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Evaluation of Glyphosate and Bottom Heat on Nursery Tree Hardiness
Kyle M. Daniel, Hannah M. Mathers, and Luke T. Case
The Ohio State University, Department of Horticulture and Crop Science
Columbus, OH 43210
daniel.161@osu.edu
Index words: Glyphosate, Magnolia virginiana, Cornus kousa, root dormancy, shoot
growth, electrical conductivity
Significance to Industry: The economic cost to the U.S. nursery industry of bark
cracking is conservatively estimated at $6.6M annually (or 2.5% of finished inventory)
according to recent calculations. This estimate does not include the additional estimate
of $14M in landscape tree failures due to bark cracking. The nursery cost estimates
continue a pattern of strong and steady increased severity and frequency of bark
cracking throughout the US nursery/landscape industry since 2004. Concurrently,
(2001-05) consumer preference for faster working glyphosate products was driving the
production and use of various surfactants to break down the cuticle of plants to increase
the rate and amount of glyphosate uptake. However, in 2005 researchers at Ohio State
University (OSU) speculated that bark cracking was not solely related to cold injury as
was widely and previously accepted (Mathers, 2006) but that the absorption of
glyphosate into thin or pigmented-bark was also a factor due to the reduction of cold
hardiness. Exposure of an ornamental plant to glyphosate through green bark is
considered a sub-lethal dose (Kuhns, 1992).
There were two objectives to this study: 1) determine if glyphosate, tillage and
sod cover can affect the cold hardiness of field grown trees; and, 2) evaluate the
influence of bottom heat and glyphosate and non-glyphosate treatments on root growth
in Magnolia virginiana and Cornus kousa. Previous research supports that hardiness
should be reduced by sub-lethal dosing with glyphosate (Stasiak et al, 1991); however,
this is the first conclusive study indicating glyphosate reduces root hardiness in Cornus
kousa but not in Magnolia virginiana. This is also the first report of Magnolia virginiana
roots expressing no root dormancy and producing significant biomass during the period
of shoot dormancy. In contrast, Cornus kousa roots exhibited dormancy and even
deteriorated when placed in elevated root zone temperatures of 17°C. This was
interesting as the effect of glyphosate treatments was most pronounced on Cornus
versus Magnolia, indicating species variability in susceptibility to glyphosate causing
increased cold susceptibility via possible inhibition of root dormancy.
Nature of Work: Sweetbay magnolia (Magnolia virginiana) and kousa dogwood
(Cornus kousa) were planted in the field the week of May 21, 2007 on Waterman Farm
at Ohio State University Columbus, OH. Trees were all one year old bare root plants
with an average height of 42 cm and a caliper of 4.1 cm. The experimental design was
a split plot design (fertilizer=main plot, treatment=sub-plot, species=sub-sub plot) in a
randomized complete block with seven sub samples per species, per treatment, with
five replications. Plants were spaced 2’ x 9’ in and between rows, respectively.
Overhead irrigation was applied immediately following planting.
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Field Treatments: Two fertilizer treatments of ammonium nitrate were applied on
June 13, 2007: 125 pounds per acre and 250 pounds per acre. Additionally, Osmocote
(14-14-14) was applied at a rate of 50 lbs/N/acre on August 1. Four herbicide or weed
suppression treatments were subsequently applied on June 22, July 25, August 29, and
October 2 (2007): Roundup Original Max, Roundup Pro, Kleenup Pro, and tillage. The
herbicides were applied at a 5% solution, or 6.5 ounces/gallon. All herbicide treatments
were applied using a five gallon backpack sprayer with a LFG 80o nozzle.
Freezing Treatments: On December 3, five of the seven sub samples were dug out
of the field. Plants were soaked overnight in water to loosen soil from roots. Roots
were washed on December 4 and 5, 2007 and measured using a volumetric flask and
with displacement to estimate root volume. This technique was repeated after bottom
heat treatments were imposed for 70 days. Trees were placed in quart or pint size
(depending on mass of roots) polyethylene bags and filled with a moistened 50-50
sand/perlite mixture to cover roots and tied with wire ties. Trees were then put inside a
walk-in cooler set at 5oC ambient temperature. Two-sided wooden boxes, measuring 3’
x 10’ were placed in the cooler with heating mats set at 8o, 11o, 14o, and 17oC under
each box. Sawdust was packed around the bags containing trees in the boxes to
facilitate even heating over the root surface.
To assess cold hardiness, 1-3 millimeter segments of stems (new growth) and
primary roots were removed. Two to three segments of each roots and stems were put
into test tubes and put into an ultra low freezer (Forma Scientific, Inc., Marietta, OH).
Segments were frozen at a rate of -6o C per hour at the following temperatures: no
freezing, -6o,-12o,-18o,-24o, and -30oC. Immediately after removing from freezer, 3
milliliters of distilled water was added to each test tube, and shaken overnight at 200
rpm. An initial baseline electrical conductivity (EC) reading was taken at this time for all
temperature treatments. The tubes were then autoclaved at 121o C for 20 minutes to
completely kill all tissue. The tubes were then shaken again overnight at 200 rpm. After
shaking, a final EC reading was obtained for all treatments. The baseline EC was
subtracted from the final EC and recorded as the differential EC for reporting of cold
hardiness. The assumption is that the higher the differential, the greater the cold
hardiness of the tissue (Stergios and Howell, 1973).
Results and Discussion: EC readings decreased with all declining freezing
temperatures with Cornus stems and after -6o C for Magnolia stems (data not shown).
Without exposure to short days and cool temperatures (ie. acclimation), Malus
seedlings were hardy to approximately -7 °C (Magness, 1929). Our findings concur with
Magnolia (non-dormant) but not Cornus (dormant). Magnolia shoots and roots did not
exhibit dormancy in our study and thus were more susceptible to temperature
fluctuations in contrast to our results with Cornus, which were similar to Magness
(1929). These results also concur with the main effect of increasing bottom heat, which
resulted in increased root growth (Fig. 1 and 2) in Magnolia (non-dormant) but not
Cornus (dormant) (Fig. 1 and 3). Bottom heat also significantly increased hardiness for
both species in roots and shoots (Fig. 1) versus the ambient control; however, the affect
of bottom heat was greatest on Cornus shoots. The bottom heat by freezing
temperature interaction for dogwood roots was also significant at α=0.05 (data not
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shown) and indicated shoot and root hardiness increase caused by bottom heat was
primarily due to the tillage treatment at bottom heats of 14o and 17o C. A significant
herbicide by freezing temperature interaction (α=0.05) also occurred with Cornus (Fig.
1) but not Magnolia. The tillage treatment significantly increased hardiness versus the
glyphosate treatments or sod cover (Fig. 1). Mathers and Stushnoff (2005) indicated
that non-acclimated tissue [not exposed < -7o C (Magness, 1929)] cannot be used to
distinguish treatment differences related to cold. The most pronounced treatments
differences in our study were found at -18o C where the glyphosate treatments showed
less hardiness as compared to tillage, but not significantly different from sod cover. It is
known that sod cover reduces hardiness via competition and inhibition of acclimation
(Calkins and Swanson, 1998), and bare soil treatments have less cold injures (bark
cracking/root injuries) versus sod cover. However, glyphosate treatments causing
similar cold hardiness reduction to sod cover indicates a possible similar effect via
acclimation inhibition. This occurs with the herbicide and freezing interaction that is
evident with Cornus (dormant), but not with Magnolia (non-dormant).

Literature Cited:
1. Calkins, J.B. and Swanson, B.T. 1998. Plant cold acclimation, hardiness, and winter
injury in response to bare soil and groundcover-based nursery field management
systems. Jour. Env. Hort. 16 p.82-89.
2. Kuhns, L.J. 1992. Glyphosate applications to the bark of nine tree species. Proc.
Northeast. Weed Sci. Soc. 46:23-26.
3. Magnes, J.R. 1929. Collar rot of apple trees. Washington Agr. Exp. Sta. Bull. 236.
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5. Mathers, H.M. and Stushnoff, C. 2005. Screening Malus seedlings for cold
resistance. HortScience 40:318:322.
6. Stasiak, M.A. Hoffstra, G. Payne, N.J. Prasad, R. and Fletcher, R.A. 1991.
Alterations of growth and shikimic acid levels by sublethal glyphosate applications
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Fig. 1. Effect of freezing on Cornus kousa and Magnolia virginiana exposed to various
amounts of bottom heat temperatures combined over freezing temperatures,
herbicides, and fertility. Letters indicate significance differences between similar
colored bars LSMeans α=0.05. 5o C was the ambient temperature.
Differential=how determined baseline EC (after freezing)-final EC (after freezing
and autoclaving).
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Fig. 2. Herbicide by freezing temperature interaction of Cornus kousa roots subjected
to 5 x 5 herbicide/temperature treatments. Letters indicate significance between
similar colored bars LSMeans α=0.05. . RU Org=Roundup Original, RU
Pro=Roundup Pro, KU Pro=Kleenup Pro, Till=Tillage, and Sod=Sod Cover.
Differential=how determined baseline EC (after freezing)-final EC (after freezing
and autoclaving).
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Figs. 3a, 3b. Cornus kousa and Magnolia virginiana roots from bottom heat
temperatures of 5o C (ambient) and 17o C treatments. At 17o C treatment there
was significant growth for Magnolia and deterioration for Cornus. A=Magnolia at
5o C, B=Cornus at 5o C.
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Trunk Caliper Growth of Nine Tree Species Measured Over
Two Growing Seasons in Central Arkansas
James Robbins
Cooperative Extension Service, University of Arkansas, Little Rock, AR 72204
jrobbins@uaex.edu
Index Words: Freeman maple, ginkgo, willow, Chinese pistache, tuliptree,
baldcypress, sugar maple, callery pear, willow oak
Significance to industry:
For balled and burlapped shade trees, the nursery standard specifies that caliper takes
precedence over tree height. This project focused on a time course of trunk caliper
measurements for nine tree species over two growing seasons in a field nursery. As
expected, the nine species displayed diversity in trunk growth rates and patterns. In all
species, trunk growth was greatest in the second year following transplanting. The
fastest growing species was Liriodendron.
Nature of Work:
Research was conducted at a commercial nursery in central Arkansas. Plants included
in this study were Acer x freemanii Autumn Blaze® (Freeman maple), Ginkgo biloba L.
(ginkgo), Salix alba L.‘Tristis’ (weeping willow), Pistacia chinensis Bunge. (Chinese
pistache), Liriodendron tulipifera L.(tuliptree), Taxodium distichum (L.)Rich.
(baldcypress), Acer saccharum Marshall ‘Commemoration’ (sugar maple), Pyrus
calleryana Decne. ‘Cleveland Select’ (callery pear), and Quercus phellos L. (willow oak).
Trees were received by the nursery in spring 2005 and immediately planted into #3
containers. The container-grown trees were planted by the nursery into the field in
September 2005. Plants were watered as needed by drip irrigation. Tree spacing is 8’
on center with 30 trees per nursery row. Weed control within the tree rows was
accomplished annually using a spring and fall application of pendimethalin (3 lb
a.i./Acre) pre-emergent herbicide and two spot applications during each growing season
with glyphosate.
Trunk measurements were made at 6” using a TallyMaster™ caliper (Remote Control
Systems, Irwin, PA). Initially, eight trees were randomly selected within a nursery row
for measurements.
Results and Discussion:
For balled and burlapped shade trees, the standard (1) specifies that caliper takes
precedence over shoot height.
Most studies focus on a single, temporal
measurement of trunk caliper as impacted by production inputs such as irrigation,
fertilizer, or vegetation (2, 3, 4). A time course of trunk caliper growth would allow field
growers to better understand differences in size and patterns of trunk growth during
production.
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The patterns of trunk growth during the first two seasons, following planting out in the
field nursery, varied between the nine tree species measured (Fig. 1). Since the initial
size of the nine species was not identical, the discussion will focus on relative trends in
growth patterns and percentage changes within each species.
For all nine tree species, the percent increase in trunk growth was greater during the
second growing season (2007) than during the first (2006), (Table 1). Five tree species
(Acer x freemanii, Ginkgo, Quercus, Pyrus, and Acer saccharum) had minimal (<10%)
increases in trunk caliper during the first year following planting. Trunk growth on
Liriodendron increased the most (154%) of any tree species during the first year and
continued to grow at a similar pace during 2007 (154%). In total, three species at least
doubled (>100%) their trunk caliper in year 2. Percentage increases in trunk caliper in
2007 for Quercus, Liriodendron, and Taxodium were 120%, 154%, and 212%,
respectively.
The pattern of trunk growth during 2007 also varied by species. For all species there
was a greater percentage of growth during the March 15 to August 1 period (‘early’)
than from August 1 to November 1 period (‘late’). During the ‘early’ period, Liriodendron
and Taxodium had the largest percentage increases in trunk caliper at 96% and 106%,
respectively. Ginkgo had the smallest increase in trunk caliper during the ‘early’ period
(17%). Five species had little or no growth (<10% increase) during the ‘late’ period.
Taxodium had the largest percent increase in caliper during both the ‘early’ and ‘late’
periods with increases of 106% and 51%, respectively. Although Liriodendron was one
of the smaller (1.1 cm) sized trees at planting, it had the largest (7.1 cm) trunk calipers
after two growing seasons.

Literature cited:
1. American Nursery & Landscape Association. 2004. American Standard for Nursery
Stock, ANSI z60.1
2. Fare, D.C. 2006. Container size and initial trunk diameter effects growth of Acer
rubrum L. during production. J. Environ. Hort. 24:18-22
3. Robbins, J.A. 2007. Effect of nitrogen source on trunk caliper growth of field-grown
Zelkova. Proc. Southern Nurs, Assoc. 52:20-22.
4. Stewart, J.R., R. Kjelgren, P.G. Johnson, M.R. Kuhns. 2005. Growth and water
relations of littleleaf linden trees established in irrigated buffalograss and Kentucky
bluegrass. HortScience. 40:1529-1533.
Acknowledgement: Sincere thanks to Bemis Tree Farm, Little Rock, AR for allowing
this research to be conducted at their nursery.
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Figure 1. Trunk caliper measurements for nine field-grown tree species during 2006
and 2007.

Table 1. Percent increase in trunk caliper for nine field-grown tree species during 2006
and 2007.

2006
Acer x freemanii Autumn Blaze®
Ginkgo biloba
Salix alba ‘Tristis’
Quercus phellos
Taxodium distichum
Pyrus calleryana ‘Cleveland
Select’
Acer saccharum
‘Commemoration’
Pistacia chinensis
Liriodendron tulipifera

8
4
23
0
54
4

Trunk Caliper (%)
2007
3/15/07 –
8/1/07
78
66
21
17
47
45
120
60
212
106
12
30

8/1/07 –
11/1/07
4
7
0
38
51
6

10

26

26

0

39
154

64
154

44
96

14
29
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Growth of One- and Two-Year Old Red Maples under Varying Nitrogen Rates
James. S. Owen, Jr.
North Willamette Res. Ext. Ctr., Oregon State Univ., Aurora, OR 97002-9543
jim.owen@oregonstate.edu
Index Words: caliper, height, root: shoot ratio
Significance to the Industry: Two year old bud grown red maple whips had
equivalent marketable traits (height and caliper) when receiving zero or less than
normal rate of nitrogen (N) the first year. The reduction in the amount of N applied
could reduce costs associated with both the N product and the application. These costs
can be alleviated without affecting salability of a 2-year crop. Additional research needs
to be conducted to determine if these trends hold true in varying types of field
production soils.
Nature of Work: Seedling and liner growth of ornamental trees is a balance of root
establishment and shoot growth. Both are required for a successful transplant,
rootstock, and eventually a salable, high quality ornamental shade tree. Currently, little
research has focused on the effect of nutrition on quantity and time of root generation
for ornamental tree species. Research in agronomic crops and tomatoes has shown
conflicting results of nutrient application on root and shoot growth with outcomes varying
from increase, decrease, or no affect on root growth (2). However, plant scientists still
view plant growth as a “functional equilibrium” or a balance of carbohydrate, water, and
nutrient allocation which determines root and shoot growth (1)..
The Oregon nursery industry has over $1 billion dollar in annual sales. One of
the nursery industry’s primary crops are field-grown ornamental shade trees that are
either bare root, balled and burlapped, or shifted into containers and shipped throughout
the United States. Oregon nurseries follow similar production practices when producing
ornamental shade trees. Shade tree seedlings or transplants are grown for one year for
plant establishment and root generation. At the end of the first year, the shoot is
removed and a single bud at the base of the plant is selected to become the new stem.
Top growth and shoot quality are not a priority the first year; however, seedlings and
transplants still receive approximately 224 kg N ha-1 (200 lb N acre-1). This rate of N
drives tree shoot growth, but may not maximize or could even reduce root growth.
Nitrogen is an essential element that is thought to increase growth in direct
proportion to the rate applied. However, increased shoot growth from high N rates can
result in reduced root growth in relation to total biomass. Warren (Warren, S. pers.
comm.) reported that dogwood (Cornus sp.) root generation was inversely correlated
with applied N. Root generation decreased with increasing N rate regardless of
previous root pruning. High N application rates can also lead to non-point source
agricultural runoff that can decrease ground and fresh-water quality. Decreasing N
application rate may directly reduce N runoff, thus decreasing incidence of these
problems.
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Timing of root generation is species-specific and can occur continuously or in
flushes. Growth can be affected by substrate temperature, water content, nutrient
availability, hormone concentrations, and carbohydrate allocations. These parameters
are difficult to discern; however, the knowledge of root generation timing alone could
minimize production time while maximizing plant growth. Timing may also indicate
optimal time to transplant liners, thus maximizing root generation. An increase in root
volume by new root growth could affect the ability of a plant to absorb nutrients and
water. Knowledge of root generation timing may also indicate when optimal fertilization
should occur.
The two objectives of this project were: (1) to determine the optimal N fertilization
rate resulting in optimal shoot and root growth, therefore balancing tree caliper and root
establishment for a quickly saleable plant and (2) to determine the affect of initial root and
shoot ratio and N rate on second-year shoot growth, height, and caliper of ornamental
shade trees.
Acer rubrum ‘Franksred’ Red Sunset ® tissue culture liners were potted on 27
May, 2006 into 192 five gallon containers with Douglas-fir bark substrate amended with
0.88 kg m-3 (1.5 lb·yd-3) of triple superphosphate, 0.59 kg m-3 (1 lb·yd3) of sulfate of
potash, 0.88 kg m-3 (1.5 lb·yd-3) Micromax and 1.78 kg m-3 (3.0 lb·yd-3) dolomitic lime.
Six rates of N (0, 5, 10, 20, 40, and 60 g N per container) were applied using a 9-month
37% N (37-0-0) polycoated urea (Apex, Lathrop, CA). Eighteen plants were
destructively harvested every four weeks until January 2007. Tops (aerial tissue) were
removed from two plants from each replication (total of 8 containers per treatment).
Plant roots were placed over a screen and washed with a high pressure water stream to
remove substrate. Tops and roots were dried at 65C (150F) for 5 days and weighed.
Shoot caliper and height were measured throughout the study.
At the end of the first year, the remaining plants were pruned back on 19
January, 2007 to single basal bud and allowed to grow for an additional season under
typical conditions and fertilization. Plants were shifted to 56 L (#15) containers in
January 2007 and top-dressed using the medium label rate of 350 g (12 oz.) using 17N2.6P-9.9K (17-6-12) 10-12 month controlled release fertilizer (Apex, Lathrop, CA), .
Trees were cut to a single basal bud on 19 January, 2007 and taped during the initial
spring growth to imitate a ‘grow straight’ which ensures the new bud growth is upright
and straight. Plants were pruned to industry standard for whips throughout the growing
season to maximize caliper and height. All pruned matter was collected, dried and
weighed as described above. On 21 August, 2007 plant height and caliper were
determined. Plants were harvested as described previously to determine top and root
dry weight. This data was used to determine the long term effects of initial N
fertilization. All data were subjected to analysis of variance and means were separated
with Fisher’s Protected Least Significant Difference, P = 0.05 when appropriate.
Results and Discussion: Higher nitrogen rates increased 1st year overall dry mass
production, root size, height and caliper. Root : shoot ratio decreased from 2.0 to 0.2
with increasing N rate, therefore greater amounts of N resulted in greater carbon
allocation to the shoots (stems leaves) rather than the roots (Fig. 1). The greatest
increase in height and caliper from 1st year maples (liners) occurred in the fall beginning
in August and continued through October (data not presented). During a one month
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period from August to September, maple height increased 300% and caliper increased
150%. Though height and caliper change was not as great from September to October,
plant dry mass increased 75% (Fig. 1). Another notable observation is that maples
receiving ≤ 10 g N reallocated resources, changed foliar leaf color and senesced more
rapidly in the fall (October) than red maples receiving 20 to 60 g N. Maples receiving
the higher N rates remained green and actively growing for extended time possibly
affecting cold acclimation or hardiness.
In the fall of 2007, root and shoot dry mass increased with increasing N rate,
although to a much lesser degree than seen in the first year. However, there was no
effect on tree height and caliper by N rate after growing one season under normal
fertilization (Fig. 2). Approximately the same grade tree was grown using 0 g N or little
N the 1st year resulting in reduced N inputs, cost of production, and possibly minimizing
environmental impact.
Acknowledgements: We would like to thank Marta Mielcarek and Jackson Kowalski
and for their assistance. Trees were generously provided by J. Frank Schmidt and Son
Nurseries, Inc. Rich Regan and Sam Doane provided technical consulting. Fertilizer
was donated by Apex Inc.
Literature Cited:
1. Brouwer, R. 1962. Nutritive influence on distribution of dry matter in the plant. Neth.
J. Agric. Sci. 10:399-408.
2. Fritter, A.H. and Hay, R.K.M. 2002. Environmental physiology of plants. Academic
Press, San Diego, CA, USA.
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Figure 1. Shoot and root growth during 2006 of tissue culture Red maple liners potted in
5 gal containers in May and fertilized with 0, 5, 10, 20, 40, and 60 g N using 37-0-0 polycoated urea.
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Figure 2. Height and caliper in August of 2nd year (2007) red maple grown from bud
receiving normal fertilization after 1st year trees were grown in 2006 with 0, 5, 10, 20,
40, and 60 g N. No significant difference in height or caliper; P≤0.05.
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Improving Early Field Growth of Leyland Cypress Liners by Grading and Potting
L. Eric Hinesley and Frank A. Blazich
North Carolina State University, Department of Horticultural Science
Raleigh, NC 27695-7609
frank_blazich@ncsu.edu
Index Words: Christmas Trees, Containerized Plants, Vegetative Propagation,
Grading, Liners, Callitropsis x leylandii, x Cypressocyparis leylandii
Significance to Industry: Grading rooted liners of Leyland cypress to be grown as
Christmas trees, based on the quality of the root ball, can improve growth, and bring the
trees to marketable size in less time. Well developed root systems also reduce leaning
that is often associated with wind, snow, flooding, or ice. Containerizing is unnecessary
for well rooted, robust liners, and would increase costs. Liners with sparse root systems
can benefit from 1 year in containers prior to field planting.
Nature of Work: Leyland cypress [Callitropsis x leylandii (A.B. Jacks. & Dallim.) D.P.
Little; syn. x Cupressocyparis leylandii (A.B. Jacks. & Dallim.) Dallim & A.B. Jacks.], a
sterile hybrid between Monterey cypress [Callitropsis macrocarpa (Hartw.) D.P. Little
(syn. Cupressus macrocarpa Hartw. Ex Gord.)] and Alaska cedar [Callitropsis
nootkatensis D. Don in Lambert; syn. 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 (7, 8) and has steadily
increased in popularity. Within the last decade, it has largely replaced eastern red
cedar (Juniperus viginiana L.) and Virginia pine (Pinus virginiana Mill.) in the choose-ncut Christmas tree business in central and eastern North Carolina.
Stem cuttings of Leyland cypress often produce one or two large roots growing in
one direction away from the base of the cutting. An ideal root system has multiple roots
configured in radial symmetry around the base of the cutting. When plants with poorly
developed, unbalanced root systems are transplanted too quickly into Christmas tree
plantations, it increases the potential for uprooting or leaning when they are subjected to
wind, ice, or snow. Then, costly remedial measures, e.g., staking, are required to bring
trees back to vertical.
Systems for grading bare-root tree seedlings based largely on height and stem
diameter have existed in the forestry industry since the 1950s (11) and the benefits are
well documented (1, 3, 5, 6, 10, 11). In addition, there are detailed guidelines for
containerized plants within the nursery industry (1, 9), but in general, they apply to
plants in containers ≥ 3.8 liters (1 gal.) in volume. Bigger seedlings usually perform
better than small seedlings in the field (1, 3, 5, 6, 10, 11) but not always (2, 12). There
is an upper limit for optimum results which varies with factors including species, planting
method, soil type, climate, post-planting irrigation, and weed control.
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We are unaware of any grading system for rooted liners of Leyland cypress.
Recently, Christmas tree growers have questioned whether rooted liners should be
planted in containers the first year following propagation versus planting directly in the
field. The objective of this research was therefore to compare 2-year growth of Leyland
cypress from two production systems involving grading and containers.
Stem cuttings of Leyland cypress were collected late May 2004, and rooted in
containers outdoors under shade (4). In February 2005, liners were sorted into four
grades [1 = firm root ball, top to bottom; 2 = good root ball, but loose in the upper onethird; 3 = no distinct root ball, but with enough roots to survive when potted and grown in
irrigated containers; and 4 = roots ≤ 2 cm (0.8 in.) in length (liners discarded)]. Liners
from Grades 1 and 2 were transplanted to the field April 2005. Additional liners of
Grades 1, 2, and 3 were grown in 3.8-liter (1-gal.) containers in a nursery during 2005,
and field planted early September 2005. Height and stem diameter were recorded after
1 and 2 years.
Results and Discussion: Containerizing affected stem diameter more than growth.
Growth during the first 2 years was proportional to initial cutting size, indicating the
benefits of grading. After 2 years, the largest plants were Grade 1 liners that went
directly to the field in April 2005 with no intermediate potting.
Literature Cited:
1. American Nursery & Landscape Association. 2004. American Standard for
Nursery Stock. Amer. Nursery Assoc., Washington, D.C. Accessed September
30, 2007.
<http://www.anla.org/applications/Documents/Doc/ANLAStandard2004.pdf>.
2. Gilman, E.F. 1988. Irrigation volume and frequency and tree size affect
establishment rate. J. Arboricult. 24:1-9.
3. Hinesley, L.E. 1985. Effect of seedling size and transplant bed density on
performance of eastern hemlock planting stock. J. Environ. Hort. 3:81-84.
4. Hinesley, L.E., F.A. Blazich, and S.A. Derby. 2006. Rooting Leyland cypress
liners outdoors under shade. J. Environ. Hort. 24:124-128.
5. Mullin, R.E. and L. Bowdery. 1978. Effects of nursery seedbed density and
topdressing fertilization on survival and growth of 3+0 red pine. Can J. For. Res.
8:30-35.
6. Mullin, R.E. and C. Christl. 1982. Morphological grading of white pine nursery
stock. For. Chronicle 58:40-43.
7. Schoenike, R. 1989. Leyland cypress: A tree of beauty. Dept. For., Clemson
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The Influence of DNA Herbicides and Glyphosate on Root and Shoot Hardiness
During Nursery Field Overwintering
Luke Case and Hannah Mathers
The Ohio State University, Columbus, Ohio, 43210
case.49@osu.edu
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Significance to the industry: Herbicides are essential for good weed control in field
nurseries. It is common practice for nursery growers to apply preemergence
applications of herbicides to trees grown in the field. Typically, one application is done in
the spring, and the other application is done in the fall, just prior to overwintering.
Applications of glyphosate are supplemented throughout the growing season. Many of
the preemergence herbicides used are from the dinitroaniline (DNA) herbicide family,
which includes oryzalin, pendimethalin, prodiamine and trifluralin. Many seedlings are
also shipped bareroot in the fall from the West coast and then placed into containers for
further growth in Ohio. The objectives of this study were 1) to determine if the DNA
herbicides and glyphosate can affect the cold hardiness of trees grown in the field, and
2) determine if bottom heat during overwintering has any effect on the cold hardiness in
interaction with the herbicide application. While essential for weed control, it would be
advantageous to the grower to know if these weed control practices need to be
modified, and if bottom heat would be advantageous for root development.
Nature of work: Application of herbicide treatments in field. Japanese tree lilac
(Syringa reticulata ‘Ivory silk’), red maple (Acer rubrum), and crabapple (Malus
domestica) were planted into the field at the Waterman Farm of The Ohio State
University on May 31, 2007 in a split plot design (main = treatment, subplot = species)
with seven subsamples per species per treatment and five replications. Plants were all
1-year old liners spaced 1.5 feet apart, and were immediately watered after
transplanting. Preemergence herbicide treatments were applied on June 27, 2007 and
October 5, 2007. Treatments consisted of: trifluralin alone at 2 lb ai/ac, prodiamine
alone at 2 lb ai/ac, oryzalin alone at 2 lb ai/ac, trifluralin with supplemental glyphosate
(Kleenup Pro) at 3 oz/gallon solution, prodiamine with supplemental glyphosate at 3
oz/gallon solution, and clean cultivation. Glyphosate was applied on July 24,
September 12, and October 1, 2007 to the supplemental glyphosate treatments. Clean
cultivation was performed approximately every three weeks for the clean cultivation
treatment.
Subjection to cold treatments. Five subsamples of each species per treatment were
dug from the field on December 3, 2007. The plants were soaked overnight in water to
loosen the dirt from the roots. After soaking, the roots were washed. After washing, the
root volumes were determined by water displacement in volumetric flasks. The plants
were then put into plastic bags with enough moistened mix (1:1 sand:perlite) to cover
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the roots, and the bags were sealed around the tree with wire-ties. The plants were
then put into a walk-in cooler, where the trees were placed into wooden boxes with heat
mats placed on the bottom set at 8-, 11-, 14-, and 17- °C, with the 5th subsample just
setting in the cooler representing ambient temperature (≈ 5 °C). Starting February 25,
2008, plants were taken out of the cooler by temperature treatment and then subjected
to freezing treatments. Before putting into freezing treatments, root volumes were again
determined to find root growth and shigometer (Osmose, Buffalo, New York) readings
were done on the shoots (≈ 1” above soil line) and roots (bottom most part of tap root or
crown area) (2). Cold hardiness was assessed by cutting 1-3 mm segments of shoots
(2007 growth – if possible) and roots (roots nearest to tap root or crown) and putting 2-3
segments each into test tubes which were then put into an ultralow freezer.
Temperatures for the cold treatments were: no freezing, -5, -10, -15, -20, and -25 °C.
Immediately after segments were frozen to the predetermined level, 3 mL distilled water
was added to each test tube, shaken overnight at 200 rpm and then an initial electrical
conductivity (EC) was taken. After the initial EC was determined, tubes were
autoclaved at 121 °C for 20 minutes and then shaken once again overnight at 200 rpm.
A final EC was then taken of each treatment and replicate. The initial EC was
subtracted from the final EC to find electrolyte leakage during freezing (2).
Results and Discussion: EC – Roots. Freezing temperature was significant for the
three species tested, bottom heat temperature was significant for maple, and there was
a two-way interaction of bottom heat × freezing temperature for maple at the α = 0.05
level (Table 1). Lilac had a p-value of 0.06 for the interaction of bottom heat × freezing
temperature. EC of crabapple roots became significantly different at -15 °C, and for
maple and lilac, the EC became significantly different at -10 °C from the no freezing
treatment (Table 2).
EC – Shoots. Freezing temperature and bottom heat temperature were significant for
maple and lilac for shoots, and there was a two-way interaction of bottom heat ×
freezing temperature for maple at the α = 0.05 level (Table 3). There were no
significant differences in EC values for crabapple across any of the factors. Both maple
and lilac shoots became significantly different at -15 °C from the no freezing treatment
(Table 4).
Shigometer readings. There were no differences between treatments for any of the
parameters tested for shoots and roots (data not shown).
Root volumes. There were no differences in root volumes for maple; however,
crabapple and lilac showed root growth differences across the bottom heat treatments
(Table 5). Both crabapple and lilac showed the best root growth with a bottom heat of
14 °C. Crabapple also showed some root growth at 11- and 17- °C, but the lilac
showed no root growth at the other temperatures.
It is well known that roots are less hardy than shoots, which this trial confirms.
There were no effects of herbicide treatments, either as a main effect or as an
interaction in this study, which leads to a conclusion of that there is no effect of the
tested herbicides on the cold hardiness of crabapple, lilac, or maple. It has been found
that at least some species do add root growth during overwintering (1, 2). However,
very cold spells are common in the Northern U.S., and seeing how cold-air

Field Production Section

97

SNA Research Conference Vol. 53 2008
temperatures with bottom heat would interact would be beneficial for growers, especially
in case of power outages. However, there was only one interaction, bottom heat × cold
hardiness for the maple for both roots and shoots (Table 1). In terms of root hardiness,
maple roots grown in a bottom heat set at 11 °C were less hardy than the roots grown at
the other temperatures (data not shown). In terms of shoot hardiness, the maples
grown without bottom heat (≈5 °C) and those with bottom heat at 17 °C were more cold
hardy than those grown in the other temperatures, especially those that had bottom
heat of 11 °C (data not shown). Finding optimal bottom heat temperatures for tree
species may help to increase growth during the growing season, and should be further
studied.
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Table 1. P-values of main effects and 2 way
interactions on shoot cold hardiness of (Syringa
reticulata ‘Ivory silk’), red maple (Acer rubrum), and
crabapple (Malus domestica).
Source
Crabapple Maple
Lilac
Herbicide treatment
0.1899
0.1117 0.1883
Bottom Temp
0.4922
0.0018 0.1117
Herbicide * Bottom
0.3269
0.5971 0.0134
Freezing Temp
0.0001
0.0001 0.0001
Herbicide *
Freezing
0.1172
0.897 0.4641
Bottom * Freezing
0.1472
0.0100 0.0615
Table 2. Electrical conductivity values of Japanese tree lilac (Syringa reticulata
‘Ivory silk’), red maple (Acer rubrum), and crabapple (Malus domestica) roots
after six different cold treatments.
Red
Japanese
Freezing temperature
Crabapple
Maple
Lilac
zy
None
0.23
a
0.17 a
0.23 a
-5 °C
0.2 a
0.17 a
0.23 a
-10 °C
0.19 a
0.15 b
0.13 b
-15 °C
0.09 b
0.09 c
0.12 b
-20 °C
0.08 b
0.07 d
0.1 c
-25 C°
0.07 b
0.06 d
0.09 c
z = Electrical conductivities are expressed as millisiemens/cm
y = Values in the same column followed by the same letter are not significantly
different based on lsmeans (α = 0.05)
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Table 3. P-values of main effects and 2 way
interactions on root cold hardiness of three tree
species.
Source
Crabapple Maple
Lilac
Herbicide treatment
0.3909
0.5072 0.3325
Bottom Temp
0.1564
0.0018 0.0106
Herbicide * Bottom
0.5495
0.8514 0.2577
Freezing Temp
0.9003
0.0001 0.0001
Herbicide *
Freezing
0.4414
0.7139 0.2007
Bottom * Freezing
0.3613
0.0100 0.8009
Table 4. Electrical conductivity values of Japanese tree lilac (Syringa reticulata
‘Ivory silk’), red maple (Acer rubrum), and crabapple (Malus domestica) shoots
after six different cold treatments.
Freezing temperature
Crabapple
Maple
Lilac
None
0.13zy a
0.108 a
0.162
-5 °C
0.13 a
0.103 a
0.155
-10 °C
0.1 a
0.103 a
0.151
-15 °C
0.15 a
0.095 b
0.122
-20 °C
0.08 a
0.08 c
0.11
-25 C°
0.18 a
0.074 d
0.101
z = Electrical conductivities are expressed as millisiemens/cm
y = Values in the same column followed by the same letter are not significantly
different based on lsmeans (α = 0.05)

a
a
a
b
c
c

Table 5. Root growth of Japanese tree lilac (Syringa reticulata ‘Ivory silk’) and
crabapple (Malus domestica) when grown at different bottom heat
temperatures
Temperature
Crabapple
Lilac
zy
5 °C
0.43
ab
-4.36 a
8 °C
-0.52 a
-2.62 a
11 °C
1.61 ab
-0.8 ab
14 °C
5.54 c
3.65 b
17 °C
2.6 b
-4.54 a
z = Root growth expressed in differences in volume (mL) by volume
displacement in water
y = Values in the same column followed by the same letter are not significantly
different based on lsmeans (α = 0.05)
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