·ovided expe1·imental ve1·ification fo1· the ear
ly; theories that plants "'ere made up of chemical elements se
cu,·ed f1·om wate1·, soil and ai1· ( 5). 

1 We have employed solution culture or hyd1·oponics to 
study the effects of va1·ious facto1·s on 1·ooting of Hibiscus 
Syr·iacus. Bailey (2) desc1·ibed this plant as being nearly or 
quite glab1·ous, an e1·ect-g1·owing shrub ten to twenty feet i11 
height, which is hardy in the northern states. The plant is 
g1·own for its summe1· and autumn bell-shaped flowers. 

Dimethyl sulfoxide (DMSO) is presently being intensive
ly investigated in both zoology and botany. Great interest has 
been shown in the possible use of this solvent in medicine and 
agriculture•. DMSO, made from a by-p1·oduct of the pa,per 
manufacturing indust1·y. was synthesized in Germany in 1867 
( 1) ; however, no use was found for it until 10 or 15 years 
ago. Currently it is p1·incipally used as a solvent in the pro
duction of synthetic fibers. It is a good solvent fo1· many or
ganic chemicals and inorganic salts which it appa1·ently has 
the capacity to transpo1-t in plants and animals. This cha1·ac
teristic seem to suggest that DMSO may act as a vehicle to 
carry substances ''piggy-back'' ·to desired sites in plants ( 4). 

The growth 1·etardants B995 a11d CCC containing DMSO 
,,,e1·e administe1·ed as a spray by Seiuchetti and Born (7) to 
1Th1s work \\'3S supported Jn J>art by a gra11t from the Soc1et) of tJ1e S1gma X1 and RESA Re• 
search Fu11d 

'The authors express their appreciation to Dr Barton R Farthing, f.>rofessor anJ Head, De· 
partmcnt of Experimental Stdt1st1cs, Lou1s1 an 1 State Un1vcrs1ty, for his advice and ass1stc1ncc 
regarding the experimental design and stdtitot1cal analysis 

-;The authors express gratitude to Dr Robert J Hcrschler, Crown Zellerbach Corporat1011, Camas, 
Washington fo1 the suppl, of DMSO and the concentrated foliar spra;· 

4Apprec1at1011 1s eApressed to Mr Simuel \V Austin, Assistant Professor of Photography, 
Souther11 Uni vcrstt}·, for photographic ass1stJnce 
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the ae1·ial pa1·ts of Dat'll'J'a tat,ul(i. Inhibito1·y effects on height, 
g1·owth, and alkaloid content we1·e g1·eate1· in those plants 1·e
ceiving the combined treatment of DMSO and 1·etardant than 
i11 those t1·eated with 1·eta1·dant alone. Phytotoxicity was 
11oted in the plants treated with CCC alone, and with CCC 
combi11eli with DMSO. 

1\1.ATERIALS AND l\'1E1'H()DS 
A 2 x 4 facto1·ial expe1·ime11tal design 1·eplicateli five times 

,,,ith one cutti11g pe1· one gallon glass .1a1· pe1· t1·eatment fo1· 
each replication was employed i11 this stt1dy. 

Softwood cuttingR eight inches in length and te11 to twelve 
111111 i11 diamete1· at the base we1·e inserted in the solt1tions tu 
a depth of fot1r inches. Fot11· differe11t t1·eatments we1·e ap
plied p1·ior to placing the plant mate1·ial in two types of 1·oot
ing media: continuously ae1·ated distilled wate1· and Hoag
land solution, each containing five ml of a saturated captan 
solution. The treatments were: 

01 Control 
02 Foliar spray which consisted of: 

03 

04 

1.5 pa1·ts N AA 
50.0 pa1·ts DMSO 
30.0 pa1·ts Acetone 
10.0 pa1·ts Glycerine 
10.0 pa1·ts T1·iton XlOO 
Five ml of this emulsifiable concentrate was di
luted in \\'ater to 100 ml. The stock plant was 
sp1·ayed with this solution the afternoon of 20 
Septe,mber and morning of 21 Septembe1· 1966 
and all cuttings were taken 30 September 1966. 

Fifteen minute soaking in a solution containing 
1000 ppm IBA and 0.5 o/o DMSO. 
Thi1·ty minute soaking in a solution contai11ing 
1000 ppm IBA and 0.5 % DMSO. 

The data were obtained by counting the number of roots 
fo1·med on each cutting du1·ing a 45 day pe1·iod. An analysis 
of va1·iance and orthogonal compa1·isons were used to dete1·
n1i11e differences among t1·eatments. 

RESULTS AND DISCUSSION 

'fhe1·e were highly significant differences among the fou1· 
t1·eatme11ts. No significant differe·nce was found between 
Hoagland solution and distilled water. Howeve1·, the1·e was 
a significant interaction between type•s of solution and t1·eat
ments (Table 1). Examination of the 01·thogonal comparisons 
and th~ treatment means (Table 2 & 3) shows that the main 
diffe·rence among treatments was due to the la.rge number of 
roots resulting from treatment three. The interaction was 
between types of solutions and t1·eatments two and three. With 
treatment two, distilled water was the better solution, while 
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with treatment th1·ee Hoagland solution was superior. 
The result obtained with treatment four, thirty minutes 

soaking in 1000 ppm IBA and 0.5 ',¾J DMSO solution, was no 
diffe1·ent from that obtained with the control. For this treat
ment phytotoxicity was noted from the complete defoliation 
of the cuttings. If DMSO has the capaoity to ,t1·ansport s11b
stances in plant tissues these substances ·ma.y reach toxic or 
inhibito1·y levels if exposu1·e is fo1· an extended pe1·iod . 

• 

So111 cc t>I V,111,1t1011 d/f ss MS 

Total 39 18,670 
Replications 4 1,306 

Treatment A (1,2,3,4) -~ v 8,758 2,919 
Treatment B (5,6) 1 130 130 
T1·eatment AXE 3 3,064 1,021 
E1·ror 28 5,412 193 
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Treatment th1·ee, fifteen minutes soaking in a solution of 
1000 ppm IBA and 0.5 'fa DMSO, was significantly better than 
treament two, foliar sp1·ay. The foliar spray was applied 
ten days p1·ior to taking the cutting and it is conceivable that 
some of the root-inducing effect was lost during that period. 
The reason why treatment two is most effective in distilled 
wate1· and t1·eatment three is 'most effective in Hoagland so
lt1tion is not suggested by the data. 

SUl\ifMARY 
A 2 x 4 facto1·ial expe1·iment}1l desig11 1·eplicated five 

times with one cutting per one gallon glass ja1· pe1· treatment 
pe1· replication in continuously aerated Hoagland solution and 
distilled wate1· was employed to study the effects of nutrient 
solution, foliar spray, 3-indolebutyric acid and DMSO on root
ing of Hibiscus sy1·iacus. Highly significant diffe1·ences we1·e 
found among the four t1·eatments. Treatment two, foliar 
sp1·ay; and t1·eatment three, fifteen minutes soaking in 1000 
ppm IBA and 0.5 o/a DMSO solution we1·e significantly better 
than treatment one, the cont1·ol; and treatment fou1·, thi1·ty 
minutes soaking in 1000 ppm IBA and 0.5 % DMSO solution. 
Treatment th1·ee was significantly bette1· than t1·eatment two. 
There were no diffe1·ences found between Hoagland solt1tion 
and distilled wate1·. A highly significant inte1·action was 
found bet,veen treatment two a11d t1·eatment th1·ee with type 
of solution. 
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9 p I I I I 

HUGH STEAVENSON: We have several mint1tes fo1· ques
tions. 

JAMES WELLS: I Just ,vanted to comment 011 an effect 
of Captan which has not been mentioned. When we first test
ed this I did so on a batch of cuttings taken afte1· Ch1·istmas. 
The variety was Rhoclodendron roseum and I treated the 
batch of cuttings with 1 % IBA and half of the batch was 
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treated with 1 'XJ IBA plus 5% Captan. There was a marked 
inhibition of top growth on the cutting in the bench while 
they were 1·ooting ,,,he1·e they had been treated with Captan. 
This was of 1·eal value because this variety naturally makes 
early g1·owth in the bench and ce1·tainly cuttings put in that 
late are very sub.iect to g1·owth in the bench at that time of 
the yea1·. After the cuttings were moved on there was no fur
the1· inhibito1·y effect on the development of the cuttings. 

HUGH STEA VENSON: l would like to ask D1·. Stoltz 01· 
Di·. Whatley if there is any possibility that DMSO will be 
t1sed comme1·ciall)'. 

I~EN STOLTZ: Based on the wo1·k I have done I would say 
p1·obably not with the materials we have t1·ied so fa1·. Also 
there is some concern with i'cs danger. So many people who 
have worked with DMSO have had an impairment of vision, 
t1sually when 1·elatively high amounts are absorbed. 

BOOKER WHATLEY: There is some indication from the 
limited numbe1· of tests we have conducted that you may be 
able to use a lowe1· concentration of auxin when supplied in 
combination with DMSO. 

VINCE BAILEY: I would like to ask M1·. McG11ire about 
the terminal application of hormones. Was any of the ter
minal tissue removed before application? 

JOHN McGUIRE: Nothing was taken off the terminal 
po1·tion of the cuttings. 

RALPH SHUGERT: Has anyone used Captan and a11 auxin 
011 pfitzer cuttings? 

JOERG LEISS: We have made up a powde1· consisting of 
IBA, N AA, Captan, and Fe1·bam and it gave us good results. 

The following session, moderated by Mr. Roy Nordine, 
was the first p1·esentation of plant material worthy of intro
duction to the trade. 

ROY NORDINE: The plant mate1·ial described this after-
11oon from arboreta will be availa.ble at your request for prop
agation-seeds, cuttings, or whateve1· it happens to be. Nur
se1·ies, of course, a1·e allowed to sell thei1· plant material. 
(Edito1·'s Note: The following plant material was presented.) 

CERCIS ''OKLAHOMA'' 
Cercis ''Oklahoma'' ,vas discovered in Spring 1964 in the 

''A1·bt1ckle Mountains'' of Oklahoma. The flowe1·s are a 1·ich 
wine 1·ed ove1· the enti1·e bloom. The leaves are almost 1·ound, 
heavy textured with a glossy sheen that appear to be waxed. 
The leaves are closely spaced creating a neat appearance 
throughout the growing season. The trees start blooming at 
011e year and bloom heavily at an ·early age. This tree seems 
to g1·ow more compact and will p1·obably not g1·ow as large as 
the Ce1·cis canadensis. 

The ''Oklahoma'' Redbud is thought to be a natu1·al hy
brid between Ce1·cis 1·enif 01·mis and Ce1·cis canadensis having 
some characteristics of each. The best method of propagation 
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is by T-bud in late summe1·. In our a1·ea, late July to ea1·ly 
August is the best period. It can be grafted on sta1·ted under
stock in the g1·ee,nhouse ,vith a side g1·aft as with eve1·greens. 
The grafts are quite slow to p1·oduce a planting size t1·ee. The 
name Cercis ''Oklahoma'' has been 1·egistered ,vith the Arnold 
.i\.1·bo1·etum. 

The followi11g pla11ts v.1e1·e desc1·ibed by Ha1·1·iso11 Fli11t, 
'l'he A1·nold A1·bo1·ett1m, Ha1·va1·d Unive1·sity, Jamaica Plain, 
Mass. 
lrldigvfe-1·a ·i·1lcci1"1latli cilba. The1·e is 11othi11g 1·eally 11ew about 

this plant, but it has been overlooked. It was first ob
tained by the Arnold A1·boretum in 1885 from Veitch and 
Sons, Chelsea, England, and after 80 years it still is not 
found in nurseries in this country. Indigofe1·a irica1·riata 
albci, like Iricligofe1·ci ki1·ilo1vii, is a good plant fo1· stabiliz
ing slope·s, ·one of ou1· best g1·ound cove1·s for bank use. It 
is a little lower than I. kiriloivii, ho,veve1·, seldom exceed
ing 18 inches in height and has ,vhite flowers. 

P1·opagation: Division of underground stems, or softwood 
cuttings in June or J ulJ'· 

Hama1nelis 'Arnold P1·omise'. This hyb1·id witch hazel 01·igi
ginated as a seedling in the Arnold A1·bo1·etum in 1928 
and ,vas named in 1963. It 1s a hybrid of H. mollis and H. 
jciponica, and is outstanding f 01· its la1·ge brilliant yellow 
flowers, borne in cluste1·s of three, appearing in Boston in 
early March. In some yea1·s it has good 1·eddish-01·ange 
fall foliage. 

P1·opagation: Softwood ct1ttings in June. Hold 1·ooted cut
cuttings ove1· winte1· without distu1·bing their 1·oots, if pos
sible. 

I?l1ocloclencl1·01i 'Smoky Nlountainee1·'. This cultiva1· ,vas se
lected f1·om a group of Rhodoclericlr·on calendulaceum seed
lings in the Arnold A1·bo1·etum in 1941. Its flowers a1·e 
simila1· to those or R. cale,ndulaceu11i in size and shape but 
their uniform, strong 1·ed-orange colo1· does not fade in, the 
sun. A mo1·e detailed info1·mation sheet is available f1·om 
the Arnold A1·bo1·etum. 

P1·opagation: Softwood cuttings in early summer. 
The followi11g plans were described by Roy No1·dine, The 

Mo1·ton Arboretum, Lisle, Illinois. 
White Ash - F1·axirlus cimericana 

A la1·ge tree native ove1· the easte1·n half of the U11ited 
States and adjacent Canada. Frequently confused with Green 
Ash. White Ash develops early into a unifo1mly b1·anch
ed and very shapely tree, oval in shape. Fall color is usu
ally a cleep pu1·ple, sometimes yellow and purple. P1·opa
gate by seeds sow11 eithe1· i11 fall 01· spring or budded 011 
any ash seedling in late summer. Hardy in Zone 4. 

Dwa1·f European Cranberry, Vibii1·num opulus compactuni 
A dwarf form of the European High Bush Cranberry. Ma
ture height not known, 12-year old plants are 4 feet high. 
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A fine, 1·ounded shrub with bra11ches f1·om the g1·ound. 
Flowers and fruits annually at an early age. Propagates by 
summer cuttings from June 15 to early August. Hardy to 
Zone 4. 

Yellow Japanese Barbe1·ry - Be1·lJe1·is Thilnbe1·gi au1·ea, 
A Japanese Barber1·y ,vith fine, clean bright yello,v foli
age tha.t tolerate·s full sun with very little burning. Ma
ture height somewhat less than the types species. P1·opa
gates by summer cuttings f1·on1 June 15 to ea1·ly A ugt1st. 
Zone 4. 

Bottle B1·ush Buckeye - Aescul·us pa1·viflo1·ci 
A shrubby species native to the Sot1theast. Mature height 
in our collection is 6 feet and wider than high where room 
per·mits. Large, bold foliage, white spiked flowers in late 
June and excellent yellow fall color. Fine rounded sh1·ubs 
with branches from the ground unde1· all type•s of shady 
locations. P1·opagates by laye1·s made in ea1·ly June. Sum
me1· cuttings from June 15 to July 15 and seeds that n1ust 
be sown as soon as 1·ipe in late September. Zone 5. 

Dwarf European Fly Honeysuckle - Lonice1·a xylo.r:;teu1n nana 
This dwarf shrub develops very quickly into a plant unde1· 
4 feet, but much wider. An excellent foliage plant with 
large deep g1·een leaves. Flov.'e1·s are cream or pale yellow; 
fruit has not been noticed. Propagate by g1·eenwoorl cut
tings from June 15 to August 1. Zone 4. 

Canby Pachistima - Pachistima Canbyi 
In our extensive collection of gounds covers, this plant is 
the finest. It has all the qt1alities ne,cessary for a perfect 
plant. Small, graceful branches and stems on a plant less 
than a foot high, dark g1·een small narrow evergreen 
leaves that never brown. It will perform well in sun to 
the deepest of shade. Propagates easily by cuttings taken 
after the spring flush has hardened until late in the win
ter. Summer cuttings root in less time. Zone 4. 

(Zones are for the USDA Zone Map) 
The following plants were described by Rod Bailey. 
Philadelphus ''Miniature Snowflake'' - This plant is a 

sport of Philadelphus ''Minnesota Snowflake''. The flowers 
are double and very fragrant. The foliage is dark green and 
resistant to many of the leaf diseases that attack most Phila
delphus species. It is a dense growing d,varf shrub attaining 
a height of about 30 inches. 

Potentilla t1·identata - Wineleaf Cinquefoil. This plant 
is a native of Minnesota and will withstand temperature of 40° 
below zero. The foliage is a dark shiny green and remains 
evergreen even at 40°. The ultimate height of the plant is 
about six inches and produces an abundance of delicate white 
flowers in mid-sumn1er. It can be used as a ground co,,er 01· 
as a dwarf border sh1·t1b a11d wo1·ks ve1·y 11icely i11 rock ga1·
de11s. 
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FRIDAY EVENING SESSION 

December 9, 1966 

PLANT PROPAGATORS' QUESTION BOX 

RALPH SHUGERT: I would like mo1·e info1·matio11 011 the 
modification of temperature with the freezing and tha,ving of 
water under polyethylene structures. Isn't this heat fron1 
f1·eezing lost too quickly to be of value? Are there any tem
perature data? What abot1t 3-5days of 10° F.? Would it 
help here? 

DICK VANDERBILT: I think you ca11 get about 10 days of 
t1seful heat between 5 and 0° F. This seems to be ,vhat it 
did. You can take the penalty out of the first deep freeze 
and if you continue to get low temperatures the rest of the 
winter you are .iust going to stay cool. But at the fi,,e da}'S 
at near zero temperatures the ,vater in the canal will be .iust 
like a frost in Octobe1·. In the other houses the ca11s will l)e 
frozen up completely. 

RALPH SHUGERT: If potted eve1·greens showing fall 
discoloration are placed in unheated greenhouses coverecl with 
opaque plastic-will the ''greening up'' process in' spring be 
hastened or retarded compared to clear poly shaded 25 % by 
white latex paint? 

KNOX HENRY: Our experience has been that the opaque 
plastic or white plastic has a tendency to retard the green
ing up process in the Spring. Our procedure is to cover with 
white plastic and then about the middle of March we remove 
the white plastic and replace it ,vith clear plastic and allow 
a temperature build up which b1·ings on the green color. 

JAKE TINGA: I don't like the plant material to get dis
colored in the first place. I am tryi11g to preserve Octobe1· 
green until April. Once it is discolored, I don't think you ca11 
effectively green it up except by new growth. 

TOM PINNEY: I disagree. It can be done by using clea1· 
plastic. We have done it 6 or 7 years in a row. Take an Ar
borvitae which will typically discolor in the Fall. We put 
them under plastic in November and December and they are 
nice and green by March. 

KNOX HENRY: I want to be sure I made myself clear. 
If we put everg1·ee11s with winter coloration in clear plastic 
houses and in the white plastic houses, the greening process 
is retarded in the white plastic houses as compared to the 
clea1· plastic. 

RALPH SHUGERT: Has anyone used P.V.C. plastic from 
Japan on overwintering houses and for how long? 

KNOX HENRY: We have used a little of it. It is qt1ite 
satisfactory. To us it gives the same net result that a color
less plastic or white plastic depending upon whether you t1se 
a colorless P.V.C. or a white P.V.C. We have experime11ted 
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a little with a green tinted P .V.C. The 1·esults were ide11ti
cal with using regular polyethylene. The only problem was 
that the cost was not identical. The P.V.C. is a great deal 
more expensive for us. 

ANDY ADAMS: We would prefer to use fiberglas to 
P.V.C. for two reasons. You ha,1e no guarantee how long 
P.V.C. will last and we know a piece of fiberglas will give 
10, 15, or 20 years service. Also on long runs with wide ba1· 
spacing the expansion (of P.V.C.) on 100°F. days is great 
enough to pull the nails. 

JOHN KNAPP: I visited a fellow who had quite a range 
this summe1· and he had P.V.C., plastic, glass, polyethylene, 
a11d his comment was no .n101·e P.V.C. fo1· any house. Th~1·e 
were large holes in his P.V.C. houses. He said he had a high 
wind and the P.V.C. disintegrated. The polyethylene was not 
damaged. 

KNOX HENRY: I think most of you ,vill recognize that 
we should remember that the1·e a1·e a great numbe1· of ma11-
ufactu1·ers of P.V.C. and consequently there are as great a 
number 01· variety of quality. The P.V.C. we used came with 
a written guarantee for 10 years. We had to do a lot of look
ing before we found it. If anyone is interested, I would sug
gest you compa1·e the cost with fibe1·glas, which I agree is a 
better product and second, make su1·e the quality of the P.V.C. 
is good and try an·d find someone who is al1·eady using it 
first. ' 

BRUCE BRIGGS: We have used P.V.C. for two years. We 
used it because it -is the clearest plastic and lets the most light 
through. If you don't need all the light then use polyethylene. 

RALPH SHUGERT: Are there a.ny results of the rooting 
cofactor work that can now be applied to the rooting of dif
ficult-to-root cuttings?-

LEN STOLTZ: At the present there are no directly ap
plicable results, but there will be in the future. 

RALPH SHUGERT: How does the esterification of DMSO 
with IBA increase the effectiveness of IBA? 

CHARLEY HESS: If an ester does form betwee11 the DMSO 
and the IBA, the combination may be mo1·e soluble and be 
hetter able to enter the plant tissl1es. · 

RALPH SHUGERT: What is an ester? 
CHARLEY HESS: It is the combination of an acid a11d an 

alcohol. Our gracious hosts, the Newport Nurserymen, will 
sho,v you how it is done. 

RALPH SHUGERT: Would it be possible to apply the ho1·
mones to the tip of a cutting by a spray? 

JOHN McGUIRE: We have used sprays and they are as 
equally effective as dipping the tips in the solution as I de
scribed in my paper. We did not recommend it with the high
er numbered carbowaxes because it interfered with gaseous 
exchange and caused chlorosis of the foliage. With low nt1m-
l)cred carbowax it workerl all right. · 
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RALPH SHUGERT: What is Cutstart '! 
PETE VERMEULEN: We really don't know. It is made 

by Vitamine Institute in Hollywood, California. Dr. Thomp
son will not release the formula. Charley has worked with it. 

CHARLEY HESS: Ilt contains thiamine, or Vitamin Bl 
and naphthaleneacetic acid or its derivatives. It may also 
have some other auxins. We do not know the concentrations 
of the auxins of the various strengths of Cutstart. 

HARVEY GREY: You can mix IBA in talc by using a ball 
mill or by first dissolving it in alcohol and then mixing the 
alcohol solution and the talc together and then evaporate off 
the alcohol. Charley, did you feel the two techniques will 
give different results? 

CHARLEY HESS: The alcohol technique probably gives 
the most uniform results. The things that you have to ,vatch 
out for is that you do not add too much alcohol in relation to 
the amount of talc being used. As the alcohol evaporates, the 
mixture should be occasionally stirred to keep it uniform. 
However, the most effective method to get a root promoting 
substance into a cutting is as a concentrated dip. The hor
mone is already in solution, so it goes directly into the cut
ting. When you use talc, you have to 1·ely either on the 
moisture of the medium or moisture on the surface of the cut
ting to dissolve the hormone before it gets in. 

RALPH SHUGERT: Tom Pinney, would you describe 
your method of adding Captan to the quick dip solution which 
Dr. Snyder spoke about in his presentation? 

TOM PINNEY: We use a quick dip just as Charley has 
mentioned and I like to vote for this because we think it is 
the best way. Starting with the 10,000 ppm or the l ':lo con
centrate, using carbowax, (2/1 carbowax and 1/,i water) we 
then make our dilutions, say to a 1000 ppm or 0.1 %, we will 
then add to each 100 cc of the final solution l/4 teaspoon of 
50% wettable Captan. If you made up 400 cc you would use 
one teaspoon of Captan. We add the Captan last because we 
want to be sure everything else is in solution. The Captan 
will not dissolve, it is a suspension. 

Zo WARNER: Why not dip the whole cutting in Captan 
when you bring it in and then treat it with the concentrated 
dip? 

CARMINE RAGONESE: I find that a total dip in Captan 
inhibits bud development. 

JIM WELLS: For those of us who like to stick with pow
des, there is a reasonable substitt1te for the quick dip. That is 
any powder that is made up from the potassium salt of the 
indolebutyric acid is immediately water soluble and we think 
it has a much more rapid and complete penetration of the cut
tings. 

DICK VANDERBILT: Where do you get the potassium salt? 
JIM WELLS: We bought ours a number of years ago from 

May and Baker i11 Dagenhan, Essex, England. 
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BILL CURTIS: Why not use Chlorox to clean up your cut
ti11gs? 

CARMINE RAGONESE: The New Jersey Chapter of the 
Rhododendron Society experienced difficulty in rooting decid
t1ous azeleas. They used a 51,; mix of Chlorox and quick 
dipped the entire cutting in the solution. The results were 
astounding, the1·e was no ft1ngus and no p1·oblem from inhib
ited bt1d break. 

RALPH SHU GERT: Has anyone used traumatic acid to 
i11crease the 1·ooting of cuttings 01· to inc1·ease the formation 
of callus when grafting? 

CHARLEY HESS: Traumatic acid is known as a wound 
hormone, and is synthesized by tissues which have been 
wounded. It is not active as a root promoting substance and 
I suggested it might be tried in grafting. I have received a 
letter from Holland and they have tried it a number of times 
without success. 

RALPH SHUGERT: Has anyone used hormones as an aid 
i11 grafting? 

ARIE RADDER: At one time we used Chloromone on jun
i perus and it helped considerably. 

JOHN ROLLER: We also use it on .iunipe1· grafts such as 
J. carw1·eti and J. vi1·giniana glauca and it helps considerably. 

CASE HOOGENDOORN: Do you get equal callus formation 
t)n stock and on the scion? 

JOHN ROLLER: We paint both stock and scion. Actu
ally the scion is dipped and inserted into the union while the 
scion is still wet. 

RALPH SHUGERT: What strength of Chlo1·omone? 
JORN ROLLER: we use full strength. 
GERRY VERKADE: Is the1·e any Boron in Chloromo11e? 
CHARLEY HESS: Not to my knowledge. It is included in 

Jiffy Grow. 
DAVID BAKKERS: We tried a grafting paste from Germany 

which is supposed to contain a hormone. It did a nice job as 
a grafting wax but 1, could see no difference from normal 
,vax. . 

CHARLEY HESS: I should say that the1·e have been nu
merous trials with g1·owth substances and grafting. The re
ports are varied and some report benefits, others no effect .. 
It varies with plant species, time of application, and condi
tion of the stock and scion. 

RALPH SHUGERT: What is the best hormone for Kalmia 
cuttings? 

AL FORDHAMS: 1000 ppm each of IBA and N AA. 
RALPH SHUGERT: Has anyone had success rooting Ace1· 

_g1•i3eiim cuttings? 
VOICE: Yes, by taking ve1·y soft cuttings from young 

plants. 
RALPH SHUGERT: Can Robinia JJsitedo tortuosa be graft

ed on Gleditsia triacanthos inermis? 
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JOE McDANIEL: No. 
RALPH SHUGER'f: Has anyone obse1·ved \\•itches broon1 

01· a mutation on Cecl1"us atlaritica, gla·uca 01· Sc·icicl<Jpit·ys ·ue1·
tic·illata? 

AL FORDHAM: We have found 011e on the Ceda1· of J..,eb
a11on but not on c:ecl'l·us atlciritica gla·ilca or Sciadopiclys. 

CASE HOOGENDOORN: What understock do you use ft11· 
Ced1"us atlaritica glauca peridiila? 

HANS HESS: We graft them in Decembe1· 011 Ced'l·11s dev
clv·1·a with good success. 

CASE HOOGENDOORN : Ot11·s seem to take a11d even sta1·t to 
grow, but then we lose two thi1·ds of them. 

GERRY VERKADE: Get them ot1t of the sweat box, Case. 
What size stock do you use? 

CASE HOOGENDOORN : We use two year old seedlings, pot 
them up and g1·ow them one year in the pot. Then we graft 
them. 

GERRY VERKADE: That's you1· mistake. Put some seecl 
in this winter and graft them next fall, on those little tiny 
stocks a.nd you will have no problem. 

RALPH SHUGERT: How do you propagate Rlius cvti1i·us 
Royal Pu1·ple? 

PETE VERMEULEN: We make them f1·om soft \\1ood cut
tings. We top the long shoots so we ca11 get the sho1·t shoots,, 
4-6 inches long, all up and down the sten1. This in ou1· a1·ea 
is ea1·ly June. They a1·e t1·eated \Vith the Ge1·main formula I 
mentioned the other day. They a1·e inse1·ted in a medium of 
50 % peat and 50 o/o per lite and unde1· intermittent mist ot1t
side. 

RALPH SHUGERT: How do YOll keep birch seed'? 
TOM PINNEY, JR.: We have to keep bi1·ch seed ove1· f1·on1 

yea1· to yea1· because we ca11 not always count on a c1·op. We 
store it in plastic bags in 35°F. sto1·age. The viability ,vill 
drop and by the third year it is pretty well down, and the re
sulting seedlings will be ve1·y weak. 

RALPH SHUGERT: What is the pre-germination t1·eat
ment fo1· Taxodium distichum? 

HUGH STEAVENSON: You can fall seed it afte1· you col
lect it 01· give it 60 days at 41 °F. But fall seeding afte1· it is 
collected will give you good ge1·mination i11 the spring. 

PETE VERMEULEN: How do you ti·eat Davidia seed so 
that the 4 or 5 seedlings in the nut germinates instead of _just 
one? 

AL FORDHAM: We put them in a polyethylene bag to
gethe1· with a medium of damp sand and peat moss and we 
watch them. When the 1·adicles have eme1·ged we pt1t them 
i11 cold sto1·age fo1· 3 mo11ths after which we get a very com
plete germinatio11 in about 4 or 5 days. The seed is planted 
about l/2 inch deep in flats. 

RALPH SHUGERT: I am confused on this question of bot
tom heat. Some say yes, others not. Bill Curtis,, for exam-
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JJie, used 85°F. to 1·oot Magrlolia g1·arldiflo1·a. What is the 
1·ight answer? 

BILL CURTIS: We used to have p1·oblems with magnolias. 
Bt1t I remembei· the advice from Alabama was to burn them 
tip. So I use real st1·ong bottom heat,-85 to 90°F. and get 
excellent 1·esults. I could not do without it. However, you 
mt1st watch the water and not allow the flats to dry out. 

STU NELSON: I guess I bette1· defend myself. There a1·e 
exceptions to eve1·y 1·ule and anybody can pick examples 
,vhere something is going to wo1·k. But when you speak in 
gene1·al, I feel you do not need bottom heat. Sure on shy root
i11g 1·hododendrons it will work. But in general the literature, 
and I think most of you people will admit that most of the 
things you g1·ow don't need bottom heat. As you increase the 
efficiency of the propagatio11 system it becomes less neces
sary as does hormone. If you t1·y to push the cutting too 
ha1·d, you go flat on you1· face. 

HARVEY GRA y: I think bottom heat is a tool and as such 
it must be used properly. For example, I think it is very 
beneficial for outdoo1· mist particula1·ly if the wate1· tempera
ture is low, f1·om a deep well fo1· example. 

LESLIE HANCOCK: With all due respect to Stu, I think a man 
who can challenge a 150 yea1·s of experience has a lot of cour
age. You have to unde1·stand the physiology of the plaµt to 
know to what extent bottom heat is impo1·tant. We do know 
that heat stimulates cell activity. If cell activity takes place 
at the top of the cutting, it will grow instead of rooting. If you 
heat from below, the top will stay do1·mant until the roots are 
formed. You ,vill have more cell stimulation where you have 
more heat, and when you want to put roots on a vegetative 
shoot, why of course it is best to stimulate the lower portion 
of the cutting. 

MARTIN VAN HOF : I can take both sides of the ques
tion. You don't need bottom heat if your timing is right and 
)'OU are not in a hu1·1·y. But if you want to prolong your sea
son, because you know we are not always on time, the11 you 
should use bottom heat. · 

STU NELSON: I Just would like to say that bottom heat 
like ho1·mones are not going to put 1·oots on cuttings that are 
not go,ing to root. Rooting is a race for survival and all things 
being equal the cutting will eventually 1·oot or it will die. In 
some cases bottom heat will speed up rooting, I don't think 
there is any doubt about this. Bottom ·heat will speed t1p root
ing but bottom heat is not necessary for 1·ooting. 

RALPH SHUGERT: Now fo1· some questions on cost ac
counting. Mr. Wells,, you1· 1·ule of thumb of direct labor costs 
as a percent of total production costs was apparently arrived 
at prior to 1960. Have you1· indi1·ect cost risen at the same 
1·ate as you1· labor costs so this relationship still applies to
day? 

JIM vVELLS: Yes, they appear to have done so. I don't 
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think its going to last, ou1· labo1· costs are going to jump ahead. 
RALPH SHUGERT: I believe everyone's operation is a lit

tle diffe1·ent. The1·efo1·e, wouldn't it be co1·1·ect to assume 
that it is 11ecessa1·y fo1· eve1·y operation to dete1·mine its own 
total labor percentage as v.rell as its o,vn di1·ect labor percent
a.ge? 

JIM WELLS: Yes. I t1·ied to sho,v the method which we 
t1sed. The important thing here is that anyone can determine 
the 1·atio that exists nov.' by looking at his balance sheets be
tween his labo1· costs and all othe1· costs. Whateve1· this ratio 
you can dete1·mine it. At tl1e time I worked it out, the 1·atio 
was exactly half. You may be half, .)'Ou may be 2/1 or you 
may be 1,1.\, if you a1·e automated you may be 1/4. The whole 
of the talk ,vas to clear the air of all the multitude of details 
which is likely to clutte1· up our thinl{ing in trying to estab
lish a system that will work. The nursery business is a very 
ctifficult one in which to set up cost accounting. 

HUGH STEA VENSON : We have used the Wells' fo1·mula 
in our operation and I find it very valuable. It is jt1st as val
id now as when he first wo1·ked it out. Jim has made many 
contributions to the Society and I feel this is one of the fin
est. 

RAY BLUE: P1·esently at Koster we can not use Jim's 
formula as stated because of change in the machine1·:ir and 
labor situation. The basic b1·eakdown today is based on de
ciduous tall material, decidous low material, everg1·een tall, 
eve1·g1·een spreading and 1·hododendrons. Then we have an 
operational cost. So a plant will be given a numbe1· that will 
fall in this range and then the ope1·ation will be given a let
ter. So that B-6 may be digging 1·hododendrons. ,v e can go 
back and pull out an ope1·ational cost. I feel that cost account
ing is time well spent, no matter what is the size of opera.tion. 

KNOX HENRY : I was t1·ained as an accountant before I 
came into this business and in the last few months we have 
installed a computerized bookkeeping system. We a1·e not 
solely a nursery. We a1·e doing some nu1·sery production as 
well as nu1·sery 1·etail sales, g1·eenhouse operations and a large 
bedding plant ope1·ation. Ou1· situation is not unique, a lot of 
you have similar operations whe1·e you would be classified as 
having mo1·e than one department. The 1·elationship between 
the direct labo1· cost at any one time on a ce1·tain crop does 
have a definite bearing on the ultimate cost on that item as 
Mr. Wells has poited out. ] ag1·ee with him wholeheartedly. 
If a.nyone is interested, afte1· we have had some expe1·ience with 
the system, I will be glad to desc1·,ibe the automated operation. 
you are operating. 

VINCE BAILEY: The Ame1·ica11 Association of Nurse1·y
n1en th1·ough the Ho1·ticultu1·al Resea1·ch I·nstitute has done 
conside1·able ,vork setting up a bookkeeping system whereby 
you can determine your costs of plant material, labor, etc. 
and I agree this system is important no matter what size unit 
you are operating. 
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RALPH SHUGERT: Has any othe1· material bee11 grown 
other than rhododendron under the mercury vapor lamp? 

WALT PEFFER: Last year the only thing I grew was rho
dodendron but at the present time I am growing viburnum, 
some azaleas and a few hollies. Although good growing condi
tions will not develop until later in the season, these items at 
the present time are looking very good. 

RALPH SHUGERT: What do you think about using a so
dium light for growing in the greenhouse? 

WALT PEFFER: I do not know of any case whe1·e a sodium 
lamp has been used bt1t I would not be in favor of it because 
t.he sodium light consists of 87 'fa inf1·ared. It does not con
tain much light useful to the plant. 

HANS HESS: What is the cost of the mercury vapo1· 
lamp? 

WALT PEFFER: The cost of the lamp is app1·oximately 
i35.00. It is the G-33 for the 100 watt lamp. The transfo1·
mer is included in the lamp. 

ED HUME: Don't the mercury vapor lamps contain a lot 
of ultra violet light in the range of 3000 A which is inhibitory 
to plant growth? 

WALT PEFFER: The output of the mercury vapo1· lamp 
I recommended is only 15 % in the ult1·a violet and is not in
hibitory. 

VOICE: A1·e the mercu1·y vapor lamps ope1·ated contin
uously? 

WALT PEFFER: No, they are operated from 8 o'clock i11 
the evening to 5 o'clock in the morning. This is not a prede
termined factor, but the low cost of operating the light al
lows me to run it all night. Do not use the merct1ry vapor 
light as a intermittent light or fo1· flash lighting because it 
will damage the transforme1·. 

RALPH SHUGERT: Will yot1r ac1ua-vapo1· control work 
LIP to 100% humidity? 

VERNER REXER: Y·es. 
RALPH SHUGERT: Is the aqua-vapor cont1·ol commerci

ally available? 
VERNER REXER: I expect it will be on the market in 

January or February in 1967. The cost should be in the 
range of $35.00 to $40.00. 
(Editor's Note: Mr. Bruce B1·iggs showed slides of his ai1· 
propa.gation technique at the end of the Question Box.) 
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SATURDAY MORNING SESSION 

December 10, 1966 

The Saturday morning session began with the annual 
business meeti11g, at 8 :30 a.m. in the Colonial Room. The 
minutes of the meeting are recorded at the beginning of the 
business and tech11ical sessions of the Eastern Region section 
of the Proceedings. After the business session a nut1·ition 
symposium ,vas conducted. D1·. Kenneth W. Reisch se1·ved as 
moderator. 

STU NELSON: We have a very inte1·esting panel 011 nt1-
trition this morning. The mode1·ator for our closing sessio11 
is D1·. Ken Reisch f1·om Ohio State U11iversity. 

KEN REISCH: I would like to introduce the fi1·st st1b.1ect, 
Vegetative Propagatio11 1-1s Affected by Nutritio11 - a 1·eview 
l1y D1·. Jim Kelley. 

VEGETATIVE PROPAGATION AS AFFECTED 
BY NUTRITION - A REVIEW 

JAMES D. KELLEY 
l)epa1·tnient of Horticultu1•p, 

University of Kentuclc11 
Lexington, Ky. 

Considerable emphasis has been placed upon studying the 
factors that influence the rooting of cuttings, the goal being 
to maintain an environment that will result in the greatest 

' percentage of rooted cuttings in the least amount of time. In-
formation that has been obtained has resulted in a manipu
lation of tempera.ture with the addition of heat, moistt1re by 
misting, day length by shading or using additional light, ap
plication of growth regulators and others. 

At the same time, little attention has been focused on fac
tors influencing the stock plant from which the cutting is 
taken and how temperature, light intensity, nutrition, photo
period, hormones treatment, moisture, and other factors might 
influence rooting of the subsequent cuttings. 

We often think of a cutting as the beginning of a new 
pla.nt, but it is really the continuatio11 of an existing plant 
and what the cutting will or will not do is to some degree in
fluenced by the environment conditions under which it de
veloped as the shoot or stem on a stock plant. 

Evidence that nutrition of the stock plant was a factor 
influencing root initiation and development of cuttings taken 
from such plants was first presented by Kraus and Kraybill 
in 1918 (9). They demonstrated that the carbohydrate·-ni
trogen ratio of tomato stems played a major role in rooting. 
They placed pieces of tomato stems l to 4 inches long and 
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without leaves 011 filte1· pape1· moistened with distilled wate1· 
and covered them with a bell Jar. The following rest1lts 
were observed: yellowish stems high in carbohydrates and 
low in total nitrogen produced many roots and weak shoots; 
greenish stems containing starch and fairly high in total ni
trogen produced 1·oots and shoots and green, succulent stems 
without starch, low in ca.rbohydrates and high in total nitro
gen all decayed without root or shoot production. 

Experiments by Schrader in 1924 ( 17), Star1·ing in 1924 
( 19), and Garner ( 4), in 1944 demonstrated that a high ratio 
of carbohydrates to nitrogen favored rooting in tomatoes 
and grapes. Sa1·ring (19) found that firmnes.s of stems could 
often be used as an index of carbohyd1·ate content. Stems low 
in carbohydrate are soft and flexible in contrast to those high 
in carbohyd1·ates which are firm and stiff. 

Knight (8) in 1926 was the first to attempt to classify 
cuttings according to their inte1·nal conditions. He recogniz
ed three types of stem cuttings on the mother pla11t: ( 1) 
leade1· in active g1·owth; (2) laterals in active growth, and 
late1·als with the terminal bud fo1·med. He noted that firm 
cuttings which had ceased growth we1·e much supe1·io1· -to ac
tively growing shoots and attributed better rooting to a 
higher carbohydrate content. 

Haun ( 5) grew stock plants of geranium at three levels 
of nitrogen, phosphorus, and potassium. He found that ni
trogen nutrition of the stock plant had a greater effect on the 
rooting response than did phosphorous or potassium. Low and 
medium levels of nitrogen resulted in a higher percentage of 
rooted cuttings than the high level. 

In work with /lex crenata 'Hetzi', Kelley (7) has shown 
a possible carbohydrate-nitrogen relationship (Table 1. Cut
tings from stock plants receiving a 1·elatively low nitrogen 
application produced the greatest total root length and lar
gest number of secondary roots while stock plants grown t1n
der high nitrogen conditions produced the leaRt number of 
primary and secondary roots. 

Tal)lC' I. Effect of niti·ogen 1111t1iti·o11 of ~tock pla11ts 011 1·ooti11g of Tie>: r1e,1ata 
'J-fctll'. 
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Ryan (15) recently reported that seedli11g stock of 
Eucalyptus ficifolia fertilized with nitrogen resulted in a re
duction of successful grafts. Seedling stock with a leaf nitro
gen content of 1.2 percent resulted in 100 percent successful 
grafts while plants with 4.1 percent leaf nitrogen gave only 
13 percent successful grafts.· Pregirdled scion wood also 1·e
sulted in a greater percentage of successful gr·afts. 

Pridham (13), after work with Liqitst1·um ovalifoliuni, 
concluded that the rooting of cuttings and subsequent growth 
of the young plant depended primarily upon the maturity and 
treatment of the parent. 

Other investigato1·s (2,3,11,12,18,23) have generallj' con
cluded that factors contributing to a high carbohydrate con
tent of the stock plant favored the rooting of cuttings. The n11tri
tion of the cutting material is of very great importance and rec
ognized by many. This is shown by attempts to induce a high 
carbohydrate-nitrogen ratio in stock plants by ringing, notch
ing, and root restriction. 

Cultural factors that contribute to a favorable ratio are 
growing the plants in full sun, applying limited amounts of 
nitrogen, controlling moisture, root pruning, and other pro
cedures that will generally restrict growth of the stock plant. 

Two micronutrients, boron and zinc, have been sho,vn to 
influence rootings. Samish ( 16) found that after fertilization 
of grapes with zinc, the tryptophan content of the cuttings in
creased and rooting was imp1·oved. Since tryptophan is a 
precursor of the naturally occurring auxin, indole-acetic acid, 
he attributed the results to a possible increase in indole-acetic 
acid. Beneficial results from zinc applications to stock plants 
have been noted in South Africa in the propagation of Marianna 
plum by hardwood cuttings. 

Boron was first shown to play a role in rooting by Hem
berg (6). He showed that when hypocotyls of Pha.seolus vul
garis, without cotyledons, were placed in tap water or in ex
tracts of dry leaves in distilled water they rooted but in dis
tilled water they did not, due to the absence of boron. 

Boron nutrition has also been shown to influnce rooting 
of chrysantheums. Tackett (21) found that chrysanthemum 
cuttings containing a leaf content of less than 35 ppm boron 
rooted poorly (Table 2). 

Albert and Wilson (1) found that boron was necessary 
for root tip elongation in tomatoes and concluded that when 
boron was not available to the root the ea.rly stages of cell de
velopment were influenced within 24 -hours. 

Little information is available concerning the effect of 
other micronutrients on rooting; however, they should not be 
overlooked. Likewise, the information for nitrogen in incom
plete, which means that much will have to be done before we 
know how stock plants should be handled for production <)f 
c11ttings with maxim11m rootability. 

The internal condition of the cutting is of great impoi·t-
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ance as show11 by the foregoing references. To date the 1·e
searcher has not characterized the internal conditions that 
favor rooting to a degree to be applicable to the plant p1·opa
gator. Until more is known about the factors which combine 
to modify these internal conditions, propagators will continue 
to be frustrated with seasonal and year-to-year variations in 
rooting due to a lack of knowledge of how environment inflt1-
ences stock plant and its effect on rootability of cuttings. 

It is important to remembe1· that nutrition is only one 
factor that is 1·elated to 1·ooting, but is interrelated ,vith othe1· 
factors in influencing successful plant p1·opaga.tion. 
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to1nato 1001 tip, l'l.111t l'hys1<)l 36 244-251 
Bra11d1,11, R 1939 Seaso11al vat 1Jt1ons 1n the starcl1 co11te11t of the 
gen11s Jlo1a and tl1e1r relat1011 l<> pt OJ)ag,1t1011 liy sten1 c11tt111gs. )0111 of Porn 
;ind Ho1 t Set 14 233-253 
Dl11llo11. I~ S 1963 I11fl11e11ce c,f stock J)la11t, t1eated ,v1tl1 ,•,1r1011s level, 
<>f 1111111ge11 i11 co111l)1nat1011 w1tf1 cl<1y-le11gtl1 c,11 1·oot1:1g of lilack c1111,1nt sten1 
c11tt111g, J11d1a11 J Hc,1·t 20 34-37 
(;arne1, R J 1944 P1opaga11011 Iiy c11tt111gs Jnd la)'Cts Rece11t ,v,11k a111I 
11~ appl1c,1t1011, ,v1th special refcre11ce 1,, pome a11cl ,t,,ne ft 1111s Tmpe1·1al 
l~11r Hoit ,111d Pla11t<1t1011 C1op~ 'J"cch (,om1111111 14, 80 p 
Ha 1111, J R. a11d P ,v Cot 11ell 1951 Root111g rcspo11sc o[ gera11111n1 
(Pe/a1g,,11111n1 l1or101·u1n, Batley v,1r R1ca1d) c11tt1ngs as 1nfl11enced by n1-
troge11, plro,pl1c,r11s, and pota,,111m 1111111t1011 of tl1e stock pla11t l'1oc Amer 
Soc Hott Set !i8· 317-323 
Hembcrg. 1". I9!il Root111g expet i111e11ts ,v1tl1 hypocotyl~ of l'l,asrn/11, 
v11l.~<1ri1 L. Pl1ys1olog1a Pl,111t,1111111 4 3:;s-369 
Kelly, J l) U11p11bl1,l1ed clat,t 
Kn1gl1t, R C 192(i 'J'l1e pt<>pagat1011 of [11111 stocks l>y ;tc111 c11tt111gs J 
l'on1ol 5 248-266 
K1a11,, E. J a11d H' R K1,1yli1ll 1!)18 \'egetat1on a11cl 1ep1ocl11ct1c,11 ,v11l1 
,pecial 1efere11cc tcJ tl1e to1n,110 ()1e Ag• Exp Sta 11111 14!) 
JVf111·1ay, R H, (, Tape1, T l'1ck11J). ,111cl 1\ l\l N11~,;ey !CJCi7 1101011 1111-
t11t1011 of ,oft,voocl c11t1i11g, ol ge1<111111111 a11d c111ra11t 111 1cl.111,,11 t·,, 1,,,,1 
clevelop111cnt !'1oc 1\111cr ,',oc l-fc11 t Set 69 498-r,OJ 
l'c:11-,c, H. J, 194'1 "l'he effect of n11t1·1t1c,11 a11cl phy1,,l1<>11nr,11cs 011 tltc 
1001111g ,,f VlllC c11tli11g, 1\1111 ,,r llot. N s 7·123-13~. 
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12 l'1esto11, \V I-I, J R Sl1a11ks a11cl l' ,,, C,1111ell l[)r,3 I11fl,1e11cc of 111111-
eral 11ut1·1t1011 011 p1odt1ct1on, 1oot111g, a11d s111·v1val of c11ttings of azaleas. 
Proc. Amer. Soc. Hort Sci 61 :499-5()7 

13 Pridham, A M. S 1942 fdcto1s 111 the r,,ot111g of cutt111gs a11d the growtl1 
of yot1ng pla11t, l'1oc Amer Soc Ho, t Sci 40.579-582 

14 Riehl, G 1952 Ma1111red mother-pl,1111s do not al\\•ays 111 ocl11ce cxcess,vc-
ly well-fed c11t11ng, Z1e1pflanre11lia11 2:143 

15. Rya11, G E 1966 G1·aft111g J~1,caly/>l111 f1c1fol1a 1'11e l'la11t l'1opagat<>1 
12: No 2, 4,6 

I 6 Sam1sh, R l\•I a11d P Spiegel 1957, The 111fl 11e11ce of t lie 11t111 i tio11 of t lie 
1nother vine 011 tl1e 1·0<,t111g of c11tt1ngs Ktav1111 8 93-100 

17. Scl1rader, .I\ L 1924 'I'he 1elat1011 ot cl1e1111cal con1pos1t1011 10 tl1e rege11-
e1·ation of 111,,ts ,1n<I 101Js 111 t<>111ato c11tt111g, P1·oc 1\n1e1·. Soc Hort Sr, 
21 187-194 , 

18 Sen, P. K a11cl ll N BJs11 1960 Effect <>f g1·owtl1 sub3ta11ccs 011 1·001 
fo1mat1011 111 c,111111gs of [11,/1,111 g,·11da11111a L as infl11e11cecl l1y v,1ryi11~ 
levels of nitrogen nt1tritio11 of stock plants Jnd1J11 J l'l.111t l'hys1<>l 3:72-8'\ 

J<J. Sta1Ting, C. C 1!)24 I11flt1ence •of c,11liohycl1ate-111trate co11te111 of c,1tt1ngs 
11pon the p1od,1c11011 ,1£ 1001s P1oc 1\111e1 S,,c Ho, t Sci 20 288-292 

20 Sunta1·as111g, Chat at 1950 Ro<1t1ng 1 e<p<insc c>f Cal1fo1111,1 1'11vet (Lig11,-
trum ol,a/1/0/111111 I-las,k) c11tt1ngs as 111fl11e11ce,l Ii)' 1111t11t1011 J11cl 1111111t1011-
i11doleb11ty11c ,1c1cl 1111c1 ,1ct1011 U11p11bl1sl1ccl t\·l,1ste1 of Sc1e11cc 1'11csis, Uni,. 
of J\,fd ' 

21 Tackett, •\ l<J62 Effect of 1l1e i111t1al bo1011 co111e11t of C/11y,a11the11111111 
mo11fol11111, ')'cllow l)cl,1,va1·e a11cl 1l1c 111te1act1on l1e1,vee11 lioro11 and 3-
1ndoleacc1ic ac,,I ,,11 1l1e 111t1atio11 of ,1clve11t111011s 1,101s lJ11p11l1!1sl1cd 1\1,,s
ter', Tl1e,1s, U111v or Ke11111cky 

22 Weiser, C J a11cl I" 'f' Bla11ey 1960 'l'hc eflecl~ of !)Oro11 on the 1,,01-
111g of E11gl1,l1 l1c>lly c11tt1ngs P1oc 1\111c1 S,,c Hc,11 Sci 7r, 704-710. 

2~ ,v1nkle1, 1\ J 1!)27 s,,111c f,1rt<>1s 111fl11e11c111g 1!1c 1,,,,1111g ,,r vi11c r11t1i11gs. 
Hilga1d1a 2 329-34!) 

KEN REISCH: The next pape1· is prepared by two 
tlemen. Dr. Meyer is now at the Unive1·sity of Illi11ois. 
Tukey will present the paper. 

ge11-
D1·. 

NUTRIENT APPLICATIONS DURING THE DORMANT SEASON 
H. B. 'fUKEY, JR., AND M. M. MEYER, JR. 

n1epa1·tment of Flo1·icultu1·e and Or1iamental Ho1·tic1ilt11.re, 
Cornell University, Ithaca, N. Y., 
and Department of Ho1·ticulture, 

Uriive1·sity of Illinois, UrlJana, Illnoi.c; 

Spring is not the only time for nutrient applications to 
nursery plants, and it may not even be the best time. How
ever, nursery plants in temperate regions grow rapidly during 
the spring and early summer. It is only natural to suppose 
that nutrient applications during this period would be most 
beneficial, and spring applications are common nursery prac
tice. 

However, many workers have shown that nutrients ap
plied to woody plants during the spring and summer ofte11 
produced no additional growth the year they were applied, 
but rather were absorbed and stored within the plants. The 
year following the nutrient applications, important growth 
differences were noted. Thus, the spring growth of woody 
plants is dependent to a large extent upon nutrient reserves 
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KEN REISCH: The next pape1· is prepared by two 
tlemen. Dr. Meyer is now at the Unive1·sity of Illi11ois. 
Tukey will present the paper. 

ge11-
D1·. 

NUTRIENT APPLICATIONS DURING THE DORMANT SEASON 
H. B. 'fUKEY, JR., AND M. M. MEYER, JR. 

n1epa1·tment of Flo1·icultu1·e and Or1iamental Ho1·tic1ilt11.re, 
Cornell University, Ithaca, N. Y., 
and Department of Ho1·ticulture, 

Uriive1·sity of Illinois, UrlJana, Illnoi.c; 

Spring is not the only time for nutrient applications to 
nursery plants, and it may not even be the best time. How
ever, nursery plants in temperate regions grow rapidly during 
the spring and early summer. It is only natural to suppose 
that nutrient applications during this period would be most 
beneficial, and spring applications are common nursery prac
tice. 

However, many workers have shown that nutrients ap
plied to woody plants during the spring and summer ofte11 
produced no additional growth the year they were applied, 
but rather were absorbed and stored within the plants. The 
year following the nutrient applications, important growth 
differences were noted. Thus, the spring growth of woody 
plants is dependent to a large extent upon nutrient reserves 
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accumulated i11 the plants prio1· to the sp1·i11g flush (4), that 
is, during the doi·mant season. Thus, it becomes obvious that 
nutrients applied during the dormant season might be effec
tive in promoting a greater amount of spring growth. How
ever, the first question which must be answered is ''Do the 
roots of dormant plants grow dui·ing the winte1·?'', for afte1· 
all, it is growing roots which absorb nutrients. 

Therefore, 3 to 4-year-old plants of .Taxus media 'Hicksii' 
and Fo1·sythia intermeclia 'Spring Glory' were grown in a soil 
peat: perlite medium in 1-qt. plastic containers. After the 
plants were completely dormant in the Fall, they were placed 
in a greenhouse in root environment chambers which con
trolled the root temperature at 35, 40 and 45°F, and the root 
growth was measured. 

The results in Figure 1 with Taxus show that there was 
no measurable root g1·owth at 35°F. However, when the root 
temperature was increased to 40 a11d 45°F., there was a con
siderable increase in the root growth even though the tops of 
the plants remained completely dormant. In addition, the 1·oot 
g1·0,vth of plants 1·eceiving nutrie11t applicatio11s ,vas mt1ch 
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gr·eater· than that of plants receivi11g no nL1t1--ients. Fot·sytJiia 
b,ehaved similarly . 

Roo•t growth of plant.s dt1r·ing the dormant season is now 
reported in mo,1 .. e than 45 species, inc1L1ding· f1L1it tr·ees) shade 
a11d fo1,.est t:r·e·es, and ornamental plants. Such growth is t1su
ally at a slowei-- rate du1,.ing the winter· t har1 du1,.ing the sum
mer, but as long as the soil r·en1ain s unfrozen, 1--oot growth will 
continue. 

The next question to, ask is if these growi11g ro.ot,s can ab
s01·b nutrients from the soil and ar·e the absorbed nut1,.ients 
translocated into the above-.g1"ound pa1'is and sto1--ed. Acco1--d
ingly, 11utr·i·ents wer·e applied to the roots of you11g Taxus 
pla11ts ·growing in containers late ir1 the growing seaso11. Ni
troge·:n wa.s applied as NH.LNO :.:, phos·pho1rus a.s KH~PO_L, a.nd 
pota.sium as K~.SO _. a11d Kii:!P0.1• The nitI·o·gen, phosphoru.s., 
anti potassium co•nte·nt of the ste:ms and needles wa.s measl1red. 
in Apr·il, while the plants wer··e still dor·mant, a.nd th,e re,su,lts 
of these a11alyses are sho,wn in Ta.ble 1. As the an1ou11t of ni
troge·n appli,e·d to the ro·ots wa.s incre·ased from O to 135 mil
ligrams p,er plant, the co,ncent1'"ation of 11itroge.n in the do1--
mant stems increased from 1.54 to 2.37 pe1~cent dry weight. 
Similar re·sL1lts were obtain·e·d with p·ho1spho1·us and potassium 
in that increa.sed application rates to the r·oots increased the 
do1.--ma11t seas.on nutrient cont.e·nt in the p lant.s . 

In another experi.ment, Smith (7) reported that radioac
tive phosphor11s wa.s quickly abs·orbed by the roots of dor·mant 
fruit .seedlings and was tr~anslocated into the dormant stems 
accL1rnulating in the regions of the buds. 

l"':1l>l c· l . l11fltt e11 cc <>( 1·oc)it ~1ppli c~1Lj o r1 s c)f , f>, a 11 fl K 1,J1e p r evi<) ll. sc::1~,c>11 0 11 
t l1e 111tlri e 11L C<>11t c 111t (>f d c,1·111a11t. 'Trr.x 11 .. 'i r:> la11 ts, 011 tlle f<> ll<>Wi11g sp·rir1g· 
growt l1 . a 11cl <>'11 tl1e l11irte ral cor1te11r o f 11e,-v g1·0 ,.v tl·l.1 

Tr1·a t111 cnt 

Nj1troge111 (mg) 
.o . . . . . . . . . . . . . . 

4 5 . . . . . . . . . . . . . . 
9 0 . . . . . . . . . . . . . . 

135 . . . . . . . . . . . . . . 

Phosp.horus (mg) 

I ) 1) r n, an t nu t r i c 11 t 
content 

(% clry wt ) 

l .54 
1.95 
2.18 
2.37 

0 ..... ......... 0.157 
175.... .. . . . . . . . . . 0.193. 
3·50 . . . . . . . . . . . . . . 0.209 

Potassit1m (mg) 
0 . . . . ,. . . . . . . . . . 

9 0 . . . . . . . . . . . . . . 
18 0 . . . . . . . . . . . . . . 

-

- - - -

0.63 
0.78 
0.82 
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Spr in g 
g rc;wth 

(g f1~csl1 wt.) 

19.67 
29.57 
36.50 
38.19 

26.52 
31.46 
34.97 

--·--

30.83 
31.92 
30.20 

Mi n · r;d C<i ntcnt 
nf ncv-, g r1 ,,v t h 

1.49 
1.67 
1.69 
1.77 

0.206 
0.258 
0.266 

- --

J .04 
1.34 
1.41 



These 1·esults effectively demo11st1·ate that 1·oots g1·owing 
du1·ing the dormant season can effectively absorb nutrients 
du1·ing this pe1·iod and that the nutrients a1·e translocated in
to the above-g1·ound parts in preparation fo1· spring g1·owth. 

The next question to be answe1·ed is, ''A1·e n11trients 
,vhich are absorbed in the dormant season effective in pro
ducing gro,vth the following sp1·ing''? The results in Table 1 
show that as the nit1·ogen conce11t1·ation inc1·eased from 1.54 
to 2.37 pe1·ce11t, the spring g1·owth almost doubled from 20 
g1·ams f1·esh ,veight pe1· pla11t to mo1·e than 38 grams. Simi
la1·ly. phospho1·us applications caused an increase f1·om 26.5 
g1·ams to 35 grams. New gro,vth was not only stem length, 
but also a11 inc1·ease in the numbe1· of lateral shoots which de
,,eloped. 

Potassium applications did not increase the amount of 
sp1·ing gro,vth of Taxi1s, but in For·sythia they did have an 
influence upon winte1· in.i ury. For·sythia plants which did not 
1·eceive high co11cent1·ations of potassium suffe1·ed consider
abl}' from winter injury, whereas those which did recei,,e po
tassium applications suffered no damage. This emphasizes 
the impo1·tance of potassium in the total development of the 
plant, and it emphasizes the importance of a cor1·ect n11trient 
balance in plants for winter survival. 

I,t is also interesting to note in Table 1 that the nut1·ient 
co11cent1·ation of the new sp1·ing growth was increased sub
stantial!.)' by nutrient applications the previous season, thus 
inflencing the potential futu1·e growth of the plants. 

The 1·esults of these expe1·iments and those repo1·ted in 
the literatu1·e ( 1,2,3,6, 7,8) demonstrate that fall applications 
of nutrients a1·e successful in that (a) roots of many woody 
plants continue to grow in unfrozen soil th1·oughout the win
te1· and do not become do1·mant like the above-ground parts, 
(b) these growing roots absorb nutrients efficiently, (c) the 
nut1·ients are translocated into the do1·mant above-gro11nd 
pa1·ts, and ( d) a1·e used in making inc1·eased growth the fol
lowing sp1·ing. 

Fall nutrient applications offe1· several advantages ove1· 
mo1·e conventional sp1·ing applications. Fo1· example, soils in 
sp1·ing are wet and cold and may not exceed 35 to 40° in the 
root zone until the sp1·ing flush of growth is well unde1·,vay. 
Unde1· such cool soil temperature conditions, the activity of 
soil mic1·oorganisms is inhibited and nut1·ient availability is 
1·educed. In addition, root uptake of nutrients is also inhibit
ed by cool soil tempe1·atu1·es. The1·efore, when woody plants 
are making their most 1·apid g1·owth of the year, and when 
n11trient 1·equi1·ements a1·e at thei1· highest, nutrients may not 
be available no1· be absorbed until too late for that season's 
growth. And even in the best of years, there is only a critical 
period of a few days du1·ing which nutrients must be applied, 
carried into the root zone, absorbed, and translocated into the 
growing regions. Such precise timing of spring applications 
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is often impossible with the p1·essure of othe1· sp1·ing ,vo1·k 
and land which is too wet to work. · 

In the fall, it is a ve1·y different situation. Cold ai1· tem
pe1·atures and cultural practices induce dormancy in the tops 
of woody plants. Howeve1·, soil temperatu1·es i11 the 1·oot 
zo11e 1·emain warm fo1· a conside1·able pe1·iod after the tops 
a1·e do1·mant. In Ithaca, soil temperatures at the 4-inch depth 
may exceed 40-45 ° until well after Christmas, allowing more 
tha11 6 weeks afte1· plants a1·e fully dormant du1·ing which 11u
t1·ients can be applied safely and absorbed by the plants. The 
fall season is often a more convenient time for field work, and 
fall nutrient applicat.ions can be combined with fall herbicides 
t1·eatments. Fall nutrient applications made after plants a1·e 
fully dormant will avoid any 1·isk of winter in,iury, and in 

· fact, there is good evidence that winte1· hardiness is improved 
by such applications. -

I 
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KEN REISCH: Last but not least, ce1·tainly, is a sub.iect 
that is receiving a lot of attention now, particularly in other 
parts of the country and other industries,, is fertilizer in.iec
tion sys.terns. To present this is Dick Bosley, Mentor, Ohio. 
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A FERTILIZER INJECTION SYSTEM 
RICHARD W. BOSLEY 

Di1·ecto1· B<>sley P1·oducts 
M e·rito·1·, Ohio 

INTRODUCTION 

-

I 11 1·ece11t yea1·s the1·e have been 1·apid gains of k110,vleclge 
i11 the fields of g1·owing plants unde1· stress. The coming of 
age of container g1·owing has caused us to t1uestion many of 
ot11· p1·evious values and to investigate a1·eas and indust1·ies, 
that seem quite foreig11 to us, for the answers. Some of the 
a1·eas in t1uestio11 we have discussed at this meeting, such as 
,vinte1· p1·otectio11. Othe1·s, such as the medium 1·equirements 
brought about by the short soil colu,mns in cans, is causing 
tJuite a sti1· in the wood p1·ocessing indust1·ies as they see a 
large potential ma1·ket fo1· thei1· wood by-p1·oducts. I11 Cali
fo1·nia, 1·edwood sawdust has go11e f1·om a material which the 
mills we1·e glad to see you haul away to a 1·athe1· high priced 
item of sho1·t supply today because Dr. 0. A. Matkin, of Soil 
and Plant Laborato1·y, Inc. developed its t1se as a soil amend
ment. Anothe1· a1·ea which is still undergoing a revolution 
is that of plant nut1·ition and how to supply it. It has become 
i11c1·easingly obvious that if you a1·e to compete in the field of 
co11taine1· growing with the California nu1·serymen, then you 
mt1st p1·oduce the plant in the sho1·test possible time. One of 
the 1·equirements to achieve this is to t1·y to maintain an op
timum fe1·tility level at all times. The level that you conside1· 
optimum may well change f1·om week to week as the season 
develop but the goal does not. 

In sea1·ching fo1· a means of doing this ,ve ,ve1·e ve1·y de
pe11dent upon Dr. F1·ed Peterson, of the Soil and Plant Labo1·
ato1·y, Inc., ,vho with the assistance of M1·. Ed Kott, of the 
l\1ilton Roy Company, developed the electrical component type 
p1·oportioning system, previously utilized exclusively in indus
trial p1·ocess control applications. I will try to illustrate and 
explain the ope1·ational characte1·istics of the system and show 
,,,hat advantages it has. 

SYSTEM GOALS 
P1·ior to our installation of the injection system ou1· 

n1ethod fo1· fe1·tilizing container stock, after that which was 
inco1·po1·ated in the initial medium, was to top dress. There 
were a numbe1· of p1·oblems with this method though; high 
labor costs and the very slow reaction time after getting the 
1·esults of soil tests f1·om the laborato1-y, we1·e the most se1·
ious ob,1ections. Du1·ing ou1· ve1·y sho1·t g1·owing season we 
ca11not affo1·d to have the plants below op'timum fertility fo1· 
the period of days it takes to apply fertilizer by hand. Slow 
release fertilize1·s could be used but they again require a lot 
of labor to apply and you loose control of the fe1·tility program 
as soon as you put it on. It seemed obvious that we had to 
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come to a constant feed th1·ot1gh the i1·rigatio11 system as the 
plants need for fe1·tilizer was related to it's wate1· use. 

Some of the equipment requi1·ements fo1· constant feed 
th1·ough the irrigation were: 1) Dependable operation, 2) Ease 
of Ratio Ad.1ustment, 3) Automatic Maintenance of Constant 
Ratio, 4) Optional Accesso1·ies, 5) Engineering Service, and 
6) Economy. To go in to some of these points in g1·eater de
tail - The pump had to be cleperidable, designed to handle 
ve1·y corrosive chemicals, and had to be able to pass some 
solids v.,ithout damage. It had to be 1·uggedly const1·ucted for 
indt1strial-type service to give long life and reliable, operation 
,,,ithout costly maintenance. 

The system had to have ease of 1·atio ad.iustment. 'l'he 
1;t1·engtli of solution delive1·ed to the plants had to be adjust
able over a wide range by simply tu1·ning a micrometer con
trol on the pump. No premixing of various fertilizer solu
tion strengths could be tole1·ated to the labor factor and the 
possibility of e1·rors. 

It might be desireable to have accesso1·ies available for 
the basic fertilize1· system such as conductivity monitering 
equipment on the main irrigation line to shut the equipment 
down so as to protect against ove1·fertilization; automatic low 
flow cut off; solution tank low-level alarm system; and anti 
siphon devices between the pump and the main line. 

The automatic maintenance of a constant fe1·tilizer-to
,vater ratio, once the pump is set, is 1·equired to be automati
cally and accurately maintained over the entire flow range for 
,,,hich the system is designed. 

It is impo1·tant that the manufacturer of the in.iector 
have an engineering inte1·est in developing its hardware for 
fe1·tilizer applications. 

Even though the cost must be evaluated on the basis of 
the useful life of a system rather than upon the initial cost, 
the total cost still had to be within 1·each of our industry mem
bers. 

3 SUB SYSTEMS FLOW SENSING 
The1·e are three sub systems into which the com

lJonents that we arrived at can be divided. The first 
sub system is the flow sensing. Two methods are currently 
being used. Where the water supply is free of sediment or 
suspended material such as fine sand, wa.ter meters, equiped 
with an elect1·ical pulse generator can be used. These devices 
produce an electrical pulse signal with frequency proportion
ate to flow. If the water is not clear, flow must be sensed by 
a diffe1·ential p1·essu1·e p1·oducing device. This device, in the 
case of ou1· system, consists of a plate with a two inch hole in 
it inse1·ted in the th1·ee inch main line. As the wate1· rushes 
through the smaller hole it produces higher pressure on the 
pump side and lower pressure on the irrigation side of the 
orifice plate. Small tubes transmit these signals to the tele-
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metering equipment. 'I'he system has a flow rate ra11ge-abili
ty of 10 :1 with a p1·ecision of plus or minus 2 o/a. In our sys
tem this means that the equipment will start in_jecting fer
tilizer at a flow as low as 15 G.P.M. and keep in_jecting the 
same proportion of fertilizer per gallon up to a flow of 150 
G.P .M., Range ability as high as 25: 1 can be had but at a 
much greater cost. Flow sensors are available in sizes to ac
commodate l/2'' pipe up to and including 48'' pipe, with flow 
rates f1·om 20 G.P.M. (gallons per minute) to thousands of 
G.P.M. 

TELEMETERING 
The second subsystem is the telemetering or transmitting 

equipment. Once a physical signal of a measurable type is 
developed by the flow sensor, this signal must be interpreted. 
The telemeter causes the in.iection pump to work more 01· less 
on a 15 second cycle depe11ding on the flow th1·ough the mai11 
line. Within the telemetering box is a device that automati
cally turns the equipment on when it senses a flow 1·ate ove1· 
15 G.P.M. and off when it drops below that figure. This is 
ve1·y useful to us as the equipment is 1·emote from the wate1· 
pump controls and clocks. 

PUMP 
The third subsystem is the pump, ,vhich was selected to 

meet requirements with respect to capacity, type. and ma
terials of construction. Our pump is a duplex type; that is. 
there are two independent sides to the pump, one for nitro
gen and the other for potassium, each of which has the ability, 
when set at 100 o/,J to pump, under continuous operation, 18 
gallons per hour of fertilizer. Each head is individually 
adjustable, with a mic1·ometer device, from O to lOOo/a. The 
fertilizer concentrations in the solution tanks remain the 
same all year and soil test reports simply indicate a new set
ting for each of the mic1·ometer ad_just.ments. If we have sev
eral days of rain ,vhich lower the fertility level in the con
tainers by leaching, this equipment allows us to b1·ing the fer
tility level back to normal by simply putting on a ~1!'' of addi
tional water, as soon as it stops raining with both vernier ad
justments set at 100 % and then returning them to'their previ
ous settings. Special applications, such as iron, are easy to 
make by simply removing one of the lines from the solt1tion 
tank and switching it to a special tank. This equipment can 
also be adapted to apply concentrate sulfuric acid, to ove1·
come a bicarbonate content in poor water, if this is needed. 

The solution tanks are 80 gallons each capacity. We 
dump 400# of ammonium nitrate into one tank and 100# of 
Murate of Potash in the other. A rather normal setting 
would be 20 % on the nitrogen and 40o/,, on the Potassium. One 
filling of the Nitrogen tank will feed about 150,000 gallons 
of line irrigation water. The Ammonium Nitrate is 33 'f<, 
and the Muriate of Potash 60',¼,. 
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The system costs betwee11 $2-4,000.00 dolla1·s, depe11di11g 
on how fancy it is, and has an expected life of ten years. On 
the credit side should be listed the return one must expect 
from increased p1·oductivity and the savings one must expect 
from reduced labor and incre8.sed efficiency of application of 
fe1·tilizer materials. We feel that to start a container growi11g 
nursery today, one of the first items you would need would 
be a fork lift and the second would be a good injection sys
tem. The manufacturer of this equipment is the Milton Roy 
Company, Philadelphia, Pa. 

KEN REISCH: We will now have some time for questions. 
HENRY KNOX: Very briefly, we have a large greenhouse 

operation and fi11d the Ferto-jet from California ve1·y satis
factory. It is a strictly mechanical apparatus with the excep
tion of the electricity 1·equired fo1· the motor driving the 
pu.mp. It is a double action piston. With our system it is set 
up to a 1·atio 1 to 100, one part fe1·tilizer to 100 p~rts wate1·. 
This does necessitate ad.iustment of the amount of fertilize1· 
put into :}'Our concentrate tank. It will operate at a complete 
range from a hose which will take about 1/2 gallon per mint1te 
to the maximum capacity of the line. We use a high pressure 
water pump which increases our water p1·essure to 150 p.s.i. 
and we found othe1· in.iectors would not function at these high 
pressures. This system has ,vorked well for us over the past 
4 yea1·s with little maintenance. The cost for us i11 Canada was 
$525, including duty. 

KEN REISCH: Thank you Mr. Henry. The florist industry 
has been using this system successfully for years. 

BEN DAVIS: I would like to ask Dr. Tukey what kind of 
fertilizer he used on the fall applications. 

HAROLD TUKEY: We used ammonium nitrate, potassit1m 
dihydrogen phosphate, and also potassit1m sulfate. 

BEN DAVIS: What about using a commercial grade of 
fertilizer? 

HAROLD TUKEY: I see no reason why you could not. 

CASE HOOGENDOORN : Do you conside1· the best time to 
fertilize nursery stock, November? · 

HAROLD TUKEY: In Ithaca we usually say the latter part 
of October, November, early of part of December for our 
weather. 

VOICE: In what tissues is the fertilizer stored afte1· it is 
taken up in the fall. 

HAROLD TUKEY: Most of this material supplied accumu
lates just behind the buds. With the fi1·st break in the weath
er it moves in rather quickly. 
. JOHN ROI:LER: . What happens during warm pe1·iods, say 
111 Ja11t1a1·y, with this food storecl right behi11d the bud? Does 
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that i11c1·ease the da11ge1· of ,vi11te1· damage'! 
HAROLD TUKEY: Whether there is more or a quicker 

break from fall fertilized plants is a question. I don't think 
that fall application makes a plant any more susceptible to 
winter injury. In fact just the opposite, fall applications seem 
to make a plant mo1·e winte1· hardy. But, if you get an t111-

usual season and things begin to break in winter, definite!)· 
they will get clipped. 

, 

' 
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