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INTRODUCTION
Goal: To improve rooting success of winter propagated hardwood evergreen cut-
tings, and to reduce unacceptable levels of variability in rooting from year to year.

Location: Grand Haven, Michigan, approximately 5 miles from Lake Michigan. 
Days are short with frequent cloud cover from November-February.

Rationale: Despite a lack of data for minimum required light intensity to root ev-
ergreens, Dr. Paul Fisher of Young Plant Research recommends a minimum Daily 
Light Integral (DLI) of 3–5 mol∙m-2∙d-1 (pers. commun. 16 Oct. 2008). 

Monitored greenhouse 2008 DLI values were found to be well below target values 
January until March, (Fig. 1).

High pressure sodium (HPS) lights were installed in December 2008 to provide a 
minimum light level of 3 mol∙m-2∙d-1 on rooting plants.

Twenty-eight species of evergreen cuttings were trialed: 66,000 cuttings under 
HPS lights and 311,000 cuttings under natural light as control.

Figure 1. Monitored greenhouse 2008 daily light integral values.

MATERIALS AND METHODS
Daily Light Integral (DLI): Described by Dr. Eric Runkle, DLI refers to the num-
ber of light particles, or photons, received during one day, measured in the number 
of moles of light per square meter per day.
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Light Monitor: A Model 305 Watch Dog Weather Tracker by Spectrum Technolo-
gies was mounted on an irrigation boom approximately 2 ft above crop level to 
monitor accumulated light during the winter of 2008 which determined the need 
for supplemental light.

HPS Lights: Twenty-two PAR Source 1000 Watt HPS lights with electronic bal-
lasts were installed at truss height of 12 ft, spaced in a double column 12 ft apart, 
illuminating a 24-ft by 130-ft (~3100 sf) portion of a Westbrook open-roof style 
greenhouse.

Light Map: PAR Source predicted an average light level of 648 ft-c on the green-
house floor. Photosynthetically active radiation (PAR) light corresponds to a DLI of 
85 micromol∙m-2/sec. Therefore, hourly accumulation of PAR with the HPS lighting 
was 0.306 mol∙m-2∙d-1.

Light Sensors: Two LI-COR quantum sensors were installed 6 ft above the floor — 
one in the lighted area and the other in the unlighted (natural light) area. The 
sensors were connected to a QCOM greenhouse control computer for tracking pur-
poses. The boom-mounted Weather Tracker unit must be manually recorded and 
stores only 30 days of data. The HPS lights and sensors were installed 10 Dec. 2008. 
Some of the trial cuttings were previously stuck and then moved under the lights, 
which could have skewed final results.

Lighting Goal: Lights were programmed to be on for a maximum of 9.5 h per 
day, if required, to achieve a minimum acceptable DLI of 3 mol∙m-2∙d-1 in the light-
ed area. 

Media: Cuttings were stuck in a 50% peat/perlite medium in 72- or 98-cell trays.

Temperatures: Air temperatures were maintained between 40 and 55 °F. Root 
zone temperatures were maintained at 68 °F.

Rooting Percentages: Final rooting percentages were based on live counts follow-
ing transplanting during the Spring of 2009 (Table 1).

RESULTS AND CONCLUSIONS
Recorded average daily light levels were as shown in Fig. 2.

Positive Results: High pressure sodium lighting had a positive effect on the root-
ing of 10 taxa, notably Cephalotaxus harringtonia and several taxa of Thuja oc-
cidentalis (Table 1).

Inconclusive Results: Fourteen taxa exhibited less than a 10% difference in root-
ing results. More controlled studies are required with these taxa (Table 1).

Negative Results: Negative results were exhibited by four taxa (Table 1).

Re-trial: A new trial will be initiated this winter to provide a minimum of 
3 mol∙m-2∙d-1 from the time the cuttings are stuck.

LITERATURE CITED
Fisher, Paul. 2008. University of Florida, Young Plant Research Center, IFAS Extension, 

2549 Fifield Hall, Gainesville, Florida 32611. Personal Communication.
Runkle, E. 2006. Daily light interval defined; GPN. Nov. 2006.
Runkle, E. 2006. Do you know what your DLI is? GPN. Dec. 2006.



Combined Proceedings International Plant Propagators’ Society, Volume 59, 2009470

T
ab

le
 1

. 2
00

9 
ro

ot
in

g 
re

su
lt

s.

T
ax

a 
C

ut
ti

ng
s 

st
uc

k 
C

ut
ti

ng
s 

ro
ot

ed
 

W
ee

k 
7 

ro
ot

in
gZ  

(%
) 

F
in

al
 r

oo
ti

ng
 (%

)

P
os

it
iv

e 
re

su
lt

s 
w

it
h 

H
P

S
Y
 li

gh
ti

ng
 (1

0%
 o

r 
gr

ea
te

r 
ga

in
 in

 r
oo

ti
ng

):

C
ep

ha
lo

ta
xu

s 
ha

rr
in

gt
on

ia
 ‘D

uk
e 

G
ar

de
ns

’ 
6,

86
0 

2,
17

6 
0 

32
 

8,
03

6 
3,

84
0 

0 
48

C
ep

ha
lo

ta
xu

s 
ha

rr
in

gt
on

ia
 ‘F

ri
tz

 H
ub

er
’ 

21
,6

58
 

8,
44

8 
0 

39
 

5,
88

0 
3,

16
8 

0 
54

C
ha

m
ae

cy
pa

ri
s 

pi
si

fe
ra

 ‘S
un

go
ld

’ 
1,

76
4 

1,
18

4 
74

 
67

 
1,

96
0 

1,
50

4 
80

 
77

Ju
ni

pe
ru

s 
ho

ri
zo

nt
al

is
 ‘H

ug
he

s 
G

ol
d’

 
3,

31
2 

2,
52

8 
40

 
76

 
1,

44
0 

1,
24

8 
57

 
87

T
hu

ja
 o

cc
id

en
ta

li
s 

‘F
ili

fo
rm

is
’ 

2,
35

2 
1,

92
0 

N
/A

 
82

 
2,

15
6 

1,
98

4 
77

 
92

T
hu

ja
 o

cc
id

en
ta

li
s 

‘G
ol

de
n 

G
lo

be
’ 

2,
66

4 
1,

85
6 

30
 

70
 

1,
44

0 
1,

18
4 

43
 

82
T

hu
ja

 o
cc

id
en

ta
li

s 
‘N

ig
ra

’ 
12

,7
44

 
3,

71
2 

7 
29

 
2,

16
0 

1,
08

8 
7 

50
T

hu
ja

 o
cc

id
en

ta
li

s 
‘S

m
ar

ag
d’

 
6,

12
0 

2,
40

0 
3 

39
 

2,
16

0 
1,

40
8 

60
 

65
T

hu
ja

 o
cc

id
en

ta
li

s 
‘T

ec
hn

y’
 

4,
24

8 
38

4 
0 

9
 

2,
88

0 
64

0 
7 

22
T

hu
ja

 o
cc

id
en

ta
li

s 
‘T

ec
hn

y 
G

ol
d’

 
35

,0
64

 
10

,7
84

 
20

 
31

 
3,

60
0 

2,
52

8 
37

 
70

In
co

nc
lu

si
ve

 (l
es

s 
th

an
 a

 1
0%

 d
if

fe
re

nc
e 

w
it

h 
H

P
S

 li
gh

ti
ng

)

B
ux

us
 ‘G

re
en

 V
el

ve
t’ 

53
,0

18
 

47
,3

60
 

37
 

89
 

1,
37

2 
1,

24
8 

80
 

91
C

ha
m

ae
cy

pa
ri

s 
la

w
so

ni
an

a 
‘S

ul
liv

an
’ 

3,
45

6 
2,

88
0 

87
 

83
 

1,
44

0 
1,

28
0 

97
 

89
C

ha
m

ae
cy

pa
ri

s 
la

w
so

ni
an

a 
‘O

re
go

n 
B

lu
e’

 
3,

88
8 

2,
81

6 
74

 
72

 
1,

44
0 

1,
12

0 
93

 
78



471
C

ha
m

ae
cy

pa
ri

s 
pi

si
fe

ra
 ‘S

tr
at

hm
or

e’
 

2,
35

2 
1,

92
0 

N
/A

 
82

   
(s

yn
. ‘

M
in

i V
ar

ie
ga

ta
’) 

1,
66

6 
1,

44
0 

87
 

86
Il

ex
 g

la
br

a 
‘C

om
pa

ct
a’

  
10

,8
78

 
9,

44
0 

97
 

87
 

1,
96

0 
1,

56
8 

93
 

80
Il

ex
 g

la
br

a 
‘S

ha
m

ro
ck

’ 
33

,7
12

 
28

,7
68

 
97

 
85

 
1,

96
0 

1,
66

4 
97

 
85

T
ax

us
 c

us
pi

da
ta

, ‘
F

as
ti

gi
at

a’
,  

13
,5

36
 

10
,9

44
 

60
 

81
   

C
ap

ta
in

T
M
 J

ap
an

es
e 

ye
w

 
1,

44
0 

1,
21

6 
83

 
84

T
hu

ja
 o

cc
id

en
ta

li
s 

‘D
eg

ro
ot

’s
 S

pi
re

’ 
3,

09
6 

2,
56

0 
73

 
83

 
1,

44
0 

1,
24

8 
87

 
87

T
hu

ja
 o

cc
id

en
ta

li
s 

‘H
et

z 
M

id
ge

t’ 
5,

40
0 

2,
27

2 
33

 
42

 
2,

16
0 

96
0 

57
 

44
T

hu
ja

 o
cc

id
en

ta
li

s 
‘W

an
sd

yk
 S

ilv
er

’ 
4,

46
4 

2,
59

2 
7 

58
 

2,
16

0 
1,

28
0 

7 
59

T
hu

ja
 o

cc
id

en
ta

li
s 

‘W
oo

dw
ar

d 
G

lo
be

’ 
3,

60
0 

1,
47

2 
0 

41
 

2,
16

0 
1,

02
4 

13
 

47
T

hu
ja

 o
cc

id
en

ta
li

s 
‘Y

el
lo

w
 R

ib
bo

n’
 

10
,1

52
 

6,
86

2 
63

 
68

 
2,

16
0 

1,
66

4 
70

 
77

T
ax

us
 

m
ed

ia
 ‘H

ic
ks

ii’
 

3,
74

4 
3,

48
8 

90
 

93
 

1,
44

0 
1,

28
0 

10
 

89
M

ic
ro

bi
ot

a 
de

cu
ss

at
a 

7,
99

2 
5,

27
4 

80
 

66
 

2,
16

0 
1,

29
6 

87
 

60

N
eg

at
iv

e 
re

su
lt

s 
w

it
h 

H
P

S
 li

gh
ti

ng
:

B
ux

us
 s

em
pe

rv
ir

en
s 

‘W
ed

di
ng

 R
in

g’
 

3,
33

2 
2,

72
0 

27
 

82
 

 
1,

96
0 

1,
12

0 
40

 
57

C
ep

ha
lo

ta
xu

s 
ha

rr
in

gt
on

ia
 ‘F

as
ti

gi
at

a’
 

13
,6

80
 

6,
40

0 
10

 
47

 
3,

60
0 

1,
28

0 
0 

36
C

ha
m

ae
cy

pa
ri

s 
pi

si
fe

ra
 ‘V

in
ta

ge
 G

ol
d’

 
28

,2
24

 
24

,9
92

 
97

 
89

 
1,

96
0 

1,
37

6 
97

 
70

T
ax

us
 

m
ed

ia
 ‘D

en
si

fo
rm

is
’ 

9,
43

2 
8,

67
2 

63
 

92
 

2,
16

0 
57

6 
87

 
27

Z R
an

do
m

 s
am

pl
in

g 
of

 2
8 

pl
an

ts
 

Y
H

P
S

 =
 H

ig
h 

pr
es

su
re

 s
od

iu
m

S
ha

di
ng

 d
en

ot
es

 H
P

S
 li

gh
ti

ng

Results of Supplemental Lighting to Improve Winter Rooting of Evergreen Cuttings



Combined Proceedings International Plant Propagators’ Society, Volume 59, 2009472

Figure 2. Average daily light levels.


