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Index Words: Suction lysimeter, Ilex aquifolium x Ilex cornuta ‘Nellie R. Stevens’
Signiﬁcance to Industry: Nitrate nitrogen (NO3-N) and phosphorus (P)
concentrations in substrate of above ground soft-sided porous container
amended with controlled-release fertilizer (CRF) and in adjacent native soil were
monitored for 7 months using suction lysimeters. P concentrations were higher in
container substrate than in native soil throughout the monitoring period. NO3-N
concentrations in the container substrate were less than the recommended level
of 15 ppm, likely due to excessive rain. NO3-N concentrations in the native soil
exceeded 10 ppm, the maximum allowable concentration in drinking water, at
four sampling events. Additional research is needed to quantify the impact CRF
have on ground water NO3-N when container leachate can percolate through
native soils.
Nature of Work: The production method used in this investigation involves
placing large, soft-sided porous containers on the native soil surface and ﬁlling
with substrate commonly used for a similar-sized rigid plastic container. Substrate
nutrition of large plastic, rigid containers is commonly monitored using suction
lysimeters (3). The purpose of this investigation was to monitor the substrate
nutrition of soft-sided porous containers and obtain preliminary data regarding
the movement of phosphorus and nitrate nitrogen from porous containers to
native soil.
Soft-sided porous non-woven polypropylene containers (≈30 gallons, 24 inches
diameter) called “The Smart Pot” (Root Control, Inc., Oklahoma City, Okla.) with
the bottom made from non-woven polypropylene were ﬁlled with commercially
prepared 6 pine bark: 4 Florida peat: 1 sand (by volume) substrate. The substrate
was amended with dolomitic limestone (pH 5.5 – 6.0). On April 28, 2004, a
3-gallon Ilex aquifolium x Ilex cornuta ‘Nellie R. Stevens’ was transplanted into
each container. Florikan® Blend 15-4-9 12-month controlled-release fertilizer
(Florikan, Sarasota, Florida) was applied during potting by distributing 1 pound
of fertilizer around the roots of the transplant as the porous container was ﬁlled
with substrate. Containers were placed on native soil and spaced 6 ft apart in
three rows with 5 ft between the rows in a production area of Sun City Tree Farm,
Ruskin, Florida. The soil surface within the row of plants was maintained free
of vegetation. Plants were watered as needed via Chapin spray stakes type P
[(0.6 quarts/minute≈12 psi) Chapin Watermatics, Inc.,Watertown, New York]. The
irrigation water contained no detectable NO3-N or P.
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Two suction lysimeters (2 inch diameter x 72 inch length, 7.3 psi porous tip,
Soilmoisture, Equipment Corp., Santa Barbara, Calif.) were installed 4 ft deep
within a saturated zone in the native soil (Myakka ﬁne sand). Lysimeters were
positioned 170 ft apart and 125 ft from the ends of the holly production area.
Each lysimeter was placed 30 inches away from the north sidewall of a porous
container within and parallel to the center row of plants. Another lysimeter was
placed in the substrate of each of the two adjacent porous containers, 2 inches
away from the north sidewall and inserted to the bottom of container substrate.
Substrate moisture levels were not high enough to allow sample extraction until
August 4 when signiﬁcant rainfall occurred prior to sampling (Table 1). Solution
samples were removed from lysimeters (3) approximately every 2 weeks until
November 2004. Total P and NO3-N concentrations of samples were determined
by standard analyses at University of Florida Analytical Research Laboratory.
Results and Discussion: Nitrate nitrogen concentrations in the native soil
(Table 1) exhibited a similar response to the concentrations previously reported
for a 6-inch depth at the same nursery (2) in that concentrations decreased with
time from a maximum of 18 ppm in the current investigation and 11 ppm in the
previous investigation (2). However, phosphorus concentrations in the native soil
seemed to be inﬂuenced by the large amount of rain prior to sampling on August
4 and 31, because phosphorus was not detected in the lysimeter solution until
August 4.
A similar situation was observed for the container substrate. On August 4, the
substrate contained enough moisture that samples were collected. The nitrate
nitrogen concentrations in the container substrate in August (Table 1) were about
one half those reported previously (2) for samples taken 3 months after potting.
But, total phosphorus was higher (6-9 ppm) than previously reported (≈3 ppm) for
a similar time after potting (2).
Container substrate nitrate nitrogen levels were less than 15 ppm, which
is the lower limit recommended for desirable growth (4), while phosphorus
concentrations were in the recommend range of 5-10 ppm (4) for most samples.
Native soil nitrate nitrogen concentrations for all sampling dates averaged
8.7 ppm, but on four sampling dates nitrate concentrations of the native soil
exceeded 10 ppm, the maximum allowable concentration in drinking water. Bir
and Hoyt (1) evaluated nitrate nitrogen at various depths in a clay loam soil and
found that 3 feet from a tree fertilized with ammonium nitrate soil nitrate nitrogen
concentrations were about 10 ppm, when sampled 30 inches below the soil
surface. Their evaluations were conducted on soil previously used for Bermuda
grass hay production while the production area at Sun City Tree Farm had been
used for several years to produce container-grown trees.
Based on this preliminary investigation, additional research is needed to quantify
the impact controlled-release fertilizers have on ground water nitrate nitrogen
when container leachate can percolate through native soils. It is likely that
fertilization and irrigation Best Management Practices for ﬁeld-grown plants are
needed to protect ground water quality.
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Table 1. Nitrate nitrogen and total phosphorus concentrations in Myakka ﬁne
sand native soil and in adjacent soft-sided, porous non-woven polypropylene
container ﬁlled with 6 pine bark: 4 Florida peat: 1 sand substrate (by volume)
and amended with 1 pound Florikan® Blend 15-4-9 controlled-release fertilizer
at time of planting ‘Nellie R. Stevens’ holly (April 28, 2004). Data are mean of
two samples.
Sample
date
(2004)
May 12
June 3
June 18
July 1
Aug. 4
Aug. 31
Sept. 15
Sept. 28
Oct. 11
Nov. 30

Nitrate nitrogen
(ppm)
Native Container
soil
substrate
15
15
6
0.3
18
7
13
9
9
4
6
6
4
5
1
7

Total phosphorus
(ppm)
Native Container
soil
substrate
0
0
0
0
0.04
9
0.29
6
0.19
4
0.23
6
0
5
0.04
3

Cumulative rainfall
(inches)
Sample day to
preceding sample day
0.02
4.36
2.39
12.98
13.65
8.45
4.04
1.37
3.29

Rainfall data from National Weather Service, Ruskin, Florida. http://weather.gov/climate.
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Effect of Nursery Source and Initial Planting Size on
Trunk Growth of Field-grown Maple in Arkansas
James A. Robbins
University of Arkansas, Horticulture Department, Little Rock, AR 72204
jrobbins@uaex.edu
Index Words: nursery production, caliper
Signiﬁcance to the Industry: Field-grown red and freeman maple, purchased
from different nursery sources and in different liner sizes, were measured
frequently for changes in trunk caliper. For either maple, trunk growth starts
in May and continues through September. Differences in trunk growth were
noted based on nursery and liner source. Trunk growth data when combined
with initial liner cost and tree mortality will help ﬁeld nurseries make better
purchasing decisions.
Nature of Work: Data are not available on the effect of nursery source and liner
size on the growth rate of ﬁeld-grown shade trees. Growers would beneﬁt from
knowing the impact of a purchasing decision on tree growth. The objective of
this research was to evaluate the effect of nursery sources and liner size on the
growth of ﬁeld-nursery grown shade trees in the Delta region of Arkansas.
This study was conducted at a commercial ﬁeld shade-tree nursery in Harrisburg,
AR. The cultivar and tree species used in this study include ‘Franksred’ red
maple (Acer rubrum), and Autumn Blaze™ freeman maple (Acer x freemanii).
The ‘Franksred’ maple was purchased in seven sizes ranging from 4’ bareroot
(BR) to 7-gal container from two different nursery sources in Oregon. Autumn
Blaze maple was purchased in four different sizes from one nursery source
in Oregon. Trees were planted on 2 April 2004 by the nursery owner. Plants
were watered as needed by drip irrigation. A maintenance level (50 lb N/A) of N
fertilizer, applied as urea, was broadcast by hand in mid-March of every year.
Tree spacing within a row is 6 ft on center. The pattern of tree row spacing is
2 rows of trees separated by an 8-ft wide aisle, a 12-ft wide aisle, and then
another set of two tree rows each separated by an 8-ft wide aisle. Trunks were
measured four to six times per year at 6” and 39” above the soil line using a
caliper. The same eight trees within a nursery row of 50 trees were measured.
Mean separation by Tukey’s HSD (p=0.05).
Results and Discussion: The original purpose of this project was to answer a
question by a ﬁeld grower in Arkansas when trees increase in trunk caliper. The
grower had been told that shade trees trunk caliper increases during the winter.
Based on trunk caliper measurements taken almost bimonthly, it would appear
that signiﬁcant caliper growth starts in May and continues through September
(Figure 1). Shoot growth, although not measured in this study, precedes the
onset of trunk growth. There is no trunk growth during the winter months.
Although not statistically signiﬁcant, there is a trend for trunk shrinkage in late
winter. For Red Sunset maple, the largest trunk caliper after three growing
seasons was for trees initiated from the largest liner size (7-gal) (Figure 2).
Field Production Section
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The largest percent increase in trunk caliper was measured on trees from a
3-gal liner. Percent increases in trunk caliper ranged from 223 (5-gal) to 445%
(3-gal). Initial liner size also inﬂuenced trunk caliper size for Autumn Blaze maple
(Figure 3).
Acknowledgements: The author is extremely appreciative of the donation of
production space by Lawrence Reddmann Farms, Harrisburg, AR.
Figure 1. Percent increase in trunk caliper from initial planting for Red Sunset red
maple and Autumn Blaze freeman maple.

Figure 2. Trunk caliper for Red Sunset red maple based on initial liner size and
from two different nursery sources (‘A’ and ‘B’).
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Figure 3. Trunk caliper for Autumn Blaze freeman maple based on initial
liner size.
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Effect of Weed Control on the Growth
of Field-grown Shade Trees in
Central Arkansas after Four Years
James Robbins and John Boyd
Cooperative Extension Service, University of Arkansas, Little Rock, AR 72204
jrobbins@uaex.edu
Index Words: herbicides, red maple, Callery pear, willow oak
Signiﬁcance to industry: Weed control is a common recommendation for
overall best management practices in ﬁeld shade tree production. While the
recommendation makes good common sense, little data exists to quantify
the impact of this cultural practice. Overall results indicate that the use
implementation of vegetation control within the tree row has a signiﬁcant effect on
growth and mortality of shade trees.
Nature of Work: While the literature (2, 3) encourages the use of a vegetativefree area around the base of shade trees in a ﬁeld nursery, there is little data to
quantify the impact on shade tree growth (6). Data have been published on the
effect of vegetation-free zones in fruit and nut crops (1, 4, 5).
This study was conducted at a commercial nursery in central Arkansas. Plants
included in this study were Acer rubrum, Pyrus calleryana ‘Cleveland Select’,
and Quercus phellos. Trees had been planted from containers (1-gal Acer
rubrum (seedlings), 5-gal Pyrus calleryana ‘Cleveland Select’, and 5-gal Quercus
phellos) on 22 April, 2002 by the nursery. Plants were watered as needed by drip
irrigation. The standard practice in the nursery is to mow the aisle between rows
of trees but not to use any mechanical or chemical weed control within a row of
trees. Tree spacing is 8’ O.C. The pattern of tree row spacing is 3 rows of trees
separated by a 10’ tall fescue/bermudagrass aisle, an 18’ grassy aisle, and then
another set of 3 tree rows each separated by a 10’grassy aisle.
Weed control consisted of two treatments: vegetation-free 1’ on either side of
the tree row (16 ft2 rectangle) versus a vegetative ground cover within the treerow. Weed control was accomplished annually using a spring and fall application
of pendimethalin (3 lb a.i./A) pre-emergent herbicide and two spot applications
during each growing season with glyphosate. Herbicide treatments were
imposed on trees growing in commercial nursery. Treatments were assigned in a
completely randomized design. Treatments consisted of a single plant replicate,
however, the number varied depending on the species. The study included 47,
45, and 23 single plant replicates, respectively, for willow oak, red maple, and
Callery pear. Final shoot growth and trunk caliper was measured on 6 November,
2003, 15 October, 2004 and 10 October, 2005.
Results and Discussion: Maintaining a vegetation-free zone had a signiﬁcant
effect on tree mortality and growth on 3 tree taxa. Red maple seedlings were
most responsive to vegetation control with ﬁnal shoot height 85% taller, and
mean trunk caliper 167% larger, for red maple trees growing in vegetation-free
110
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zones (Table 2). Mean trunk caliper for Callery pear and willow oak was 48% and
58%, respectively, larger at the end of two growing seasons when vegetation was
absent near the tree base (Tables 3 and 4). For all three tree taxa, trunk caliper
was inﬂuenced more by vegetation than shoot height. Tree mortality was higher
for red maple and willow oak when vegetation was not removed from the nursery
row (Table 1).
Acknowledgements: The author is extremely appreciative of the donation of
production space by Bemis Tree Farm, Little Rock, AR.
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Table 1. Effect of vegetation-free zones (16 ft2) on percent (%) mortality.

Treatment
Vegetation-free
Vegetation

Red Maple
Callery Pear
Willow Oak
2003 2004 2005 2003 2004 2005 2003 2004 2005
30
39
39
0
0
0
2
4
4
45
64
66
0
0
0
25
40
44

Table 2. Effect of vegetative-free zones (16 ft2) on shoot height and trunk caliper
of red maple.

Treatment
Vegetation-free
Vegetation

Mean Shoot Height (cm)
2003
2004
2005
155 az
240 a
290 a
121 b
142 b
157 b

Mean Trunk Caliper (cm)
2003
2004
2005
1.9 a
2.9 a
4.0 a
0.9 b
1.2 b
1.5 b

Numbers within a column followed by the same letter are not signiﬁcant at the 5% level.

Z
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Table 3. Effect of vegetative-free zones (16 ft2) on shoot height and trunk caliper
of Callery pear.

Treatment
Vegetation-free
Vegetation

Mean Shoot Height (cm)
2003
2004
2005
309 az
384 a
442 a
260 b
313 b
372 b

Mean Trunk Caliper (cm)
2003
2004
2005
5.1 a
7.3 a
8.6 a
3.4 b
4.8 b
5.8 b

Numbers within a column followed by the same letter are not signiﬁcant at the 5% level.

Z

Table 4. Effect of vegetative-free zones (16 ft2) on shoot height and trunk caliper
of willow oak.
Treatment
Vegetation-free
Vegetation

Mean Shoot Height (cm)
2003
2004
2005
287 az
364 a
422 a
269 b
299 b
362 b

Mean Trunk Caliper (cm)
2003
2004
2005
3.6 a
5.3 a
6.8 a
2.4 b
3.3 b
4.3 b

Numbers within a column followed by the same letter are not signiﬁcant at the 5% level.

Z
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Effect of Nitrogen on the Growth of
Field-Grown Ornamental Trees in
Eastern Arkansas after Four Years
James A. Robbins
University of Arkansas, Horticulture Department, Little Rock, AR 72204
jrobbins@uaex.edu
Index Words: nursery production, plant nutrition, fertilizer
Signiﬁcance to the Industry: Field-grown red maple, crabapple, and swamp
white oak trees were fertilized with different nitrogen fertilizer regimes based
on time of year and nitrogen rate. Regardless of N treatments, minimal to no
differences in tree growth or leaf N concentrations have been observed after four
growing seasons. Data from the Arkansas Delta suggest that N input is minimal
in ﬁeld production thus reducing nutrient input costs.
Nature of Work: Limited data is available on the effect of nitrogen (N) rate on
the growth of ﬁeld-grown shade trees (4). Speciﬁc results are dependent on the
N rate, time of application, and species involved (1, 2,3). The objective of this
research was to evaluate the effect of N rate on the growth of ﬁeld-nursery grown
shade trees in the Delta region of Arkansas.
This study was conducted at a commercial ﬁeld shade-tree nursery in Harrisburg,
AR. The cultivar and tree species used in this study include: ‘Franksred’ red
maple (Acer rubrum), ‘Prairie Fire’ crabapple (Malus species), and swamp white
oak (Quercus
Quercus bicolor
bicolor). Trees were planted as bareroot (BR) plants on 25 March
2002 by the nursery owner. Plants were watered as needed by drip irrigation.
Tree spacing within a row is 6 ft on center. The pattern of tree row spacing is
2 rows of trees separated by an 8-ft wide aisle, a 12-ft wide aisle, and then
another set of two tree rows each separated by an 8-ft wide aisle. Tree density
is approximately 560 trees/acre. A maintenance level (36 lb N/A) of N fertilizer,
applied as urea, was broadcast by hand on 11 April 2002 with some of the
BR trees just beginning to break bud. In subsequent years the ﬁrst N-fertilizer
treatments were applied in mid-March, which is 3 to 4 weeks before bud break
for northeast Arkansas. Nitrogen fertilizer treatments were applied in mid-March
(spring), late May (summer), and mid-October (fall) of 2003, 2004 and 2005.
Urea was broadcast by hand to the soil surface in an area 1 ft2 within the tree
trunk. Treatments were assigned in a completely randomized design. Treatments
were applied to single plants, which represented one replicate. The total number
of replications varied among species.. The number of single plant replicates was
17 for ‘Franksred’ red maple, 15 for ‘Prairie Fire’ crabapple, and 18 for swamp
white oak. Every year in June the soil was tested to establish P & K levels. Soil
was sampled to a depth of 4-6”. A slight deﬁciency was noted based on the soil
test for both nutrients in 2003 and appropriate fertilizer treatments were made
(110 lbs/A P2O5 from triple superphosphate, 0-46-0; and 110 lbs/A K20 from
muriate of potash, 0-0-60). No additional P or K was required in 2002, 2004 or
2005 as indicated by the soil test.

Field Production Section

113

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
Fully mature leaves were collected in June of each year for tissue analyses. Leaf
samples were dried in an oven at 65ºC for 48 hours and ground to a powder
using a coffee mill. Leave tissue as digested in concentrated nitric acid and 30%
H2O2 and digests were analyzed by inductively coupled atomic spectroscopy to
determine leaf P and K concentrations. Leaf N concentration was determined
by combustion. Tree growth was evaluated by measuring the trunk caliber 1 m
above the soil surface and tree height on 20 November 2003, 1 December 2004
and 1 November 2005. Mean separation by Tukey’s HSD (p=0.05).
Results and Discussion: Regardless of the tree species, N rate did not have
a signiﬁcant effect on tree height or trunk caliper during the second (2003), third
(2004, and fourth growing season (2005) with one exception (Tables 1- 3). In
2005, there was a signiﬁcant difference in mean trunk caliper with Swamp White
Oak when fertilized with the controlled-release nitrogen relative to unfertilized
trees (Table 1). Nitrogen fertilizer treatment rate also failed to signiﬁcantly effect
leaf P and K concentrations during fourth growing season (2005) for all three
species (Tables 1-3). Signiﬁcant differences in tissue N concentrations occurred
among N treatments only for the ‘Franksred’ red maple species (Table 2).
Although some of the leaf N concentrations differed among N treatments, the
concentrations were all considered sufﬁcient for normal tree growth. These
results are similar to data collected from callery pear (Pyrus calleryana), willow
oak (Quercus phellos), and red maple (Acer rubrum) growing at a second nursery
in the Arkansas Delta (data not shown). Based on these data, it would appear
that N input for Arkansas Delta ﬁeld nurseries is minimal thus reducing nutrient
input costs.
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Mean Trunk Caliper
2003
2004
2005
----cm---2.6 a
4.1 a
6.1 ab
2.6 a
3.9 a
5.6 ab
2.4 a
3.7 a
5.7 ab
2.4 a
3.8 a
5.7 ab
2.6 a
4.3 a
6.2 a
2.4 a
3.5 a
4.9 b

Mean Tree Height
2003
2004
2005
----cm---171 a
230 a
310 a
168 a
234 a
289 a
157 a
208 a
295 a
165 a
219 a
297 a
168 a
242 a
314 a
168 a
224 a
282 a

2005 Leaf Nutrient
Concentrations
N
P
K
------%------2.6 a
0.15 a
0.85 a
2.6 a
0.15 a
0.80 a
2.4 a
0.15 a
0.83 a
2.6 a
0.15 a
0.84 a
2.5 a
0.16 a
0.85 a
2.5 a
0.18 a
0.78 a

Values represent N application times (Spring-Summer-Fall): mid-March, late May, and mid-October of 2003, 2004 and 2005.

X

PolyOn (Pursell Technologies, Sylacauga, AL) 17-5-11 (N-P2O5-K2O analysis), 12-14 month controlled release fertilizer; ‘punch and ﬁll’ method.

Y

Z

Unless otherwise noted the N-fertilizer source was granular urea (46% N); N was applied mid-March (spring), late May (summer), and/or mid-October (fall).

36-0-0y
36-0-0
36-0-0
72-0-0
72-0-0
72-0-0
50-50-0
50-50-0
50-50-0
50-50-50 50-50-50 50-50-50
94-0-0x
0-0-0
94-0-0
Unfertilized control

N Fertilizer TreatmentZ
2003
2004
2005

Table 1. Trunk caliper, shoot height, and leaf N, P, and K concentrations for Swamp White Oak fertilized with different N-fertilizer rates
and application times at a ﬁeld shade tree nursery in Harrisburg, AR. Mean separation by Tukey’s HSD (p=0.05).
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Mean Trunk Caliper
2003
2004
2005
----cm---2.7 a
4.7 a
6.2 a
2.6 a
4.6 a
6.0 a
2.7 a
4.7 a
6.3 a
2.9 a
4.7 a
5.8 a
2.6 a
4.7 a
5.9 a
2.9 a
4.9 a
6.4 a

Mean Tree Height
2003
2004
2005
----cm---276 a
379 a
381 a
263 a
388 a
398 a
289 a
378 a
405 a
285 a
396 a
349 a
256 a
366 a
386 a
263 a
402 a
410 a

2005 Leaf Nutrient
Concentrations
N
P
K
------%------2.2 ab
0.16 a
0.75 a
2.2 ab
0.16 a
0.66 a
2.3 ab
0.16 a
0.72 a
2.4 a
0.15 a
0.74 a
2.4 a
0.16 a
0.80 a
2.0 b
0.16 a
0.70 a

Values represent N application times (Spring-Summer-Fall): mid-March, late May, and mid-October of 2003, 2004 and 2005.

X

PolyOn (Pursell Technologies, Sylacauga, AL) 17-5-11 (N-P2O5-K2O analysis), 12-14 month controlled release fertilizer; ‘punch and ﬁll’ method.

Y

Z

Unless otherwise noted the N-fertilizer source was granular urea (46% N); N was applied mid-March (spring), late May (summer), and/or mid-October (fall).

50-0-0y
50-0-0
50-0-0
50-50-0
50-50-0
50-50-0
50-50-50 50-50-50 50-50-50
50-50-100 50-50-100 50-50-100
94-0-0x
0-0-0
94-0-0
Unfertilized control

N Fertilizer TreatmentZ
2003
2004
2005

Table 2. Trunk caliper, shoot height, and leaf N, P, and K concentrations for ‘Franksred’ Red Maple fertilized with different N-fertilizer
rates and application times at a ﬁeld shade tree nursery in Harrisburg, AR. Mean separation by Tukey’s HSD (p=0.05).
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Mean Trunk Caliper
2003
2004
2005
----cm---2.6 a
3.3 a
4.1 a
2.5 a
3.3 a
3.8 a
2.4 a
3.3 a
4.0 a
2.4 a
3.3 a
3.9 a
2.6 a
3.4 a
4.1 a
2.5 a
3.3 a
4.1 a

Mean Tree Height
2003
2004
2005
----cm---189 a
230 a
264 a
184 a
220 a
251 a
194 a
234 a
251 a
191 a
228 a
250 a
191 a
234 a
273 a
185 a
236 a
261 a

2005 Leaf Nutrient
Concentrations
N
P
K
------%------2.2 a
0.16 a
1.27 a
2.1 a
0.17 a
1.36 a
2.3 a
0.16 a
1.35 a
2.2 a
0.15 a
1.17 a
2.1 a
0.16 a
1.24 a
2.3 a
0.18 a
1.24 a

Values represent N application times (Spring-Summer-Fall): mid-March, late May, and mid-October of 2003, 2004 and 2005

X

PolyOn (Pursell Technologies, Sylacauga, AL) 17-5-11 (N-P2O5-K2O analysis), 12-14 month controlled release fertilizer; ‘punch and ﬁll’ method.

Y

Z

Unless otherwise noted the N-fertilizer source was granular urea (46% N); N was applied mid-March (spring), late May (summer), and/or mid-October (fall)

50-0-0y
50-0-0
50-0-0
50-50-0
50-50-0
50-50-0
50-50-50 50-50-50 50-50-50
50-50-100 50-50-100 50-50-100
94-0-0x
0-0-0
94-0-0
Unfertilized control

N Fertilizer TreatmentZ
2003
2004
2005

Table 3. Trunk caliper, shoot height, and leaf N, P, and K concentrations for ‘Prairie Fire’ Crabapple fertilized with different N-fertilizer
rates and application times at a ﬁeld shade tree nursery in Harrisburg, AR. Mean separation by Tukey’s HSD (p=0.05).
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Is Leyland Cypress the Southern Christmas Tree?
Forrest Stegelin
University of Georgia Department of Agricultural
and Applied Economics, Athens, GA 30602-7509
fstegelin@agecon.uga.edu
Key Words: Leyland cypress, production, marketing, economics, Virginia pine,
Christmas tree
Signiﬁcance to Industry: Leyland cypress is not a miracle tree, although it will
produce a pretty, conically-shaped tree with little effort. Southern Christmas tree
farming will still be a difﬁcult, exacting business even with this improved tree.
With improved species, such as the Leyland cypress, the Southern Christmas
tree industry can become a good proﬁtable business.
Nature of Work: Twenty years ago, when tobacco growers and other small
and limited resource farmers were driven almost in panic to ﬁnd proﬁtable
alternative enterprises, Christmas tree production looked to be possibly the
best return per acre from many possible crops grown in the South. At that time,
Virginia pine appeared to be the answer – all that was needed were cheap
seedlings, a pasture mower, mechanical or manual shears, and 5 or 6 years
of time. A national Christmas tree glut hit about the time many producers were
ready to market their trees, so faced with national competition, expenses, and
difﬁculties with growing Virginia pine (pests, poor shape, lack of uniformity, low
salability percentages, sad ﬁnancial returns), beleaguered growers turned to
Leyland cypress, Cupressocyparis leylandii. They did so because of the studies
conducted by Clemson University in the 1970s using Leylands as a southern
Christmas tree. As a result, demand for rooted cuttings for Leylands to be used
in Christmas tree production accelerated in the early 1990s, and is still strong in
the early 2000s. So, has the Virginia pine been replaced by the Leyland cypress
as the southern Christmas tree? What is the consumer preference for Leyland
cypress as either a choose-and-cut, a pre-cut, or a living tree in B&B or large
container? Is the production regime decidedly different for Leyland cypress than
Virginia pine, and what are the production expense differences?
Results and Discussion: Leyland cypress is a cross-genus hybrid and called
a cypress since its parentage is the Alaska cedar (a “false cypress”) and the
Monterey cypress (a “true cypress”), although neither are related to the southern
baldcypress. Leyland cypress seems to stand hot weather much better than
it does cold, suffering severe damage and death at 0° F temperatures. The
literature indicates that Leyland cypress will grow on a wide range of soil types
from sand to clay (seems to do best where some clay is present in the soil) and
a pH range of 5.0 to 8.0. Leyands react much more noticeably to soil fertility
and drought than does Virginia pine. Leyland cypress must be vegetatively
propagated since it is a sterile hybrid. Planting spacing on the Leylands is similar
to that used on Virginia pine, either 6 feet by 7 feet or 7’ x 7’. It is probably best
to let the plants grow and mature at the nursery over the winter and plant them in
February or early March after the coldest weather is past, although a November
to April window is acceptable without severe mortality problems.
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Virginia pine survival usually falls in the 60 to 90% range, with 85% considered
very good. Leyland cypress survival varies widely depending on ﬁeld conditions
and the quality and handling of planting stock; if large, healthy plants are properly
planted in a well-prepared ﬁeld, survival rates above 95% are the norm. The
growth rates for Leyland cypress vary widely, depending on soil, geographic
location, cultural practices, and the cultivar planted. Under good conditions,
growth is observed at about 3 feet per year without shearing and 2 feet per year
under normal shearing.
Because Leyland cypress reacts so dramatically to growing conditions,
competition control is probably even more important with it than with other
Christmas tree species. Typically, the more you do for a Leyland cypress, the
better the tree will perform. A two-feet weed-free buffer around each tree aids in
performance; herbicides are the most cost effective solution to the competition
problem. Basal pruning also is a must.
One of the most signiﬁcant advantages offered by Leyland cypress over
Virginia pine is its resistance to almost all insects and most diseases. Although
cypress canker and bagworms may be seen, several common fungi present
in the environment appear to attack Leylands under stress, as they are under
prolonged periods of drought and very hot summers – 2006! Poor air circulation
within Leyland cypress ﬁelds also contributes to the problem of the fungi.
Although Leyland cypress will stand, even requires more soil moisture than
Virginia pine, it still does not like wet feet, which results in severely retarded
growth, poor color and mortality. This can be remedied with well-planned ﬁeld
drainage and drip irrigation.
Shearing of Leyland cypress is does at the same time and in a similar manner
to the Virginia pine. The top is still set by hand, although at a different location
than on a Virginia pine, and the tree is sheared with mechanical shears. Leyland
cypress tends to form multiple leaders which can become multiple stems if
left unchecked, which require additional pruning during the growth season. An
economic comparison of costs and returns between the Virginia pine and Leyland
cypress is presented in Table 1.
Wholesale pre-cut, B&B or in large containers as living trees, or retail chooseand-cut? Which way sells? Very few Leylands are being wholesaled as growers
can sell all they can grow choose-and-cut. Artiﬁcial coloring is seldom needed,
although clean-up spraying within a few weeks prior to sale to rid the trees
of aphids, spiders and the like is suggested. Although some choose-and-cut
growers cut the Leylands for their customers to keep the trunks from splitting,
good basal pruning eliminates most trunk splitting. Large Leylands (over
10 feet tall) do have very hard wood so cutting by the customer may be difﬁcult;
furthermore, these large trees are so heavy that most customers need some help
dragging them out and loading, so on-site assistance should be available.
Leyland cypress, unlike Virginia pine, does not normally have dead needles to
shake out, thereby cutting sales costs about one-third by streamlining loading
and checkout. Leylands also slide through baling machines with a fraction of the
effort required for a pine of the same size as the Leyland’s limbs grow somewhat
upward rather than straight out.
Field Production Section

119

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
An excellent ﬁeld of Virginia pine might yield 75% salable trees, whereas
Leylands consistently yield 95% salable trees. As for quality, it is an outstanding
ﬁeld of Virginia pine which grades out 20% premiums, if grading rules are strictly
applied. On the other hand, Leyland cypress commonly produces in excess of
70% premiums. Leyland cypress also has only a faint aroma; if the Christmas
tree smell is a marketing need, hanging a small Christmas tree shaped air
freshener in each tree may satisfy the customer. With the lack of a strong odor,
allergy and Christmas tree asthma sufferers will ﬁnd relief since the Leyland
cypress emits only limited quantities of oleoresins that give Christmas trees their
pleasant Christmas smell – the allergy source.
As to customer preference, most customers prefer Leyland cypress over
Virginia pine whenever given a choice. Some customers express concern over
the apparent lack of branch stiffness that can cause decorating problems with
large, heavy ornaments – this just gives the customer an excuse to buy new
ornaments. The biggest factor in the consumer’s positive view of the Leyland
cypress is its outstanding house-life, lasting well through the winter if kept in
water. The customer has to understand that the tree must be kept in water – it will
drink far more water than any other tree, so larger water capacity tree stands are
a must (a nice add-on sale item to sell at the tree farm). Light ﬂocking reduces
the chance the tree will dry out because ﬂocking can practically eliminate
transpiration.
Literature Cited:
1.

Leyland Cypress Grower’s Guide. 1995. Webpage: http://www.
southerntrees.com/cforest/guide.html.

2.

Schoenike, R.E. and M.T. Gaffney. 1989. The Leyland Cypress, a Tree of
Beauty. Clemson University and the South Carolina Forestry Commission.
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Stegelin, Forrest and Deborah B. Hill. 1989. “Economics and Budgeting.”
Kentucky Christmas Tree Production Workbook. UK/CA/CES FOR-36.

Table 1. Revenue and Costs per Acre Comparison of Virginia Pine and Leyland
Cypress, 2006.
Item
Trees Sold
Rotation (age of harvest plus one year to
lay out)
Price/Tree (choose & cut, 6’ – 8’ tall) ($)
Gross Income ($)
Planting & Regeneration Costs ($)
Production Costs (fertilizer, chemicals,
labor, etc.) ($)
Sales & Marketing Costs ($)
Total Costs ($)
Net Income ($)
Net Income/Year ($)
Net Income/Salable Tree ($)
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Virginia Pine
700

Leyland Cypress
950

6

5

25
17,500
610

35
33,250
2,347

9,400

8,950

2,855
12,865
4,635
662
6.62

3,348
14,645
18,605
3,212
19.58
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Multiple Seeding Ratios of Turf-Type Fescue with
Kentucky and Hybrid Bluegrass for the Elimination
of Sod Net in Turf Production
Rhonda Britton, Rudy O. Pacumbaba, Jr., Caula Beyl and Cathy Sabota
Department of Plant and Soil Science,
Alabama A&M University, PO Box 1208, Normal, AL 35762
Index Words: Kentucky Bluegrass, Hybrid Bluegrass, Fescue, Sod Net,
Turf Production
Signiﬁcance to Industry: Production of cool season turfgrasses in the warmer
transitional zone presents a challenge to sod producers in the south central
area of the United States. Turf-type tall fescue (TF) is a bunch type turfgrass.
This forces producers to rely on incorporating sod net for successful production
of TF sod. The sod net adds extra cost to the producer which is passed on to
the consumer. As a result, the consumer then has to deal with the sod net in
the landscape. Kentucky bluegrasses (KBG) and hybrid bluegrasses (HT) have
rhizomes as a root form, which enables the cool season turf to hold “a block” of
sod. New and improved KBG were evaluated with a new HT as an alternative
to sod net. Turf-type tall fescue was evaluated with multiple seed ratios of KBG
and HT and grown with and without net to evaluate the tensile strength of the
resulting sod for production.
Nature of Work: Turf type tall fescue and Kentucky bluegrass have been used
extensively for sod production (2). Turfgrass beneﬁts our society in many ways.
Turfgrass provides cooling to the air surrounding our homes. Also, a twenty-ﬁve
hundred square foot lawn can absorb carbon dioxide and release enough oxygen
for a family of four (3). Turfgrass covers 50 million acres in the United States with
an estimated value of $40 billion annually (1).
Three selected turfgrass cultivars [Dynasty turf-type tall fescue (TF), Bronco
Kentucky bluegrass (KBG), and Thermal Blue hybrid bluegrass (HT)] were
planted at the Alabama A&M University Winfred Thomas Agricultural Research
Station in Hazel Green, Alabama, in the fall of 2003 to evaluate their tensile
strength the following season for sod production in the north Alabama area.
The plots were arranged in randomized complete block design containing
four replications with 4 treatments of various ratios of TF and KBG: 100% TF
rate, 90% TF rate, 70% TF, and 0% TF rate with the remaining percentages
being KBG (Table 1). The same design and approach was repeated for various
combinations of TF and HT. The plots were planted September 15, 2003 in
3 meter by 3 meter areas divided in half. A split-plot design was used for the sod
net evaluation. One half of the plot had sod net and the other half did not. The
sod net used was the same net used commercially in the industry. There was
a 60 cm ﬁlter strip around each plot seeded with annual ryegrass to keep the
seed from each plot ﬁltering into the next plot and contaminating the blended
turfgrasses. Once the plots were established, a test lift of each block was
performed and evaluated with a standard Brouwer sod harvester for both the net
and no net areas. Sod strength was measured using a sod pulling machine.
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Results and Discussion: The 70% TF rate with KBG and net showed the
highest mean of 63.2 Kg (Fig. 1). The next highest rate was 100%TF with net
at 61.8 Kg. The 90% TF with HT was the next highest at 60.6 Kg. The highest
tensile strength of any of the treatments without sod net was 100% TF with a
measure of 48.1 Kg. This measurement was higher than the 100% KBG with net
and the 70% TF with HT and net.
The adjustment of the seeding rates of each treatment did show some variation
and strength with net. As the percentage of TF decreased on the treatments
without net, the tensile strength also decreased. The 100% TF even without
net showed a higher tensile strength than any of the bluegrasses. The addition
of Bluegrass hybrids to tall fescue under these ratios did not show an increase
in tensile strength to the sod in order to facilitate the omission of sod net in the
production of cool season turfgrasses.
Literature Cited:
1.

Dysart, J. and K.N. Norris, 2003, The Fight for Funding. Turf 8:A17-A23.
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Figure 1. Tensile strength means of sod under turf type tall fescue, Kentucky
bluegrass, and hybrid bluegrass with net and no net treatments.
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Table 1. Treatment key.
Treatment No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Description
70% TF/30%KBG Net
100% TF Net
90% TF/10% HT Net
100% TF Net
0% TF/100% HT Net
90% TF/10% KBG Net
100% TF No Net
0% TF/100% KBG Net
70% TF/30% HT Net
100% TF No Net
90% TF/10% HT No Net
70% TF/30%KBG No Net
70% TF/30% HT No Net
90% TF/10% KBG No Net
0% TF/100% KBG No Net
0% TF/100% HT No Net
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Quantifying Soluble Salts in
Field Nursery Soils’ Solution
Sam O. Dennis1, Sunnie Aburime2 and Teferi Tsegaye3
1
Institute of Agricultural & Environmental Research,
Tennessee State University 3500 John A. Merritt Blvd Nashville TN 37209
2
Research Center for Science & Technology,
Clark Atlanta University, Atlanta GA
3
Department of Plant & Soil Sciences, Alabama A&M University, Normal, AL
sdennis@tnstate.edu
Index Words: pH, Lime, Cations, Anions, Salinity, Electrical conductivity,
Soluble salts
Signiﬁcance to Industry: The nursery industry continues to strive to produce
good quality and marketable crops. Incidence of soil salinity should not limit their
potential to do so. The study tends to replace conjecture with sound data and
recognizes that ﬁeld soil salinity is not a problem for middle Tennessee nursery
crop growers. However, with recent erratic weather patterns, growers need to
incorporate an efﬁcient fertilizer nutrient and liming management plan into their
crop production decision making process. They also need to be aware that soil
salinity has been known to adversely limit crop production.
Nature of Work: Soils high in soluble salts are considered to be saline soils.
One usually ﬁnds these conditions in arid and semi-arid regions. In humid
regions ﬁeld soil salinity is usually not a problem because there is sufﬁcient
rainfall to leach excess salts out of the soils. However this is beginning to
change because of recent weather conditions. With temperatures in high 80s to
mid-90s several days in the summer, and with less rainfall soil salinity could be
become problem that growers might have to deal with as they make their crop
management decisions.
Soil salinity has been known to limit crop production and soil properties such as
soil water content (3, 4). The accumulation of soluble salts in soil proﬁle curtails
plant growth by increasing the osmotic potential of the soil solution and inducing
speciﬁc ion toxicities or nutrient imbalance (1). High levels of soluble salts may
indicate over fertilization or poor drainage conditions that have allowed the salts
to accumulate in the soil. The predominant solutes responsible for salinity include
the cations sodium, calcium, and magnesium and the anions sulfate and chloride.
It is noteworthy that some of the cations are present in agricultural lime materials.
For example, calcium and magnesium are present in (ground) agricultural
limestone a widely used lime material by farmers. Growers lime soils to increase
soil pH to a desirable level. Most of the nursery soils in the study area have
relatively low pH. With lime application and with the current weather patterns
(seasonable high temperature and minimal rainfall) the potential for the nursery
soils’ proﬁle to be high in these cations exist; ultimately these soils may be high in
soluble salts that it might contribute to soil salinity.
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Thus, the primary objective of the study was to determine the concentration of
the cations calcium (Ca++), magnesium (Mg++), sodium (Na+) and potassium
(K+) in nursery soils of Middle Tennessee, and also the anion sulfate (SO4--) and
chloride (Cl-). Several approaches are used to characterize soil salinity. Electrical
conductivity (EC) is one of such methods. It is a quick and inexpensive method of
determining soluble salts; it is based on the concept that electrical current carried
by a soil solution under standard conditions increases as the salt concentration of
the solution increases. Electromagnetic induction (EMI) sensors also measures
soil salinity levels in situ. Laboratory methods involving the extraction of the salts
from the soil solution and then determining the predominant ions (cations and
anions) are also being used. This was the method of choice for this study. The
soils for this study were collected from four (4) commercial nursery ﬁelds; the
sites were geo-referenced with a GPS unit in order to allow for a repeat visit to
the sites if need be. The different soil types were used to ensure variety of soil
physical-chemical properties. The soils were identiﬁed in the study as: Soil I,
Soil II, Soil III and Soil IV. Soil samples were collected from 0 to 15-cm and
15 to 30-cm depths. They were sieved through a 2-mm sieve and sub-samples
from all the soil types were used in the determination of soil pH, soil moisture,
particle size distribution (texture) and total organic carbon (TOC). Soil pH was
measured in a 1:2 soil/water ratio. Soil particle size distribution (texture) was
determined with the pipette method. Total organic carbon was determined with a
total organic carbon (TOC) analyzer. The remaining soil samples were extracted
for the cations and anions of interest (sodium, calcium, magnesium, potassium,
sulfate and chloride). Extraction was performed using a shake ﬂask protocol.
Mehlich-3 extraction procedure (2) was used to extract the cations in triplicates
while the anions were extracted with de-ionized water. The concentration of
the cation in soil solution was determined with an Inductively Coupled Plasma
Emission Spectrometer (ICPES) and the anions were determined with an Ion
Chromatograph (IC).
Results and Discussion: The pH values for all the four nursery sites were
relatively low; they range from 4.83 in site II to 6.0 in nursery site I (Table 2).
Soil samples analyzed for the predominant solutes responsible for soil salinity
also show that all the four nursery sites were low in the cations and anions of
interest. The analyzed chloride concentration (n=3) for site I, II, III and IV were
28.3, 52.1, 50.8 and 37.6 mg/L. respectively. The values were almost the same in
the 0 to 15-cm and 15 to 30-cm depths. The sulfate concentration (n=3) in sites
I, II, III and IV were 32.5, 15.2, 16.5 and 69.6 mg/L respectively. Again, these
values were basically the same for both depth increments. The concentrations of
the cations in the soil solution of all the four nursery sites are shown in Table 1.
Calcium concentration (> 1400 mg/L) in site I was signiﬁcantly different (P>0.05)
from all the other sites. It demonstrates why the pH tends to be high at this site;
calcium is a major cation in agricultural limestone, a widely used lime material
by growers. Our assumption is that the site may have been limed within the
past one-year of the study. This was later corroborated by the grower that owns
the site. The grower applied lime in the spring of 2005 and we sampled the site
for our study in the fall of 2005. All in all, the four sites sampled were low in the
predominate solutes responsible for soil salinity; thus ﬁeld soil salinity did not
seem to be a problem for middle Tennessee nursery crop growers.
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Table 1. Cation Concentration Levels in Sampled Nursery Soils-(Mg/L).
Nursery
Sites
I
I
I
I
II
II
II
II
III
III
III
III
IV
IV
IV
IV

Cations in
Soil solution
Calcium
Magnesium
Sodium
Potassium
Calcium
Magnesium
Sodium
Potassium
Calcium
Magnesium
Sodium
Potassium
Calcium
Magnesium
Sodium
Potassium

0-15 cm depth
Concentration
1483.9
191.20
10.08
159.61
164.03
121.2
9.69
109.26
355.39
50.36
8.56
112.89
645.11
62.22
12.47
153.28

15-30 cm depth
Concentration
1442.4
186.81
8.79
158.66
158.43
111.7
9.19
107.04
302.09
49.22
7.89
108.71
588.90
54.29
8.67
156.61

Table 2. Selected Soil Properties of the Four Nursery Sites- (n=3).
Nursery
sites
I
II
III
IV
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Soil
pH
6.0
4.83
5.27
5.64

Soil organic carbon
(%)
1.1
0.81
0.98
0.92

Textural
class
Silt loam
Loam
Sandy loam
Silt loam
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Field Comparison of Containerized
and Bareroot Tree Liners
Hannah M. Mathers, Luke T. Case, Alejandra Acuña and Michele Bigger
The Ohio State University, Columbus, Ohio, 43210-1096
mathers.7@osu.edu
Index Words: Nursery, bareroot liners, container production, accelerated growth
Signiﬁcance to Industry: Retractable roof greenhouses (RRG’s) have
been found to increase growth, reduce disease incidence, extend growing
seasons and produce superior containerized tree liners (3, 4). The RRG grown
containerized liners offer a feasible alternative to ﬁeld bareroot liner production
based on price, availability and niche markets such as coarse-rooted, difﬁcultto-transplant and native taxa. Additionally, data indicates RRG grown tree liners
have decreased mortality rates after planting into the ﬁeld (2) and accelerate tree
ﬁeld production in Midwestern states, when planted in October out of 3 gallon
containers versus bareroot liners produced in the Paciﬁc Northwest (PNW) or
liners grown in a combination heated greenhouse-outdoor (CHGO) production
environment. The RRG grown liners offer an initial advantage after planting into
the ﬁeld in increased caliper and height growth (2) that follows through production
and becomes more signiﬁcant after two and three years.
Nature of Work: At Ohio State University (OSU) Waterman Farm, Columbus,
OH four species of tree liners were out-planted from three environments. Tree
were irrigated and fertilized as per Mathers et al. (2). The three environments
where liners had been produced were a peaked RRG (Cravo Equipment, Ltd.,
Brantford, ON, Canada) in 11.4 L classic Spinout® treated containers (Nursery
Supplies, Inc., Fairless Hills, PA), a combination heated greenhouse-outdoor
(CHGO) production environment also in 11.4 L containers at OSU, Columbus,
OH and bareroot liners from Paciﬁc Northwest (PNW) nursery ﬁelds, Canby,
OR. The OSU liners had been produced according to the methods described by
Stoven et al. (4). The OSU liners were planted in the ﬁeld in October 5, 2003 and
bareroot liners were planted (when traditionally available for planting in Ohio)
April 26, 2004. All plants were trained to 2 m tall bamboo stakes (A.M. Leonard,
Inc., Piqua, OH) installed at planting. In 2005, the bamboo stakes were replaced
with T-mato stakes. The four species evaluated are, Acer xfreemanii ‘Jeffersred’
(Autumn Blaze™ red maple), Malus ‘Prairiﬁre’ (Prairiﬁre crabapple), Cercis
canadensis (Eastern redbud) and Quercus rubra (red oak). Growth measures
of height and caliper (taken at 15.24 cm) were recorded at planting and June
and September 2004, 2005 and June 2006, for a total of ﬁve measures to date.
Measures will continue to be collected until June 2007. Average initial heights
and calipers for redbud, maple, crabs and oaks out-planted from the RRG were
as cited in Mathers et al. (2). The redbud, maple, crabapple and oak PNW liners
had (less height, greater caliper), (greater height, greater caliper), (less height,
less caliper) and (greater height, greater caliper) at planting versus the RRG
or CHGO production environment, respectively. In early November 2003, all
the RRG and combination environment trees were pruned according to normal
nursery practices. No pruning was done to bareroot liners at time of planting.
Perennial ryegrass was seeded in the fall of 2003 between the rows and mowed
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as required. Row spacing between-rows is 12 ft and in-row 6ft. Height, caliper
and change (∆) in height and caliper from June to June 2006 data were subjected
to ANOVA using the GLM procedure within SAS® (SAS Institute, Inc., Cary, NC,
2000). Fisher’s least signiﬁcance difference test were used to compare means
a P < 0.05 was used (SAS© Institute Inc.). The Type II Sum of Squares analyses
was performed and graphs were produced in Excel from the analyses. All factors
were considered ﬁxed effects; therefore all terms were tested for signiﬁcance
against the error mean square.
Results and Discussion: The only tree mortality occurred in the oaks with ﬁve
of 12 bareroot liners having died by September 2004 (42%). One of 12 oaks
died out of the CHGO production environment (8%) and there were no deaths
with RRG liners (0%). Four trees snapped shortly after replacing the bamboo
with the T-mato stakes and a severe summer storm went through Columbus,
OH. Caliper differences were signiﬁcant comparing June to September 2005
for the main effects of environment and species at P>0.0001. The RRG (Cravo)
grown liners produced signiﬁcantly greater caliper increases in the ﬁeld from
June to September 2005 versus the PNW bareroot liners, producing an average
increase, across species of 7.5 mm (0.3 in) (Fig. 1). The caliper differences of
the RRG liners were also signiﬁcantly different than the liners obtained from the
CHGO environment (Fig. 1). The RRG grown liners produced signiﬁcantly greater
caliper increases in the ﬁeld from September 2005 to June 2006 versus the
PNW liners or liners obtained from the CHGO environment (Fig. 2), producing
an average increase, across species of 8 mm (0.31 in). The caliper differences
of the CHGO liners were not signiﬁcantly different than the PNW liners (Fig. 2),
for the ﬁrst time in the three years of evaluation. The species accounting for
the caliper differences due to environment from June to September 2005 were
maple and oak (Fig. 3). These differences were even more signiﬁcantly when
considering the initial calipers of these species were signiﬁcantly less than the
PNW or the CHGO liners. The environments X species interaction effects for
caliper measures for September 2005 to June 2006 were not signiﬁcant. The
main effects of species and environment were signiﬁcant for June to September
2005 heights (P>0.001) (data not shown) and for environment X species
interaction was also signiﬁcant (Fig. 4). With the exception of maples and
crabapples, the RRG grown liners, had the largest heights in September 2005
versus the PNW bareroot liners; however, this differences were not signiﬁcantly
different than the liners obtained from the CHGO environment, again with the
exception of oak (Fig.4). The PNW oak liners had less caliper and height growth
by June 2006 and September 2005 (Fig. 3 and 4, respectively), only 58% survival
and were initial larger in both measures.
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Figure 1. Field caliper measures from September 2005 pooled over species
for liners produced from three production environments. The abbreviations
RRG, CHGO and PNW signify retractable roof greenhouse, combination heated
greenhouse-outdoor, and bareroot liners from the Paciﬁc Northwest, respectively.
Different letters signify least signiﬁcant difference (LSD) P = 0.05.

Figure 2. Field caliper measures from June 2006 pooled over species for liners
produced from three production environments. The abbreviations RRG, CHGO
and PNW signify retractable roof greenhouse, combination heated greenhouseoutdoor, and bareroot liners from the Paciﬁc Northwest, respectively. Different
letters signify least signiﬁcant difference (LSD) P = 0.05.
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Figure 3. Field caliper measures from September 2005 for four species of liners
produced from three production environments. The abbreviations RRG and
CHGO signify retractable roof greenhouse and combination heated greenhouseoutdoor, respectively. Different letters signify least signiﬁcant difference within
species (LSD) P = 0.05.

Figure 4. Field height measures in September 2005 for four species of liners
produced from three production environments. The abbreviations RRG and
CHGO signify retractable roof greenhouse and combination heated greenhouseoutdoor, respectively. Different letters signify least signiﬁcant difference (LSD)
P = 0.05.
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