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Herbicide Use in Propagation of Nursery Crops
Diana R. Cochran, Charles H. Gilliam, D.J. Eakes,
Glenn R. Wehtje and Patricia R. Knight
Auburn University, Dept. of Horticulture, Auburn, AL 36849
cochrdr@auburn.edu
Index Words: Pre-emergent herbicides, isoxaben, oxadiazon,
oxyﬂuorfen+oxadiazon, Loropetalum chinense
Signiﬁcance to Industry: Loropetalum chinense ‘Ruby’ (R. Br.) is a broadleaf,
evergreen nursery crop propagated in outside beds during the summer. These
conditions are ideal for germination and growth of weed species. A successful
weed control program in the ﬁeld is in part dependent upon starting with a weed
free liner. In this study three pre-emergent herbicides were applied to cuttings of
Loropetalum chinense ‘Ruby’ at three different rooting levels. Results indicated
timing of herbicide application determines effectiveness of pre-emergent
herbicides in propagation.
Nature of Work: Weeds are a major issue in production of nursery crops even
more so in propagation (4). Currently hand weeding is the major form of weed
control in propagation but can suppress growth of cuttings through mechanical
disruption (2). In 2001 no pre-emergence applied herbicides were labeled for use
on non-rooted cuttings and few herbicides were labeled for use on liners (1, 3).
A reason for lack of herbicide use in propagation is because of safety issues with
herbicide use in en-closed areas. The objective of this study was to determine
if three commonly used herbicides could be used safely during propagation, of
Loropetalum chinense ‘Ruby’.
On August 2, September 8, and November 4, 2005 propagation ﬂats were
treated with three pre-emergence applied herbicides to evaluate affects on
rooting of Loropetalum chinense ‘Ruby’. Gallery (isoxaben) at 1lb/aia, Ronstar 2G
(oxadiazon) at 4lb/aia, and Regal 0-0 (oxyﬂuorfen + oxadiazon) at 3lb/aia were
applied either before sticking, when cuttings were lightly rooted, or when cuttings
were fully rooted. Terminal cuttings 7 to 9cm were stuck in 3.5inch containers
utilizing a pinebark:sand 6:1 (v:v) medium amended with Polyon 17-6-12 @
9lbs yd3, Micromax @ 1.5 lbs/yd3, and dolomitic lime @ 5.0lbs/yd3. Each cutting
was dipped in Dip ‘N’ Grow 1part:5parts water (2000 ppm IBA) for 4 seconds
prior to sticking. This study is a 3×3 factorial with 9 replications of 9 containers
per replication in a completely randomized design.
Before sticking propagation ﬂats were treated an hour before cuttings were stuck
and watered in with a 0.25inch. All pots were placed in outdoor cold frames with
overhead mist every 5 minutes for ﬁve seconds from 8am to 7pm. Thirty-eight
days after sticking (DAS) September 8, 2005 a separate group of lightly rooted
cuttings not previously treated were pulled from the mist beds for an hour at
8:00am, to allow drying prior to treatment. Thereafter the foliage was brushed off
and plants watered in with a 0.25inch and returned to mist. On November 4, 2005
(94 DAS) the ﬁnal treatment (fully rooted) was applied the same as the second
treatment and left under mist for one week before being moved to a retractable
shade house for overwintering.
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Data was collected 65 and 248 DAS. At 65 DAS, shoot number per cutting and
average length of three longest shoots were counted/measured. Four plants
from each replication were randomly selected to determine number of primary
roots, average length of three longest roots, and root fresh weight (grams). After
over-wintering April 7, 2006 (248 DAS) growth indices and percent root rating
(0-100 scale) were taken prior to potting in full gallons.
Results and Discussion: Before Sticking at 65 DAS – Gallery had no affect
on shoot growth or root growth (Table 1). Whereas Ronstar and Regal 0-0
suppressed new shoot and root growth compared to the non-treated control. For
example, Ronstar and Regal 0-0 suppressed shoot length by 44 and 37%, and
root length by 30 and 16% compared to the non-treated control.
Lightly rooted at 65 DAS – Compared to the non-treated control there was
no treatment affect on new shoot growth or root fresh weight (Table 1). Slight
suppression in root length occurred in all herbicide treatments compared to
the non-treated control with the exception of Ronstar. Gallery and Ronstar had
slightly less root numbers compared to Regal 0-0 and non-treated control.
Before sticking 248 DAS – Gallery and Ronstar were similar but had less shoot
growth than the non-treated control plants while Regal 0-0 caused severe
reduction in growth indices and rootball (Table 2).
Lightly Rooted at 248 DAS – No treatment affect was observed among new shoot
growth in any treatments (Table 2). Root ratings were slightly less for Ronstar
and Regal 0-0 compared to the non-treated control however there were no
differences among herbicide treatments.
Fully rooted at 248 DAS – A slight difference in new growth was observed for all
treatments compared to the non-treated control. Gallery and Ronstar applied to
fully rooted cuttings had more rootball coverage compared to before and lightly
rooted applications. Gallery and the non-treated control had similar root ratings
in the fully rooted application. Ronstar and Regal 0-0 suppressed root ratings
compared to the non-treated control cuttings with Regal 0-0 suppressing root
growth more than Ronstar.
Data collected at 65 DAS indicated Gallery applied before sticking to be a good
pre-emergence herbicide for use in propagation. However growth indices and
root ratings 248 DAS revealed suppression occurred with use of Gallery before
sticking. When Gallery was applied to lightly rooted cuttings there were no growth
differences compared to the non-treated plants at any time during the study.
Application of Gallery to fully rooted cuttings caused slight suppression of growth
indices; however there were no differences in root growth. Both Ronstar and
Regal 0-0 tended to cause suppression in both shoot and root growth throughout
the study; with Ronstar causing less suppression than Regal 0-0.
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Shoot Number = number of new shoots per rep.

Control
3.0b
4.1a
12.6a
22.0a
0.6a

Gallery
2.7a
4.5b
10.8b
19.9b
0.6a

Lightly Rootedy
Ronstar
Regal 0-0
2.7a
2.8a
3.8b
5.9a
10.5b
12.7a
21.4ab
19.8b
0.5a
0.5a

t

means (across columns within application times) with different letters are signiﬁcantly different, according to Duncan’s Multiple Range test (P=0.05).

Root Length = length of three longest roots ÷ 3 (cm).

Root Number = number of primary roots per replication.

u

v

Shoot Length = length of three longest shoots ÷ 3 (cm).

Lightly Rooted = herbicide applied to lightly rooted cuttings (3-4 roots).

x

w

Before Sticking = herbicide prior to sticking cuttings.

y

Before Stickingz
Ronstar
Regal 0-0
1.3c
1.4c
2.3b
2.6b
10.1bc
8.7c
15.4c
18.5b
0.3b
0.4b

z

Shoot Numberx
Shoot Lengthw
Root Numberv
Root Lengthu
Root Weightt

Gallery
3.6at
4.3a
11.5ab
22.7a
0.6a

Table 1. The inﬂuence of herbicide application during propagation 65 days after sticking on Loropetalum chinense ‘Ruby’.

Control
3.0a
4.1b
12.6a
22.0a
0.6a
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Root rating was an estimate of the percentage of the rootball surface covered with roots (0-100).

means (within a column and for each factor) with different letters are signiﬁcantly different, according to Duncan’s Multiple Range test (P=0.05).

Root Ratingy
Lightly Rooted
29.5ab
27.8b
24.5b
35.4a

x

Before Sticking
22.1b
19.7b
9.3c
35.4a

Growth indices = Height + width at widest point + width perpendicular ÷ 3.

Fully Rooted
28.0b
27.2b
20.9b
38.3a

y

GIz
Lightly Rooted
30.2a
42.7a
22.1a
38.3a

z

Gallery
Ronstar
Regal 0-0
Control

Before Sticking
19.8bx
20.5b
10.2c
38.3a

Fully Rooted
30.7ab
28.4b
22.5c
36.2a

Table 2. The inﬂuence of herbicide application during propagation 248 days after sticking on Loropetalum chinense ‘Ruby’.
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Inﬂuence of Substrates on the Propagation of
Clematis socialis Stem Cuttings
C. N. Johnson, D. J. Eakes, A. N. Wright, J. L. Sibley and L. L. Bruner
Auburn University, Dept. of Horticulture, Auburn, AL 36849
eakesdj@auburn.edu
Index Words: Alabama Leather Flower, rooting medium
Signiﬁcance to Industry: Sand is the most commonly used substrate in
commercial Clematis sp. cutting propagation today, although, data suggests that
perlite and vermiculite can yield equally successful root initiation, root growth,
and cutting survival when propagating the endangered species Clematis socialis.
However, the advantages of using sand over vermiculite and perlite to root
C. socialis stem cuttings include lower cost per cutting and availability.
Nature of Work: Clematis socialis Kral, also known as the Alabama Leather
Flower, is an endangered species with only a few known naturally occurring
populations located in northeast Alabama and northwest Georgia (6). C. socialis
is an erect, non-vining, herbaceous perennial with blue-violet urn shaped
ﬂowers (4, 3). The most distinctive feature of this species is the formation of
dense colonies by underground rhizomes. C. socialis was federally listed as
an endangered species by the United States Fish and Wildlife Service in 1986
because of small population numbers and limited natural distribution, as well
as known habitat on sites subject to human disturbance (5, 6). Information
on the successful rooting of C. socialis by stem cuttings could be beneﬁcial in
establishing self-sustaining populations, providing genetic material for future
hybridization, and potential introduction of a new ornamental crop, especially
valuable to native plant nurseries.
Stem cutting propagation of other Clematis sp. has varied in success dependent
upon technique, rooting substrate, and species or cultivar propagated. In the
United States, sand is currently the primary substrate used in commercial
clematis stem cutting propagation (2). The objective of this study was to evaluate
root initiation and growth of C. socialis stem cuttings in four non-amended
substrates.
Stem cuttings of Clematis socialis were taken June 2nd in 2005 from a roadside
population in Cherokee County, Alabama. The cuttings were placed in plastic
bags on ice and transported back to Auburn University’s Paterson Greenhouse
Complex. Later in the day, two-node cuttings were prepared and re-cut to leave
an inch (2.54 cm) of stem below the bottom-most node before receiving a ﬁvesecond basal application of Dip ‘N Grow (Dip ‘N Grow, Inc. Clackamas, Oregon
97015) at a rate of 1,500 ppm of indole-3-butyric acid (IBA) and 750 ppm of
naphthalene acetic acid (NAA). The treated cuttings were stuck in 606 cell packs
with a volume of 10 in3 per cell (163 cm3) containing non-amended sand, perlite,
vermiculite, and 1:1:1 (by volume) sphagnum peat, pine bark, and sand (P:PB:S)
mix. After sticking, cuttings were placed in a shaded glass greenhouse and kept
under an intermittent mist system cycling from 7:30 A.M. to 6:30 P.M. with mist for
5 seconds at 15 minute intervals.
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The experiment followed a randomized complete block design using four
replications (4 cuttings per replication) of each substrate for each harvest date
(6, 8, and 10 weeks after sticking (WAS)). Data including subjective root rating
(0 to 5, with 5 being highest), root number (roots > 5 mm (0.197 in) in length),
average root length of the three longest roots, and cutting survival collected at
6, 8, and 10 WAS. A cutting was considered alive if green foliage and callus
tissue was present. All data were subjected to Duncan’s Multiple Range Test
(P
P = 0.05).
Results and Discussion: Of the four substrates evaluated, cutting survival
(60.4%) and rooting percent (37.5%) was highest in perlite (Table 1). Cuttings
in sand and vermiculite had about 52% survival with approximately 19% to 21%
rooting. The mean root length, number, and rating for the P:PB:S mix was lowest,
actually zero, of all the substrates for each of the three harvest dates (Table 1).
As much as 50% of the cuttings stuck in the P:PB:S mix had survived when
harvested but without root growth (Table 1). Erwin et al (2) also reported poor
rooting performance in peat-based substrates when propagating commercially
grown Clematis cultivars and species. The poor rooting observed in the P:PB: S
mix was most likely due to substrate acidity or low pH. In 2000, Bruner et al.
reported a pH of 4.9 for the P:PB:S mix (1). Native soil from the Cherokee county
site where the cuttings were collected had a pH range of 6.8 to 7.3. The pH of
sand, perlite, and vermiculite were most likely inﬂuenced by the irrigation water
pH. The mist system irrigation water in 2005 had an approximate pH of 7.0,
which is comparable to the pH of the native soil.
Average root length, number, and rating means were highest and statistically
similar at 8 WAS and 10 WAS. At 8 and 10 WAS, the average root length was
between 7.0 to 9.7 mm, average root number was 2.0 to 3.0, and average root
rating was 0.5 to 0.7. There was a decrease in mean cutting survival from 6
WAS (62.5%) to 10 WAS (29.7%), but an increase in the percent of cuttings that
actually rooted. Only 9.6 % of cuttings stuck rooted at 6 WAS, whereas, 21.9% of
cuttings rooted at 10 WAS. Nearly 27 % of cuttings rooted at 8 WAS (Table 1).
Sand, perlite, and vermiculite performed similarly and far better than the P: PB: S
mix. The estimated cost of sand per cutting (per cell in 606 cell pack) was
approximately $0.002. Perlite and vermiculite cost about $0.013 per cutting. In
terms of affordability and availability, sand would be the most appropriate choice
for rooting Clematis socialis stem cuttings.
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Table 1. Average root length, number, ratingZ, cutting survival and rooting percent
for Clematis socialis stem cuttings rooted in four non-amended substrates
6, 8, & 10 weeks after sticking (WAS).

Length
(mm)

Number

Rating

Cutting
Survival
(%)

Rooting
Percent
(%)

Harvest 1 Harvest 2 Harvest 3 Substrate
Substrate
(6 WAS) (8 WAS) (10 WAS) Average
Sand
2.0 bY
8.7 ab
6.7 ab
5.8 A
Perlite
5.8 a
14.5 a
8.3 a
9.5 A
Vermiculite
0.0 b
15.5 a
13.3 a
9.6 A
1:1:1 Peat/Pine bark/Sand
0.0 b
0.0 b
0.0 b
0.0 B
Harvest Average
2.0 B
9.7 A
7.1 A
Sand
0.9 a
1.8 a
1.4 a
1.4 AB
Perlite
1.6 a
5.4 a
2.6 a
3.2 A
Vermiculite
0.0 a
4.9 a
3.9 a
2.9 A
1:1:1 Peat/Pine bark/Sand
0.0 a
0.0 a
0.0 a
0.0 B
Harvest Average
0.6 A
3.0 A
2.0 A
Sand
0.2 ab
0.9 ab
0.4 ab
0.5 A
Perlite
0.4 a
0.2 a
0.6 ab
0.7 A
Vermiculite
0.0 b
0.8 ab
0.8 a
0.5 A
1:1:1 Peat/Pine bark/Sand
0.0 b
0.0 b
0.0 b
0.0 B
Harvest Average
0.1 B
0.7 A
0.5 AB
Sand
56.3 a
68.8 a
31.3 a
52.1 AB
Perlite
81.3 a
56.3 a
43.8 a
60.4 A
Vermiculite
62.5 a
62.5 a
31.3 a
52.1 AB
1:1:1 Peat/Pine bark/Sand 50.0 a
43.8 a
12.5 a
35.4 B
Harvest Average
62.5 A
57.8 A
29.7 B
Sand
12.5 ab
31.3 a
18.8 ab
20.8 b
Perlite
25.0 a
50.0 a
37.5 a
37.5 a
Vermiculite
0.0 b
25.0 ab
31.3 a
18.8 b
1:1:1 Peat/Pine bark/Sand
0.0 b
0.0 b
0.0 b
0.0 c
Harvest Average
9.4 B
26.6 A
21.9 A

Roots were rated on a 0 to 5 scale, with 5 being highest.

Z

Values within column followed by a different letter are different at P = 0.05 using Duncan’s Multiple
Range Test.

Y
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Nitrogen Nutrition of Southern Seaoats
(Uniola paniculata) Grown in the Float System
Daniel S. Norden, Stuart L. Warren, Frank A. Blazich,
David L. Nash, and John M. Wooldridge
NC State University, Dept. of Horticultural Science, Raleigh, NC 27695-7609
dsnorden@ncsu.edu
Index Words: Beach Restoration, Dune Species, Poaceae, Mineral
Nutrition, Fertility
Signiﬁcance to Industry: Results reported herein demonstrate that transplants
of southern seaoats (Uniola paniculata L.) can be produced successfully
using the ﬂoat system with nitrogen (N) in the nutrient solution at 135 to
150 mg•L-1 (ppm) to maximize growth.
Nature of Work: Southern seaoats is a perennial dune grass that in most of its
natural range is the dominant, frontal or seaward-side dune, sand-binding plant
species (3). The species is subtropical and its native range is determined by
climate as it is intolerant of extremely hot summers or cold winters (5). In Virginia
and North Carolina, southern seaoats is at the northern limit of its range and the
plants usually die back to ground level and resprout from rhizomes in the spring.
Seed germination occurs in the late spring and little growth takes place until
adequate sand surrounds the culms, usually by the end of the second year (6).
Seaoats has the ability to resist erosion upon establishment by utilizing culms to
trap sand, which in turn helps improve plant growth (3). Thus, it has been planted
extensively to build and stabilize coastal sand dunes (6).
Limited research has examined the fertility needs of southern seaoats. Due to
the infertility of seaoats native environment, Broome et al. (1) recommended a
macronutrient fertilizer addition (10%N-10%P2O5 –10%K2O) in the spring at a rate
of 732 kg•ha-1 (653 lbs•acre-1). Hester and Mendelssohn (4) reported fertilization
with macronutrients (N-P-K) resulted in signiﬁcant increases in aboveground
biomass in seaoats with a maximum foliar N concentration of 2.1%.
Currently, former tobacco farmers are seeking alternative crops that can be
grown similarly to production of tobacco (Nicotiana tabacum L.) transplants
(3). Frantz and Wellbaum (2) reported most tobacco farmers grow tobacco
transplants in a vermiculite-based soilless medium using styrofoam plug trays
(ﬂats) that ﬂoat in a nutrient solution. These ﬂoat bed irrigation systems are used
by tobacco growers to produce transplants in early spring, but the ﬂoat beds are
not utilized the rest of the year. Frantz and Wellbaum (2) also noted if other crops
could be produced successfully using the tobacco ﬂoat system, ﬂoat systems
could potentially produce high-value horticultural crops to supplement farm
incomes. David Nash, an Agricultural Extension Agent in New Hanover County,
North Carolina, has been growing seaoats successfully utilizing the tobacco ﬂoat
system (3). Initially, he attempted to grow southern seaoats in containers utilizing
an organic substrate. However, he encountered many problems particularly with
foliar fungal problems due to irrigating over the tops of the plants. He switched to
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using the ﬂoat system that reduced dramatically foliar fungal problems. However,
despite successful culture of southern seaoats using the ﬂoat system little, if any,
quantitative information has been published on various aspects of this method of
culture. Therefore, the following research was conducted to study the inﬂuence
of N nutrition on vegetative growth of southern seaoats when grown in the
ﬂoat system.
Standard Carolina Greenhouse 288 cell ﬂoat trays (Carolina Greenhouse Co.,
Kinston, NC) [42 x 34 x 6.5 cm (17 x 13 x 3 in)] with each cell having a volume
of 14 cm3 (0.85 in3) were cut on July 9, 2004 from 24 x 12 cells to 15 x 12 cells.
These trays were ﬁlled with Carolina’s Choice Tobacco Mix (Carolina Soil Co.,
Kinston, NC), a vermiculite-based hydroponic medium. The medium-ﬁlled trays
were then ﬂoated in gray plastic tubs [50 x 36 x 12 cm (20 x 14 x 5 in)] ﬁlled
with 10 L (3 gal) of tap water. On July 12, 2004, seeds of a North Carolina
provenance of southern seaoats were removed from storage at 4C (39F) and
surface disinfested with a solution of 2.6% sodium hypochlorite for 15 min.
Following treatment, seeds were sown in the ﬂoat trays at three seeds per
cell in a 6 x 6 cell cube in the center of the trays [center was determined from
the top (shorter dimension side) of tray counting ﬁve cells right and four cells
down]. After seeding, each seed-ﬁlled tray was reﬂoated in 10 L (3 gal) of tap
water with a particular N treatment and were maintained in the Department
of Horticultural Science Greenhouses at NC State University under natural
photoperiod and irradiance. Treatments included ﬁve rates of N [10, 60, 120,
180, or 240 mg•L-1 (ppm)] from an 8N–14P–11.5K liquid slow-release fertilizer
which also contained micronutrients (Growth Products, Ltd., White Plains, NY).
The nutrient solution was replaced weekly. Sources of N, phosphorus (P), and
potassium (K) in the fertilizer were urea, methylene urea, potassium carbonate,
and diammonium phosphate. The experiment was conducted in a randomized
complete block design with four replications. A tub was considered a single
experimental unit. Tubs were oriented on a greenhouse bench parallel to the
cooling pads to direct even airﬂow across all treatments. Following seedling
emergence, they were thinned to one seedling per cell. During the study, daily
day/night air temperatures averaged 27/21C (81/70F), respectively, whereas
daily nutrient solution temperatures averaged 26C (79F).
On September 9, 2004 the study was terminated and various data recorded
including leaf, stem, and root dry weights following drying at 60C (140F) for 48 hr.
Total plant dry weight was calculated as leaf + stem + root dry weight. Root to
top ratio was calculated as root dry weight ÷ top dry weight (stems + leaves).
Before recording data, the seedlings in the outermost row of each ﬂoat tray
were discarded to remove edge effects, which left a 4 x 4 square consisting
of 16 plants. Three plants were randomly chosen from the 4 x 4 square for
recording data. Tops (stems and leaves) were also analyzed for mineral nutrient
concentrations. All data were subjected to analysis of variance procedures and
regression analysis. When signiﬁcant, simple linear and polynomial curves
were ﬁtted to data. The maximum of the polynomial curve was calculated as a
ﬁrst order derivative of the independent variable where the dependent variable
equaled zero.
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Results and Discussion: Root, stem, leaf, and total plant dry weights of
southern seaoats responded quadratically to increasing N rate with maximum
root, stem, leaf, and total plant dry weights calculated to occur at 143, 151, 137,
and 141 mg•L-1 (ppm), respectively (Fig. 1). Root to top ratio was unaffected by N
rate (data not presented).
Foliar mineral N and P concentrations increased quadratically with increasing
N rates whereas, foliar K increased linearly (data not presented). The predicted
N rate for maximum foliar N (3.2%) was calculated to be 180 mg•L-1 (ppm).
Maximum top dry weight also occurred at 3.2% N, which is considerable
higher than the 2.1% reported by Hester and Mendelssohn (4). Thus, foliar N
concentration ≥ 3.2% should be considered adequate for maximum plant growth.
Southern seaoats can be produced successfully using the ﬂoat system with
optimum N rates of 135 to 150 mg•L-1 (ppm). Due to the relative nutrient sterility
of the dune environment, Broome et al. (1) reported that dune grasses, such as
seaoats, respond positively to fertilization, even though their extensive ﬁbrous
root system allows them to exploit the low nutrient conditions in their natural
habitat. Culture of seaoats using the ﬂoat system may allow tobacco farmers to
utilize their ﬂoat beds at times of the year when the beds are not in use. Also, the
species may serve as a possible alternative crop to tobacco or an additional crop
to supplement farm incomes.
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Figure 1. Inﬂuence of N rate on root, stem, leaf, and total plant dry weights
of southern seaoats grown in the ﬂoat system. Vertical bars = ± 1 SE. Data
points are means of 12 observations. Regression equations are: root dry weight
y = 0.03 + 0.0006x – 0.000002x2, R2 = 0.98; stem dry weight y = 0.04 + 0.003x –
0.0000095x2, R2 = 0.99; leaf dry weight y = 0.09 + 0.005x – 0.00002x2, R2 = 0.99;
total plant dry weight y = 0.15 + 0.009x – 0.00003x2, R2 = 0.99.
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Seed Propagation of Spicebush (Lindera benzoin)
Amy Poston and Robert Geneve
University of Kentucky, Department of Horticulture,
Lexington, KY 40546-0312
alpost0@uky.edu
Index Words: germination, seedling establishment, landscape plant
Signiﬁcance to Industry: Seed dormancy in spicebush was alleviated after
12 weeks of chilling stratiﬁcation. Some references suggest the need for a
warm stratiﬁcation treatment prior to chilling stratiﬁcation. However, warm
stratiﬁcation was not necessary in this Kentucky seed lot and had a negative
effect on dormancy release. Seedlings established easily from germinated
seeds indicating that spicebush could be propagated by seed with only a chilling
stratiﬁcation treatment.
Nature of Work: Spicebush (Lindera benzoin), a member of the Lauraceae
family, is a shrub native to the Eastern United States from Maine to Florida
and west to Kansas (1). As concern grows about nursery production of species
designated as exotic invasive plants and the opportunity grows for utilizing native
plant alternatives, there is potential for spicebush in the landscape industry as a
marketable native shrub.
Spicebush has a dense rounded growth habit in full sun, a more open growth
habit in shade and prefers moist well-drained soil. It bears small clusters of
yellow ﬂowers in early spring and has smooth light green leaves in the summer
which turn bright yellow in the fall. In addition to the aesthetic qualities, there are
no serious insect or disease problems (1).
Vegetative propagation of spicebush by cuttings has been difﬁcult (1). Therefore,
propagation from seeds is currently the most common production method.
The most often referenced suggestion for a dormancy release treatment for
spicebush is 1 month of warm followed by 3 months of chilling stratiﬁcation
(2, 4). Dirr and Heuser (2) also suggest that spicebush seeds only require 3.5
months of chilling stratiﬁcation for dormancy release. The objective of the current
study was to determine the need for both warm and chilling stratiﬁcation on
dormancy release in a native Kentucky accession, as well as, ease of seedling
establishment.
Seeds were collected near Nicholasville, Kentucky in early November 2005.
Seeds were removed from the fruits and broken seeds discarded. Seeds were
cleaned and stored dry in the cold at 5°C.
Prior to stratiﬁcation, seeds were surface disinfested by soaking in a 10% bleach
solution for 10 minutes followed by 3 rinses of sterile water. Seeds were placed
in 15mm plastic Petri dishes with 60 g of autoclaved sand and 15 ml sterile water
(20 seeds per plate). Using a factorial experimental design, dormancy release
treatments included 0, 4, and 6 weeks of warm stratiﬁcation at 25°C, followed by
0, 6, 12, and 18 weeks of chilling stratiﬁcation at 5°C, for a total of 12 treatment
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combinations with 80 seeds (4 plates) per treatment. Upon completion of the
stratiﬁcation period, dishes were moved to a growth chamber at 25°C with light.
Germination (radicle emergence) was recorded weekly for 4 weeks.
Upon germination, seedlings were removed from the Petri dishes and potted
up into 7 X 5¼ X 3¼ six-cell packs using 560 Metro Mix and placed under
greenhouse conditions. Seedlings were watered as needed and fertilized with a
Peters 20-10-20 solution every 7-10 days.
Results and Discussion: Approximately 15% of spicebush seeds germinate
without any stratiﬁcation treatment. The highest germination percentages
occurred after 12 weeks of chilling stratiﬁcation without a prior warm stratiﬁcation
period (Table 1). Seeds exposed to warm stratiﬁcation prior to chilling
stratiﬁcation showed signiﬁcantly lower germination percentages compared
to chilling alone and the warm pre-treatment appeared to be delay dormancy
release during the subsequent chilling period.
The spicebush seed lot used in this study displayed an intermediate physiological
endogenous type of dormancy (3) that only required chilling stratiﬁcation. The
negative effect of warm stratiﬁcation appears to be due in part to the induction
of secondary dormancy that requires a longer chilling stratiﬁcation period for
dormancy release (Table 1). Additionally, some seed contamination due to
exposure to warm temperatures and moist conditions may be reducing overall
viability in the warm stratiﬁed seeds.
In terms of seedling establishment, a survival rate of 84.7% (188 of 222) was
achieved for seeds potted up immediately following germination. The combination
of high germination percentages and seedling establishment indicate the ability
of spicebush to be grown commercially for the landscape industry.
A second germination study is currently underway using a Pennsylvania seed
lot to further determine the chilling stratiﬁcation requirement of spicebush, as
well as, any geographical differences in dormancy release treatments that may
require the combination or warm and chilling stratiﬁcation.
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Table 1. Seed germination of spicebush exposed to combinations of warm
followed by chilling stratiﬁcation.
Stratiﬁcation
Weeks at
25ºC
0

Weeks at
5ºC
0
6
12
18

Germination
percentagez
15.8 c
50.0 b
90.0 a
86.3 a

4

0
6
12
18

15.8 c
18.8 c
37.5 b
53.8 a

6

0
6
12
18

12.5 c
8.8 c
57.5 b
68.8 a

ANOVA
Main effects
Warm stratiﬁcation (W)
Chilling stratiﬁcation (C)
Interaction Effects
WxC
z

F-valuey
45.24**
101.78**
7.54**

means followed by the same letter within a warm stratiﬁcation treatment were not signiﬁcantly different
at P < 0.01 by Tukey’s HSD test.

y**

indicates signiﬁcant differences at the 0.01 level.
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Tissue Culture in White Oak (Quercus alba)
Stephanie Tittle, Sharon Kester and Robert Geneve
University of Kentucky, Dept. of Horticulture, Lexington, KY 40546
stefknee@bellsouth.net
Index Words: Somatic embryogenesis, micropropagation, biotechnology
Signiﬁcance to Industry: White oak can be propagated by seed immediately
after collection without any special treatments. This method of propagation
however does not provide superior cultivars to the nursery industry. A clonal
in vitro system for propagation producing superior mature clones could result
in increased proﬁts for both liner and ﬁeld production of white oak. In addition,
somatic embryogenesis has proven to be a useful tool for recovering transgenic
plants. This could be an important component in a strategy to develop plants
resistant to diseases such as sudden oak death.
Nature of Work: White oak (Quercus alba) is an important forestry species.
Native stands of white oak experienced a major decline with the implementation
of forest ﬁre controls in the 20th century (1). Further complicating oak survival is
their susceptibility to sudden oak death (Phytophthora ramorum). White oak is
propagated by seed in the nursery industry but has limited availability because it
is difﬁcult to produce as a nursery crop. There is a need for a clonal propagation
system for selection of desirable characteristics such as fall color, hardiness
pathogen resistance and improved nursery production characteristics.
Somatic embryogenesis could ﬁll the need for a clonal system of propagation and
serve as a vehicle for genetic transformation. A system such as this would result
in the production of genetically and phenotypically identical trees. However, the
development of complete somatic embryogenesis systems have generally been
difﬁcult in oaks (5).
In 2005, a single staminate catkin explant produced a somatic embryogenic
culture. A low frequency of somatic embryogenesis from male catkins has been
previously reported in other oak species (2, 5). This culture has continued to
produce secondary somatic embryos for the past year. Therefore, the speciﬁc
objectives of the current study were to evaluate the impact of stage of catkin
development and growth regulator treatment on somatic embryo induction,
and to attempt to convert secondary somatic embryos from the 2005 culture
into seedlings.
Staminate catkins were collected three times during April and surface sterilized
in 10% bleach for 15 minutes followed by a triple rinse in distilled water. The
ﬁrst collection (April 17) resulted in catkins less than 0.7 cm. Samples this
small would not allow for the removal of male ﬂowers and the entire staminate
catkin was used. The ﬁnal two collections (April 20 and April 24) resulted in fully
expanded catkins prior to anther dehiscence. Male ﬂowers were removed from
half of the staminate catkins. At each collection, ﬁve explants were placed per
Petri dish on MS media (3), containing 1 or 5 µM 2,4-dichlorphenoxyacetic acid
(2,4-D) plus 1 µM benzlyadenine (BA) or 5 µM naphthalene acetic acid (NAA)
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plus 1 µM BA. Explants were cultured in the dark or under cool white ﬂuorescent
lamps (PAR 60 µmol·sec-1·m-2) at 21ºC. There were ten replicate Petri dishes
per treatment for the ﬁrst collection and ﬁve replicate dishes per treatment
for subsequent collections. The percentage of explants forming callus were
evaluated after one month.
A single staminate explant from 2005 formed somatic embryos. It entered a
cycle of repeated secondary embryo formation. In May 2006, individual somatic
embryos (globular stage) were moved either to basal MS medium or media
containing 5 µM gibberellic acid (GA3) alone, or 1µM BA plus 1 or 5 µM ABA.
There were six explants per Petri dish and four dishes per treatment. Explants
were cultured under cool white ﬂuorescent lamps (PAR 60 µmol·sec-1·m-2)
at 21ºC. Germination and progression to cotyledon stage embryos without
secondary embryo formation was evaluated after one month.
Results and Discussion: The percentage of loss due to fungal contamination
was 64% or greater (Table 1). Explants treated with 2, 4-D formed a higher
percentage of callus than those treated with NAA. Removal of male ﬂowers
signiﬁcantly decreased the percentage of contamination and increased the
percentage of callus formation. Light and dark cultures responded similarly for
callus production. After one month on either 1 or 5 µM 2, 4�-D media, explants
developed a creamy-yellow callus along the peduncle. The slight appearance
of callus growth on the cultures treated with 5 µM NAA occurred at the site
of removal from the mother plant and did not spread along the length of the
peduncle as observed with 2, 4-D treated explants. At present, no cultures have
become embryogenic.
Some development to the cotyledon stage of development was observed on
the growth regulator free medium, but the greatest percentage of secondary
embryos beginning to germinate was induced on the medium containing GA3
(Table 2). A similar effect of GA3 on somatic embryo development was previously
observed in Willow oak (Quercus phellos) cultures derived from seedling
explants (4). These encouraging data suggest that plantlets can be derived via
somatic embryogenesis in white oak if an efﬁcient system to induce culture from
staminate catkins is developed.
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Table 1. Formation of callus in staminate catkin explants with or without
stamens removed and placed under light or dark conditions on 1 or 5 µM
2,4-dichlorphenoxyacetic acid (2,4-D) plus 1 µM benzlyadenine (BA) or 5 µM
naphthalene acetic acid (NAA) plus 1 µM BA.

Treatment

Reaction after
one month (%)
Callus

Stamens
Dark
Stamens
Removed

Stamens
Light
Stamens
Removed

Growth regulator treatment
2,4-D
2,4-D
NAA
(1µM)
(5µM)
(5µM)
0%
0%
0%

No Change

5%

29%

9%

Contaminated

95%

71%

81%

Callus

20%

20%

4%

No Change

0%

4%

8%

Contaminated

80%

76%

88%

Callus

2%

3%

3%

No Change

34%

12%

22%

Contaminated

64%

85%

75%

Callus

14%

20%

0%

No Change

18%

10%

24%

Contaminated

68%

70%

76%

Table 2. Somatic embryo development on several conversion media.
Stage of somatic embryo development
Treatment
Untreated
GA3 [5 µM]
BA [1 µM]
BA [1 µM] + ABA [5 µM]
z

Globular
33.3az
8.3b
0c
29.2a

Cotyledon
29.2a
16.7b
4.2c
4.2c

Germinating
0
16.7a
0
0

Secondary
embryos
37.5c
58.3b
95.8a
66.7b

means followed by the same letter within a column were not different at P ≤ 0.05 by Tukey’s HSD test.
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Seed Germination of Pinkshell Azalea (Rhododendron
vaseyi) as Inﬂuenced by Light and Temperature
vaseyi
Lela C. Walker, Anthony V. LeBude, Frank A. Blazich, and Joseph L. Conner
NC State University, Department of Horticultural Science,
Raleigh, NC 27695-7609
anthony_lebude@ncsu.edu
Index Words: Sexual Propagation, Provenance, Growth Chamber, Native
Plants, Ericaceae, Rare Species
Signiﬁcance to Industry: Results reported herein demonstrate that seeds
of pinkshell azalea (Rhododendron
Rhododendron vaseyi Gray) require light for germination
whether germinated at 25C (77F) or an 8/16 hr thermoperiod of 30/20C (86/68F).
However, with similar photoperiods greater germination will occur at 30/20C
(86/68F).
Nature of Work: The deciduous pinkshell azalea is a rare ericaceous species
endemic to only six counties in western North Carolina. Plants produce
attractive, pink to sometimes white, woodsy smelling ﬂowers that appear with
leaf development in May and June. The primary habitats of this plant are moist to
wet, acid swamps and bogs above 914 m (3000 ft). Unfortunately, construction of
vacation homes, housing developments, and stream desecration have decreased
these habitats with subsequent loss of plants (4). As a consequence, protocols
need to be developed for propagation of the species to ensure survival and one
obvious method of propagation would be sexual (seed) propagation. Thus, the
following research was conducted to study the inﬂuence of light and temperature
on seed germination of pinkshell azalea.
On September 2, 2005, mature seed capsules (fruits) were collected from
two native populations of open-pollinated plants of pinkshell azalea. The ﬁrst
population was collected on Mount Pilot in Transylvania County, North Carolina,
and the second was collected along the ridgeline between Jackson and
Transylvania counties at the intersection of Highway 215 and Charley’s Creek
Road. All capsules were pooled.
Capsules were dried at 21C (70F) until September 23, 2005, when seeds were
released using a mortar and pestle. Chaff and other debris were removed and
cleaned seeds were stored at 4C (39F) in a glass vial until the experiment was
initiated on October 9, 2005.
Graded seeds were removed from storage and placed in covered 9-cm (3.5 in)
diameter glass petri dishes, each dish containing two pre-soaked germination
blotters moistened with tap water. After placement of seeds in the petri dishes,
half the dishes were designated for germination at 25C (77F) and the other
half for germination at an 8/16 hr thermoperiod of 30/20C (86/68F). All dishes
were placed in black sateen cloth bags and the seeds were allowed to imbibe
overnight at 21C (70F). Beginning at 8 AM the following day, the bags were
randomized within two growth chambers, one set at 25C (77F) and the other
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at an 8/16 hr thermoperiod of 30/20C (86/68F). Temperatures within chambers
varied within ± 0.5C (0.9F) of the set point.
Within each temperature regime, seeds were subjected daily to the following
eight photoperiods: 0 (total darkness) ½, 1, 2, 4, 8, 12, or 24 hr. All photoperiod
treatments, with the exception of the 0 and 24 hr treatments began with the
transition to the high temperature portion of the cycle. Growth chambers were
equipped with cool-white ﬂuorescent lamps that provided a photosynthetic photon
ﬂux (400-700 nm) of approximately 40 µmol·m-2·s-1 (3.2 klx).
Daily photoperiod treatments were regulated by removal and placement of the
petri dishes into black sateen cloth bags. Petri dishes for the 24 hr photoperiod
treatment remained continuously unbagged in the chambers. Perti dishes for the
0 hr (total darkness) treatment remained bagged throughout the experiment and
germination data were recorded under a green safelight. Germination blotters
were kept moist with tap water throughout the experiment. Seeds showing signs
of decay were removed immediately from the dishes. Within a temperature
regime, photoperiods were replicated four times with a replication consisting
of a petri dish containing 50 seeds. Germination counts were recorded every 3
days for 30 days. A seed was considered germinated when radicle emergence
was ≥ 1 mm (0.04 in) in length. Percent germination was calculated as a mean
of four replications per treatment. Within each temperature, data were subjected
to analysis of variance procedures and regression analysis (SAS v. 9.1, SAS
Institute, Cary, NC).
Results and Discussion: Light was required for seed germination of pinkshell
azalea regardless of the temperature (Figs. 1 and 2). This is also true for
many species of rhododendron (Rhododendron L. spp.) (1, 2, 3). For both
temperatures, germination was a function of photoperiod. A signiﬁcant linear
and quadratic effect of photoperiod on germination was shown by an increase
in germination with an increase in photoperiod (Fig. 1). At shorter photoperiods,
however, the 8/16 hr thermoperiod of 30/20C (86/68F) partly compensated for the
light requirement. This effect is illustrated by comparing germination percentages
between 25C (77F) and 30/20 (86/68F) at photoperiods of 4 (2% vs. 4%), 8
(3% vs. 9%), 12 (5% vs. 25%) and 24 (28% vs. 54%) hr (Fig. 1). A similar effect
has been reported for other species of rhododendron (1, 2, 3). Additionally, as
illustrated in Fig. 2, increased light and the 8/16 hr thermoperiod increased the
rate of germination over 30 days.
Overall germination was low for this species. Most seeds of rhododendron
germinate at high percentages in the presence of light (1, 2, 3). Low germination
for this experiment appears to have resulted from poor seed vigor. Additionally,
although less likely, seed viability of pinkshell azalea may be inherently low and
this may explain its limited range in North Carolina. Another germination study
was conducted using seeds collected from a more northerly location in North
Carolina. Despite lower overall germination in this second experiment, the effects
of light and temperature were similar to data reported herein. Nevertheless,
additional seed germination studies of pinkshell azalea will be conducted in Fall
2006.
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Figure 1. Cumulative (30-day) seed germination of pinkshell azalea as
inﬂuenced by photoperiod and temperature. The linear and quadratic effect of
photoperiod on germination percentage was signiﬁcant for both temperatures.
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Figure 2. Inﬂuence of germination temperatures of (A) 25C (77F) and (B) 30/20C
(86/68F) and photoperiods of 0 (total darkness – solid square), ½ (open square),
1 (solid triangle), 2 (open triangle), 4 (solid circle), 8 (open circle), 12 (solid
diamond), and 24 hr (open diamond) on seed germination of pinkshell azalea
over 30 days.
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Ethylene and Seed Germination in
Coneﬂower (Echinacea) Species
Laura Wood, Josh Klein and Robert Geneve
University of Kentucky, Dept. of Horticulture, Lexington, KY 40546
lawood2@uky.edu
Index Words: dormancy, ACC, ethephon, seed pretreatment, Echinacea
angustifolia, Echinacea tennesseensis, and Echinacea simulata
Signiﬁcance to Industry: Seed germination can be erratic in some Echinacea
species unless they receive chilling stratiﬁcation to satisfy dormancy. Although
stratiﬁcation is effective, it requires additional grower input, and hydrated
seeds can be difﬁcult to sow mechanically. The industry could beneﬁt from a
seed pretreatment that would relieve dormancy yet be retained in seeds after
subsequent drying. Since dormant Echinacea seeds have responded to ethylene
releasing compounds for improved germination, it was hypothesized that loading
seeds with ethylene precursors might provide a suitable pretreatment. In this
study, seeds from three Echinacea species (E. angustifolia, E. tennesseensis,
and E. simulata) were pretreated with ethephon or 1-aminocyclopropane-1carboxylic acid (ACC) for seven days at 5ºC or one day at 25ºC prior to drying
seeds back to their original moisture content. Germination was compared to
seeds receiving 60 days of moist chilling stratiﬁcation or seeds germinated in
the constant presence of ethephon or ACC. Treating seeds for seven days at
5ºC was more effective than a one day treatment at 25ºC. With this treatment,
germination was improved in all species compared to untreated seeds and
reached the level observed in stratiﬁed seeds using either ACC or ethephon,
depending on the species. These results show that dormancy in Echinacea
seeds can be satisﬁed by ethylene treatment and suggests that a commercial
pretreatment could be developed to load seeds with an ethylene precursor for
improved germination.
Nature of Work: Seeds of Echinacea vary in their degree of primary dormancy,
but most seed lots appear to have some seeds showing endogenous
physiological dormancy. Moist chilling stratiﬁcation will break dormancy in
Echinacea seeds (5, 6). In some cases, dormancy can be broken without moist
chilling by ethylene treatments (4). Ethylene production does not appear to
be required for germination, but it is produced in most seeds at the onset of
germination (1). It is also clear that for some seeds, the ability to make ethylene
is associated with dormancy.
In this study, the relationship between seed dormancy and ethylene was
investigated using three Echinacea species (E. angustifolia, E. tennesseensis,
and E. simulata). The speciﬁc objective was to see if treating seeds with ethylene
(via ACC or ethephon) will substitute for chilling stratiﬁcation to relieve dormancy,
and whether this treatment effect will persist in dried seeds. Ethylene exposure
could provide an alternative seed treatment to moist chilling for improved
germination percentage in Echinacea seeds, while allowing them to be handled
as dried seeds.
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Seeds used in this study were obtained from the University of Kentucky
Horticultural research farm or purchased from commercial seed companies.
Seeds were stored at 5 or 10ºC until used. Initial studies determined germination
percentages for untreated seeds and seeds stratiﬁed for 60 days at 5ºC.
For the loading experiments, one hundred seeds for each species were treated
in Petri dishes with 6 mL of water, 5mM ACC or 1 mM ethephon for 7 days at
5ºC or 1 day at 25ºC. Following treatment, seeds were brieﬂy washed to remove
the surface ACC or ethephon and dried to ~8 % moisture. In addition, untreated
seeds were placed directly on water or a solution of 5 mM ACC or 1 mM
ethephon for the duration of the experiment.
Seeds for all treatments were germinated in four replicate Petri dishes containing
6 mL water or test solution, two pieces of germination paper, and sealed with
paraﬁlm. Dishes were placed in a 25ºC incubator with 16 hours light. Seeds were
assayed for germination (radicle protrusion) after 12 days.
Results and Discussion: In untreated seeds, germination was between 26 and
56% for all three species (Fig. 1). Stratiﬁcation at 5ºC improved germination
percentages in all species with the most dramatic response in E. simulata, where
germination increased three-fold. Chilling stratiﬁcation has consistently improved
germination in Echinacea species showing dormancy (2, 3, 6). Constant
exposure to ACC or ethephon improved ﬁnal germination in all species compared
to the control, with the exception of ethephon-treated E. angustifolia seeds.
The efﬁcacy for ethephon to enhance germination in E. angustifolia appears to
depend on the seed lot being evaluated (3, 4).
The main objective of this study was to see if the promotive effect of ACC or
ethephon could be retained following drying in Echinacea seeds. Pretreating
seeds with ACC or ethephon for 7 days at 5ºC was generally more effective than
24 hours at 25ºC for improving germination (Figure 1). For E. tennesseensis
and E. simulata seeds, there was no signiﬁcant difference between the 7-day
ethephon-treated seeds compared to stratiﬁed or constant ACC or ethephon
seeds. For E. angustifolia, there was also no signiﬁcant difference between
the 7-day ACC-treated and the stratiﬁed or constant ACC or ethephon seeds.
These results demonstrate that dormancy release can be achieved using ACC
or ethephon and the effect can be retained in dried seeds. However, additional
evaluation of seeds following storage needs to be conducted before this can
become a commercially viable pretreatment seed.
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Figure 1. Germination in three Echinacea species following chilling stratiﬁcation,
constant exposure to ACC or ethephon, and seeds loaded with ACC or ethephon
at two different temperatures.
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Effect of Substrate and Cutting Type on
Rooting of Herb Stem Cuttings
Amy N. Wright and Loreal M. Brooks
Department of Horticulture, Auburn University, Auburn, AL 36849
awright@auburn.edu
Index Words: Vegetative Propagation, Lavender, Rosemary, Sage, Thyme
Signiﬁcance to Industry: Lavender (Lavandula angustifolia), rosemary
(Rosmarinus ofﬁcinalis), sage (Salvia ofﬁcinalis), and thyme (Thymus
xcitriodorus) are four herb species commonly planted in gardens and landscapes
in the southeastern United States. Since vegetative propagation using stem
cuttings can be an easy and inexpensive way to propagate these plants, we
attempted to determine which substrate and cutting type produced the best
rooting percentages for these four herb species. Thyme exhibited 100% rooting
regardless of substrate or cutting type. Lavender and sage rooted better from
terminal cuttings, while rosemary rooted more readily from medial cuttings.
OASIS rootcubes, 100% pine bark, and 100% sand were all suitable substrates
for stem cutting propagation of these common herb species. For lavender,
rosemary, and sage, the lowest rooting percentages occurred in a 50:50 peat:
perlite substrate. Results indicate that cutting type and substrate can inﬂuence
rooting percentage of these species.
Nature of Work: The inclusion of herbs in landscapes and gardens in the
southeastern United States continues to increase. Many of the most common
herb species are attractive, fragrant, and drought tolerant. Although many
herbs are propagated from seed, vegetative propagation can be successful and
rapid. To date, much of the research on stem cutting propagation of herbs has
been conducted in Europe and Asia, so many of the reports in the literature are
published in a language other than English and involve species different from
the ones commonly produced in the United States. These results may not be
readily available to propagators and growers in the southeastern United States,
hence there is a need to evaluate some aspects of propagation for speciﬁc use
by growers and propagators in this region. A large proportion of the research
that has been done for vegetative propagation of herbs involves the techniques
of tissue culture and micropropagation, an approach which would not be
economically feasible for smaller growers. Of the research that has focused on
stem cutting propagation, most has focused on examining the effects of either the
propagation environment or rooting hormones (3, 5) with limited information on
the effects of cutting type or substrate. That which does exist still tends to focus
on applications in tissue culture (7) and comparisons between apical and axillary
cuttings (4). Therefore, the objective of this research was to determine the
effect of cutting type and substrate on rooting of stem cuttings of four common
herb species.
Experiments were carried out between August 2005 and May 2006 at the
Paterson Horticulture Greenhouses at Auburn University. Species used were
lavender (Lavandula angustifolia), rosemary (Rosmarinus ofﬁcinalis), sage
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(Salvia ofﬁcinalis), and lemon thyme (Thymus xcitriodorus). Treatments,
experimental design, and number of replications were the same for all species
with one exception (noted below). Treatments included four substrates, 100%
pine bark, 100% sand, 50:50 (by volume) peat:perlite, or OASIS foam rootcubes
(Smithers-Oasis, Kent, OH), and two cutting types, terminal or medial. Cuttings
were taken from six container-grown stock plants (per species) that were in a
greenhouse. All cuttings were approximately 1 in (2.5 cm) long, and 0.3% IBA
powder (Hormodin 2, E.C. Geiger, Harleysville, PA) was applied to the basal
0.25 in (0.63 cm) of each cutting prior to sticking. Treatments were in a
4 (substrate) x 2 (cutting type) factorial arrangement. The experimental design
was a randomized complete block design with ﬁve blocks and six cuttings per
treatment per block. Each block was divided into subplots consisting of 6-cell
packs, each ﬁlled with one of the substrates and having one cutting per cell.
There were eight randomly arranged 6-cell packs per block (one pack per
substrate x cutting type combination). Cuttings received mist for 5 seconds every
20 minutes. For each species the experiment was terminated when it appeared
maximum rooting had occurred (i.e., no more cuttings appeared likely to root),
and each cutting was evaluated for whether or not it had produced roots. Pine
bark was not used for thyme propagation because it was difﬁcult to insert the
narrow stems of this plant into the substrate without bending. All data were
analyzed for treatment main effects and interactions using general linear models
procedures, and means were separated using LSD at P<0.05 (6).
Results and Discussion: Interactions between substrate and cutting type
were not signiﬁcant, so only main effects are presented. Of all species tested,
thyme rooted the fastest (100% rooting after 28 days in all treatments, Table 1).
Maximum rooting percentages occurred for other species in less that 2 months
(Table 1). Terminal cuttings rooted better than medial cuttings for lavender and
sage, while rosemary rooted better from medial cuttings than terminal cuttings
(Table 1). With the exception of thyme, all species had the least amount of
rooting in 50:50 peat:perlite (Table 1). This agrees with work with other species
in which root emergence during stem cutting propagation was delayed or
reduced in 50:50 peat:perlite substrate (1, 2). This is likely due to the fact that the
50:50 peat:perlite substrate seemed to hold more water, and the species in our
experiment typically prefer a drier environment. In general, lavender and sage
cuttings rooted better in 100% pine bark or 100% sand than in OASIS rootcubes,
a result with positive economic impacts for growers. It’s possible that if pine bark
were screened to remove larger particles, it could be used for thyme propagation
as well. Effects of substrate and cutting type on rooting appeared consistent
throughout the course of each experiment (data not shown). In conclusion, the
four common herb species used in this experiment all rooted easily with the
exception of when 50:50 peat:perlite was used as the substrate. Additionally, the
type of cutting (terminal v. medial) that rooted best depended on species.
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Table 1. Effect of substrate and cutting type on ﬁnal rooting percentage of four
herb species.

Substrate
Sand
Pine bark
OASIS rootcube
50:50 peat:perlite
Cutting type
Terminal
Medial
Days after sticking
z

Lavandula
angustifolia
(lavender)
82 bz
92 a
72 c
20 d
78 a
55 b
41

Rooting percentage
Rosmarinus
Salvia
Thymus
ofﬁcinalis
ofﬁcinalis xcitriodorus
(rosemary)
(sage)
(thyme)
93 a
87 a
100 a
93 a
78 ab
-100 a
68 b
100 a
50 b
40 c
100 a
73 b
95 a
57

94 a
43 b
56

100 a
100 a
28

Mean separation within species and main effect by LSD (P<0.05).
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Postharvest Longevity and Quality of
Cooler-stored Lotus Propagules
Daike Tian, Ken M. Tilt, Floyd M. Woods, J. Raymond Kessler and Jeff L. Sibley
Auburn University, Department of Horticulture,
101 Funchess Hall, Auburn, Alabama 36849
tiandai@auburn.edu
Index Words: Nelumbo nucifera, Storage, Carbohydrate, Water Plants
Signiﬁcance to Industry: Edible lotus tubers have vitality for about 20 days
under room temperature conditions. In this study, ornamental lotus Nelumbo
nucifera ‘Embolene’ was used to evaluate effects of gum acacia, peat moss
and hydrogel on cooler-stored lotus propagules. Results indicated there was
no signiﬁcant difference in retaining water and prolonging shelf-life among all
treatments during 45 days of storage. After harvest, there were large differences
in total sugar among samples, but reducing sugar maintained a relatively stable
level. No signiﬁcant effect of treatments was found on carbohydrate change. Low
temperature is possibly the most critical factor to inﬂuence the viability of lotus
tubers or rhizomes during storage.
Nature of Work: Lotus [Nelumbo nucifera Gaertn.] is a well known plant based
on its edible, ornamental and medicinal uses. Much research has focused
on postharvest of edible lotus tubers but there have been no reports on the
longevity of propagules of lotus (1, 2, 3 and 4). Tubers or rhizomes are mainly
used for propagation to maintain a homogenous genotype. However, propagules
can maintain vitality only about 20 days during storage and shipping at room
temperature for edible lotus. Prolonging the time of shelf life during shipping
will beneﬁt both producers and consumers. Gum acacia reportedly has a strong
ability to slow dehydration when applied to the surface of plant tissue, thereby
prolonging shelf-life of plants. Hydrogel and other moist organic material such as
peat are also used to control moisture loss in stored plants. In this study, effects
of hydrogel, peat moss and gum acacia on the longevity of lotus propagules were
investigated under low temperature storage.
Lotus ‘Embolene’ was harvested on Feb. 13, 2005. Healthy propagules were
cut with 2-3 internodes and soaked in 1% Zerotol for a few seconds for surface
sterilization and placed into zip lock bags (1 treatment/bag) after the following
treatments were applied: (1) control stored as is; (2) wrapping with moist peat
moss; (3) dipping into water saturated hydrogel; and (4)-(5)-(6) dipping into 10%,
20% and 30% gum acacia (Frontier™ Natural Products Co-Op), respectively. The
treated material was placed in a 5º walkin cooler. Ten samples were collected
on initial treating day, ﬁve of which were weighed and dried in 60º oven for 24 hr
and then weighed for dry mass. Samples were ground in a Wiley mill and stored
in sealed containers for future carbohydrate analysis. The other ﬁve samples
were planted in 7.5 gallon plastic containers separately to evaluate the viability of
propagules. Ten samples of each treatment were colleted every 15 days, ﬁve for
carbohydrate analysis and ﬁve for planting. A total of 190 propagules were used
in this experiment for planting and analysis.
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Survival rates of propagules in containers were recorded April 1, one month
after the last sampling day. Sugar and starch were determined by the methods
described by Owens et al (1999) but samples were extracted only twice by 1ml of
80% ethanol (5). For each sample, 20mg of ground lotus rhizome was used for
analysis. Data were analyzed by ANOVA using SAS software (SAS 9.1). Mean
differences were examined by LSD at α=0.05 level of signiﬁcance.
Results and Discussion: Water content in samples, between 73.5% and
77.4%, were generally not different among treatments. Relative moisture of lotus
rhizomes decreased to some degree during 45 days of storage (Fig 1), except it
increased from 1 to 31 Mar. for the 10% gum treatment (G1), from 16 to 31 Mar.
for the control (C), hydrogel (H) and 20% gum (G2). The highest water content
and almost the same change trend were found in the control and hydrogel
treatments. A continued decreasing trend was only observed in the 30% gum
treatment (G3) from the beginning to end. Increase of relative moisture in the
latter period is possibly explained by fast degradation of sugar and starch and
less water loss as when growth begins. Based on multiple mean comparisons,
signiﬁcant difference in moisture was seldom found among treatments (Table 1).
Compared to control, gum acacia had no effect on water loss and in fact less
relative moisture was found in higher gum concentration treatments. For viability
of lotus propagules, no signiﬁcant effect of treatment and time was observed
during storage. Survival rates of 80 to 100% were obtained in different treatments
for planted propagules, the total survival rate was 92% (data not shown). In our
study, lotus propagules remained viabile more than 45 days in a 5º cooler. By
observation, a few cases of death were possibly attributed to damage of primary
leaf shoots.
For carbohydrate analysis, there was a large difference (2.5 to 36.5 mg/g, by dry
mass) in total sugar among samples of lotus propagules (Fig 2). During 45 days
of storage, the total soluble sugar sharply decreased from the 1st to the 30th
day then increased greatly from the 30th to the 45th day. All treatments were
signiﬁcantly different from the ﬁrst common control (0 day storage). However,
at the last sampling time, only the 30% gum was signiﬁcantly different from the
control in total sugar. Although there was a decreasing trend in total sugar from
the 10% to 30% gum treatments between 16-Mar and 31-Mar, no evidence was
found to indicate a signiﬁcant effect of gum concentration on total sugar of stored
lotus. The reducing sugar maintained a relatively stable level of between 275
mg/g and 389 mg/g during the whole storage period, with a signiﬁcant difference
only observed between 10% gum (1-Mar) and hydrogel (3-Mar) for all mean
comparisons (Fig 3). Therefore, there was no effect of treatments on the reducing
sugar of lotus rhizomes.
In conclusion, low temperature possibly is the most critical factor for water
retention and viability of lotus propagules. In a 5º cooler, lotus propagules can
retain a high viability for more than 45 days. Hydrogel, peat moss, and three
concentrations of gum acacia had no effect on the storage of lotus rhizomes.
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Note: for the following ﬁgures and table, the treatments: C = control, M= peat
moss, H= hydrogel, G1= 10%, G2= 20%, G3=30% gum acacia.
Table 1. Water (%) in Lotus at 15d Interval (2005).
Treatments
C
M
H
G1
G2
G3

2/14
77.2 a
77.2 a
77.2 a
77.2 a
77.2 a
77.2 a

3/1
76.2 ab
75.2 ab
76.6 ab
73.9 ab
75.2 ab
74.6 ab

3/16
75.9 ab
75.7 ab
75.5 ab
75.6 ab
74.6 ab
73.6 b

3/31
77.4 a
75.2 ab
77.3 a
76 ab
75.5 ab
73.5 b

Mean separation by LSD. Means followed by the same letter are not signiﬁcantly different at P=0.05.

Figure 1. Relative moisture in Lotus Rhizone during storage.
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Figure 2. Total sugar change during 45 days of storage.

Figure 3. Reducing sugar change during 45 days of storage.

Propagation Section

383

SNA RESEARCH CONFERENCE - VOL. 51 - 2006

Hand Pollination and Seed Propagation of
Philodendron bipinnatiﬁdum, syn. P. selloum
Laura M. Miller and Roger D. Newton
Uf/IFAS Hillsborough County Extension,
5339 County Road 579, Seffner, FL 33584
lm1@uﬂ.edu
Index Words: Thermogenesis, Araceae, Erioscelis emarginata, Philodendron
bipinnatiﬁdum
Signiﬁcance to Industry: Philodendron bipinnatiﬁdum is a large-leaved selfheading philodendron. It is a popular landscape plant across USDA hardiness
zones 8B through 11. Highly valued for its dramatic tropical appearance,
P. bipinnatiﬁdum is also used in interiors and protected areas outside its
hardiness range. It tolerates a wide variety of environmental conditions and can
be successfully installed in interior and exterior applications ranging from low
light interiorscapes in containers to full sun ground plantings (Gilman, 1999).
There are few pest or disease problems associated with this plant. Bacterial
disease caused by Erwinia species is sometimes a problem, especially under
humid conditions.
Philodendron bipinnatiﬁdum is an economically important nursery crop in
Central Florida. It is grown and sold by 41% of the members of the Tampa Bay
Wholesale Growers as listed in their 2005-2006 Plant Availability Locator. While
numerous named cultivars are vegetatively propagated, generally by tissue
culture, the species is typically and quite easily grown from seed. Seed can be
difﬁcult to obtain and expensive, ranging from $5.00 to $10.00 per thousand
in cost.
In its native South America, P. bipinnatiﬁdum is pollinated by a single species of
large scarabaeid beetle, Erioscelis emarginata (Seymour, 1999). The pollinator
responds to the heat and odors produced by spadix. Because this beetle is not
present in the United States, and the female ﬂowers on an inﬂorescence are
receptive 48 hours before the male ﬂowers produce pollen, hand pollination is
necessary for seed production. The same thermogenic process that attracts
the beetle pollinator can be used by the human pollinators to indicate when
propagation will be successful.
Nature of Work: Mature plants will produce ﬁve or more inﬂorescences each
year in the axils of 1 year old leaves. In Central Florida (USDA hardiness zone
9) the ﬂowering period begins in mid April and lasts until mid to late June. [Fig. 1]
During this time period, plants should be checked for receptivity to pollination and
then for pollen production every day in the late afternoon to early evening when
receptivity peaks. It is helpful to think of the process of pollinating and collecting
pollen from an individual inﬂorescence as a four day cycle of activities.
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Day 1
• Observe and ﬂag plump unopened inﬂorescences. [Fig. 1]
• Gather tools for pollination: knife, brush and pollen storage container
Day 2
• Inﬂorescence is open. [Fig. 2]
• Receptive inﬂorescence will feel warm to the touch. Its temperature can
reach 112 degrees Fahrenheit.
• Receptivity and temperature peak around 5:00 PM—the best time to hand
pollinate. Peak temperatures last less than two hours.
• Remove spathe with a sharp knife.
• Apply previously collected pollen to female ﬂowers located on the basal
third of spadix with a brush or by hand. [Fig. 3]
Day 3
• Inﬂorescence will appear unchanged from Day 2. If the spathe had not
been removed, it would close slightly.
Day 4
• Pollen is produced by the male ﬂowers on the inﬂorescence. [Fig. 4]
• Cut the spadix in the center above the previously pollinated female ﬂowers.
• Deposit pollen in container and dispose of cut spadix.
• Refrigerate pollen or use immediately to pollinate receptive female ﬂowers.
Continue to observe inﬂorescences. If pollination is successful, an inﬂorescence
will develop a blackened crusty appearance. [Fig. 5] If pollination was not
successful, the inﬂorescence will decay. A curl at the tip of a closed inﬂorescence
indicates that it opened and closed without pollination and will eventually decay.
[Fig. 6]
Fruit matures from mid June to mid August in Central Florida. During this time,
the propagator will need to check for ripe fruit regularly. Fruit color ranges from
white to golden yellow to orange, and mature fruit is soft to the touch. [Fig. 7] Any
remnants of the spathe will appear to ﬂake away.
Remove ripe fruit from spadix with a knife. Ripe fruit may be collected and
refrigerated before seed cleaning. Fruit should be harvested at least every other
day as they mature.
One teaspoon pectinase enzyme per 2 quarts of fruit will dissolve pulp and make
seeds easier to clean. Add enzyme and water 2-3 days before cleaning seed.
Place seeds and remaining pulp in a mesh sieve and use a high pressure stream
of water to wash away pulp.
Spread seed out and allow drying in a well-ventilated room. [Fig. 8] Stir daily until
dry. A mesh screen may be used to remove any remaining dried pulp. Seed may
then be stored or sown.
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Results and Discussion: An observant and consistent propagator who has
access to mature Philodendron bipinnatiﬁdum stock plants can easily do the work
of hundreds of beetles by dedicating an hour or so each afternoon from April
to August to collecting pollen, applying the pollen to receptive female ﬂowers,
harvesting ripe fruit, and cleaning and storing seeds. Seeds can be sold to the
large number of nurseries that grow this crop or planted and grown out year
round.
To produce marketable plants, sow seed in 50 or 60 cell trays at a rate of
6-8 seed per cell. Do not cover. Place in a protected growing environment—
greenhouse or shade house and mist once or twice daily. Germination
percentages typically approach 100%. Plants can be sold as liners or
transplanted to #1 nursery containers in three to six weeks.
Understanding the thermogenic nature of the plant as it relates to pollination is
not only interesting but can be proﬁtable for Florida plant propagators.
Literature Cited:
1. Gilman, E.F. 1999. Philodendron selloum. Environmental Horticulture
Department, Florida Cooperative Extension Service, Institute of Food
and Agricultural Sciences, University of Florida, Fact Sheet FPS-473
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Figure 1.
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Figure 2.

Figure 3.
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Figure 4.

Figure 5.
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Figure 6.

Figure 7.
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Use of Auxin and a Non-ionic Penetrating
Surfactant in Basal Quick-dip Solutions
for Rooting Cuttings of Rose
Donald J. Merhaut and Eugene K. Blythe
Department of Botany and Plant Sciences,
University of California, Riverside, CA 92521
donmerhaut@ucr.edu
Index Words: Adventitious Rooting, Cutting Propagation, LI-700, Root-promoting
Compounds
Signiﬁcance to Industry: Experimental results indicate use of a basal quickdip in a 10% dilution of Dip ‘N Grow can improve the rooting response of Rosa
‘Noatraum’. The use of the non-ionic penetrant LI-700 does not appear to provide
any beneﬁt when included in the auxin solution with a constant level of auxin.
However, there are opportunities for further research using auxin and other types
of surfactants and penetrants for maximizing cutting response in propagation.
Nature of Work: Soon after the discovery of auxins in the 1930s, their value
in stimulating adventitious rooting of cuttings was established (Chadwick and
Kiplinger, 1938). At present, auxin is most often applied to the base of stem
cuttings using either a quick-dip in a liquid formulation or a dry talc formulation
(Hartmann et al., 2002). The effect of auxin on cuttings can be enhanced by the
use of carriers in auxin solutions (Dirr, 1989). Use of a non-ionic surfactant with
foliar spray application of auxin has been shown to be useful for rooting cuttings
of Rosa ‘Red Cascade’ (Blythe et al., 2004). Perry (1986) reported that bamboo
cuttings took up food dye only in the presence of a surfactant, suggesting that
surfactant might aid the penetration of an auxin solution into cuttings. The
objectives of the present trials were to determine whether stem cuttings of Rosa
‘Noatraum’ (Flower Carpet® pink groundcover rose) would beneﬁt in respect to
initial root and shoot growth in response to, ﬁrst, a basal quick-dip in solutions
containing the auxin formulation Dip ‘N Grow [indole-3-butyric acid (IBA) +
1-naphthaleneacetic acid (NAA); Dip ‘N Grow, Inc., Clackamas, OR] and/or
the non-ionic penetrating surfactant LI-700 (Loveland Industries, Greeley, CO)
(Experiment 1) and, second, to increasing concentrations of LI-700 in solutions of
Dip ‘N Grow (Experiment 2).
In Experiment 1, four solutions were prepared for cutting treatment: 1) water only,
2) 2.5 ml/L LI-700, 3) 1000 ppm IBA + 500 ppm NAA, and 4) 1000 ppm IBA +
500 ppm NAA plus 2.5 ml/L LI-700. In Experiment 2, solutions of 1000 ppm IBA +
500 ppm NAA were prepared with LI-700 at levels of 0, 2.5, 5.0, 7.5, 10, 15, 20,
and 25 ml/L. Semi-hardwood, subterminal stem cuttings of Rosa ‘Noatraum’
were prepared as 2.75-inch, 3-node cuttings (with the basal leaf removed),
dipped to a depth of 0.5 inch into their respective treatments, and inserted to
a depth of 0.5 inch into polypropylene propagation ﬂat (16.25” x 17.5” × 2.5";
Farrand Enterprises, Chino, CA) containing a blend of 90% #3 perlite (Paramount
Perlite, Paramount, CA) and 10% peat moss (Berger Peat Moss, Saint-Modeste,
Canada) with 20 (Experiment 1) or 10 (Experiment 2) cuttings per ﬂat and four
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ﬂats per treatment. Experiment 1 was installed on April 24 and cuttings were
harvested after 64 days. Experiment 2 was installed on July 6 and cuttings
were harvested after 40 days. Flats of cuttings were arranged in a completely
randomized design on raised benches in a whitewashed, ﬁberglass-glazed
greenhouse at Monrovia Nursery Company in Azusa, CA. A fog system provided
90% to 100% relative humidity during daylight hours. At harvest, cuttings were
washed to remove rooting medium, roots were separated from the cuttings, root
and stem tissues from each replicate were dried in a 120°F oven for 4 days, and
total root dry weight (RDW) and shoot dry weight (SDW) for each replicate were
determined. Results were analyzed with a general linear model (Experiment
1) and a linear regression model (Experiment 2) using SAS Version 9.1 (SAS
Institute, Cary, NC).
Results and Discussion: In Experiment 1, rooting of rose cuttings beneﬁted
from the use of a basal quick-dip in 1000 ppm IBA + 500 ppm NAA in comparison
with no auxin treatment based upon RDW (Table 1). Cuttings treated with auxin
produced larger root systems, which can sometimes aid in their establishment
and growth upon repotting. There was some indication of an interaction between
auxin and LI-700 in their effects on RDW, but the effect was marginal (p=0.085)
and would need to be veriﬁed with a larger-scale trial. Assuming an interaction
between auxin and LI-700, there was no apparent affect on RDW from the use of
LI-700 in the absence of auxin, and a negative effect when LI-700 was included
with auxin (perhaps due to excessive auxin uptake). Lack of difference in SDW
indicates that there was no suppression of shoot growth by the use of auxin or
LI-700. In Experiment 2, there was no change in RDW or SDW with increasing
concentrations of LI-700 in a 10% dilution of Dip ‘N Grow (p-values of 0.6872
and 0.5036 for SDW and RDW, respectively). Further trials would be needed to
determine if use of a surfactant would allow use of lower auxin concentrations.
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Table 1. Total root dry weightz and total shoot dry weightz of stem cuttings of
Rosa ‘Noatraum’ (Flower Carpet® pink groundcover rose) in response to a
quick-dip in solutions with and without Dip ‘N Grow (10% dilution) and with and
without LI-700 penetrant (2.5 ml/L), along with the statistical signiﬁcance of the
experimental factors (Experiment 1).
Auxin (IBA + NAAy) rate
LI-700 (ml/L)
(ppm)
0+0
0
0+0
2.5
1000 + 500
0
1000 + 500
2.5
Statistical signiﬁcancex
Full model:
Auxin
LI-700
Auxin × LI-700
Main effectsw:
Auxin
LI-700
Simple effectsv:
LI-700 (treatments without auxin)
LI-700 (treatments with auxin)

Total root dry Total shoot dry
weight (gm)
weight (gm)
1.69
27.45
1.70
27.30
3.48
25.42
2.87
26.91
<0.0001
0.9748
0.0849

0.4934
0.9599
0.6932

<0.0001
0.1175
0.9692
0.0654

z

Mean of four replicates per treatment using the combined weight of 20 rooted cuttings per replicate.

y

Indole-3-butyric acid + 1-naphthaleneacetic acid.

x

P-values.

w
v

Assuming the interaction term of the full model to be not signiﬁcant.

Assuming the interaction term of the full model to be signiﬁcant.
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Rooting Softwood Cuttings of Leyland
Cypress Outdoors Under Shade
L. Eric Hinesley, Frank A. Blazich, and Scott A. Derby
NC State University, Department of Horticultural Science,
Raleigh, NC 27695-7609
frank_blazich@ncsu.edu
Index Words: Christmas Trees, Vegetative Propagation, Substrate, ControlledRelease Fertilizer, Indolebutyric Acid, Auxin, Adventitious Rooting
Signiﬁcance to Industry: Christmas tree growers in North Carolina and
elsewhere often cannot obtain high quality planting stock of Leyland cypress.
Results from a series of studies have led to a protocol described herein that
easily produces good quality liners in an outdoor shade structure with intermittent
mist. Using softwood cutting in May and June yields excellent results, and is
easier and less costly than using hardwood cuttings.
Nature of Work: Leyland cypress, [[X Cupressocyparis leylandii (A.B. Jacks &
Dallim.) Dallim. & A.B. Jacks] a sterile hybrid between Monterey cypress
(Cupressus macrocarpa Hartw. Ex Gord.) and Alaska cedar [Chamaecyparis
nootkatensis (D. Don) Spach], is a popular landscape plant in the southeastern
United States. Leyland cypress was ﬁrst promoted as a Christmas tree in the
South in the 1970s (2, 7), and since that time has increased in popularity. Within
the last decade in the Piedmont and Coastal Plain of North Carolina, it has
largely replaced eastern red cedar (Juniperus virginiana L.) and Virginia pine
(Pinus virginiana Mill. in the choose-and-cut Christmas tree business.
Leyland cypress is propagated vegetatively by stem cuttings. In North Carolina,
the supply of good quality planting stock has not always been adequate for
Christmas tree growers. Stem cuttings of narrow-leaved evergreens are generally
regarded as having the highest rooting potential when hardwood cuttings are
taken between late fall and late winter (5). Good rooting of Leyland cypress has
been reported for both semi-hardwood and hardwood cuttings (1, 3, 4, 5, 6).
We have experienced mixed results with these types of cuttings; in some years
they root well, in other years, they root poorly. Thus, a series of experiments
was conducted to develop a protocol for rooting softwood cuttings of Leyland
cypress in an outdoor shade structure under intermittent mist. Objectives were
to determine the effect of A) date of collection, rooting substrate, and mist
frequency, B) auxin formulation and concentration, C) rooting substrate, D)
substrate fertility, and E) type of cutting and auxin concentration.
Results and Discussion: Results were best for misting intervals of 5 to
7 min during the day, but 10 min was also adequate. Rooting was comparable
for softwood cuttings collected in late May or late June. Powder and liquid
formulations, which both contained indolebutyric acid (IBA), yielded similar
results. Cuttings that were more ligniﬁed (light tan color) at the bases beneﬁted
the most from higher concentrations [≈ 8000 ppm (0.8%)] of IBA in talc, whereas
less mature cuttings (green at the bases) rooted in highest percentages with
lower concentrations [≈ 3000 ppm (0.3%)]. Rooting was similar in substrates
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with a peat:perlite ratio (v/v) of 1:1, 1:2, or 1:4, whereas results were less
satisfactory in 100% perlite. Controlled release fertilizer [1.8 kg/m3 (4 lb/yd3)]
in the rooting substrate did not affect percent rooting, but greatly increased
root mass and quality of rooted cuttings. Doubling the rate resulted in little
additional improvement. Rooting was comparable for vigorous side shoots
(1st-order laterals) and tips from vigorous upright branches (primary axes) of
similar maturity.
These results demonstrate that high quality liners of Leyland cypress can be
produced outdoors under 50% shade and intermittent mist, as follows: A) collect
vigorous, healthy stem cuttings in late May or June, B) use a rooting substrate
of 1:1, 1:2, or 1:4 peat:perlite (v/v) amended with 2 kg/m3 (4 or 5 lb/yd3) of longterm controlled release fertilizer, C) size cuttings to a length of 15 to 25 cm (6
to 10 in) and if necessary, remove soft, succulent growth at the distal ends to
provide straight cuttings, D) just before treatment with auxin, trim each cutting so
that the base is green (preferable) or light tan, E) strip foliage from the lower 5
cm (2 in) of the stem just above the basal cut, F) dip the base in water, shake off
the excess, and treat the base with about 3000 ppm IBA in talc, G) set cuttings
into the rooting substrate using a dibble, and H) mist 10 sec every 5 min during
daylight hours and once hourly at night, using nozzles similar in output to small
(color code ‘green’) Roberts spot-spinners (Roberts Irrigation Products, San
Marcos, CA). The rooting period can vary in length, depending on objectives, but
5 to 6 months is adequate to produce a high percentage of rooted cuttings with
good root systems and vigorous shoot growth. When this protocol was applied
to 6000 stem cuttings of Leyland cypress in the year 2004, about 91% were
moderately to heavily rooted after 6 months, with ﬁrm root balls and many roots
visible on the sides and bottoms of the root balls (personal observations). These
cuttings could be ﬁeld planted or potted in the fall, or maintained over winter
until the following spring. In addition, retaining only cuttings with robust root ball
quality can ensure a high standard for all liners that are taken directly to the ﬁeld
or are kept for potting.
Literature Cited:
1.

Blythe, G. 1989. Cutting propagation of Cupressus and X Cupressocyparis.
Proc. Intl. Plant Prop. Soc. 39:154-160.

2.

Department of Forestry, Clemson University. 1989. Leyland cypress: A tree
of beauty. Dept. of Forestry, Clemson Univ., Clemson, SC. 93 pp.

3.

Dirr, M.A. and J.J. Frett. 1983 Rooting of Leyland cypress as affected by
indolebutyric acid and boron treatment. HortScience 18:204-205.

4.

Dirr, M.A. and C.W. Heuser, Jr. 1987. The Reference Manual of Plant
Propagation: From Seed to Tissue Culture. Varsity Press, Athens, GA. p.
115-116.

5.

Hartmann, H.T., D.E. Kester, F.T. Davies, Jr., and R.L. Geneve. 2002.
Hartmann and Kester’s Plant Propagation: Principles and Practices. 7th ed.
Prentice Hall, Upper Saddle River, NJ.

6.

Powell, J.C. 1985. Production of X Cupressocyparis leylandii. Proc. Intl.
Plant Prop. Soc. 35:722-723.

7.

Schoenke, R.E. and G.L. Tarbox, Jr. 1975. A new conifer for the South:
Leyland cypress. Forest Farmer 34(8):13, 17-18.

Propagation Section

395

SNA RESEARCH CONFERENCE - VOL. 51 - 2006

396

Propagation Section

