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SumMMARY. Bare-root 17.5-inch-tall
(44.45-cm) ‘Sarah’s Favorite’
crapemyrtle (Lagerstroemin indica L.)
liners were grown in #3 [2.75-gal
(10.4-L)] black plastic containers and
trained to one, three, or five trunks by
one of two methods. Half of the
plants were established from multiple
liners with each trained to form one
of the trunks. The others were
established by planting a single liner
in each container, pruning them back
to within 2 inches (5.1 cm) from the
substrate surface, and then training
elongating buds or adventitious
shoots to the desired number of
trunks. Once plants reached a market-
able size they were transplanted to a
landscape for two growing seasons to
determine the effects of the treat-
ments on trunk survival or growth
uniformity in the landscape. The
study was replicated in time with
containerized ‘Basham’s Party Pink’
crapemyrtle liners, but only grown in
the field for 1 year. Growth and
quality differences were minimal at
the end of nursery production for
either clone, thus favoring recommen-
dation of whichever treatment would
be most economical to produce the
desired growth form. However, in the
landscape phase, survival of ‘Sarah’s
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Favorite’ crapemyrtle and growth and
uniformity of ‘Basham’s Party Pink’
crapemyrtle were greater for several
growth measures when multiple
trunks were produced by training
stems of the same plant as opposed to
planting multiple liners. Trunk
survival was generally good for three
or fewer trunks, but significant losses
often occurred when the planting
units had five trunks, especially when
grown from multiple liners. Growth
and survival differences among
treatments were more pronounced
with increasing trunk number and the
longer the planting units were in the
field (landscape).

umerous  species  of
multitrunk plants are
produced each year by the
nursery industry. Important examples
include crapemyrtles (Lagerstroemin
L.), waxmyrtles (Myrica L.), and birch
trees (Betula 1L..) (Arnold, 2002; Dirr,
1998). In the past multitrunk plants
were often produced by pinching back
an established seedling or clone and
then training released lateral buds to
form several competing leaders. Prun-
ing in nurseries is skilled labor inten-
sive and expensive (Davidson et al.,
2000). In response to these economic
pressures, multitrunk plants are usu-
ally produced by planting several indi-
vidual liners of a given taxa within the
same container or adjacent to each
other in planting holes during field
production. These liners may be of
seedling or clonal origin. Current prac-
tices are dictated principally upon eco-
nomic considerations during produc-
tion that mayinclude: the cost of using
multiple liners versus the labor costs
associated with pruning and training
multiple stems from a single liner, the
marginal benefit in reduced rotation
times, or improved plant quality asso-
ciated with either practice (Whitcomb,
1988). Little consideration is given to
the longer term consequences of such
practices in landscape establishment.
Information on this topic is gen-
erally anecdotal, but considerable in-
formation exists in the forestry and
ecology literature to suggest that in-
terplant competition, even within the
same species can result in differential
survival rates (Kozlowski and Pallardy,
1997). Intracanopy competition
among competing leaders as sinks for
carbohydrates, hormones, and nutri-
ents can determine branch survival,
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particularly in response to shading by
competing portions of the same or
adjacent canopies (Ford, 1992;
Kozlowski and Pallardy, 1997). Sur-
vival of multiple liners is typically high
under the low level of environmental
stresses present in the nursery, but may
not be so successful during the stress of
posttransplant establishment or after
longer-term competition among geno-
types with different growth potentials.
The limited research that has been
conducted on this topic dealt with
evergreen shrubs, japanese aucuba
(Awucuba japonica Thunb.), waxleaf
ligustrum (Ligustrum japonicum
Thunb.),sandankwaviburnum ( Vibur-
num suspensum Lindl.), and hetz juni-
per (Juniperus chinensis L. ‘Hetzi’).
Thisresearch has shown improvements
in canopy quality in the nursery in
response to use of multiple liners per
container (Whitcomb, 1988;
Whitcomb et al., 1975). Information
on carry-over effects in the landscape
are even more limited. Three replica-
tions each of waxleaf ligustrum and
sandankwa viburnum and five replica-
tions of hetz juniper were transplanted
to the landscape. Three years later
there were no negative effects from the
multiple liner treatments (Whitcomb,
1988). However, replication in these
studies was low and the species tested
were not grown as tree forms where
the lose ofa multistem character would
be as deleterious to the appearance of
the plants.

Investigation of this topic would
allow nursery producers to determine
whether these alternative production
practices result in similar quality prod-
ucts during container production or in
subsequentlandscape plantings. Ifone
method results in superior trees to the
other, then an opportunity exists to
differentiate a fairly generic product or
identify the processresulting in a higher
quality product. Professional landscap-
ers and consumers would benefit from
the dataasan aide in product selection
for superior landscape performance.

The overall objectives of this study
were to compare container nursery
and landscape establishment responses
of crapemyrtles produced in contain-
ers via pruning and training of a single
plant to amultitrunk habit versus plant-
ing of multiple liners in the same con-
tainer to achieve a multitrunk unit.
The null hypothesis is that there are no
differences in the production meth-
ods.
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Materials and methods

1998 Planting. Uniform 17.5-
inch-tall bare-root liners of ‘Sarah’s
Favorite’ (Schaefer Nursery, Winches-
ter, Tenn.), a tree-form white flower-
ing crapemyrtle, were planted on 1
Apr. 1998, into 60 #3 containers (Lerio
Corp., El Campo, Texas) filled with a
5 milled pine bark : 1 builders sand (by
volume) substrate. The substrate was
amended with 16N-3.1P-10.0K con-
trolled release fertilizer (Southern Spe-
cial; Scotts Corp., Marysville, Ohio) at
the rate of 2 Ib/yard® (1.2 kg-m™)
nitrogen, 1.5 Ib/yard?® (0.89 kg-m™)
of micromax micronutrients (Scotts
Corp.), 6 Ib/yard?® (3.6 kgm=) of do-
lomitic lime (Vulcan Materials Co.,
Tarrant, Ala.), and 3 lb/yard® (1.8
kg-m=) of gypsum (Standard Gypsum
Corp., Fredericksburg, Texas). Ten
containers were planted with one liner
cach that was trained to a single leader.
Ten of the containers were planted
with three liners and another ten con-
tainers with five liners each. Each liner
was pruned to a single leader. The
remaining 30 containers were planted
with a single plant per container. On 7
July 1998, the liners in these 30 con-
tainers were pruned back to within 2
inches of the substrate surface. Elon-
gating buds or adventitious shoots aris-
ing from below the cut surface were
trained to one, three, or five stems per
plantreplicated with ten containers for
each treatment. Single stem trunks
were trained vertically using 3 ft (0.9
m) bamboo stakes. Multiple trunks
were trained in an equally spaced radi-
ating pattern from the crown of the
plant with trunks angled at about 20°
angles from vertical.

This created a two shoot origin by
three trunk number factorial with ten
replications per treatment. Plants were
placed in a completely random design
inan outdoor graveled container nurs-
ery in College Station, Texas, and
grown until the majority of the plants
reached a marketable size as defined by
the ANLA standards (Amer. Nursery
and Landscape Association, 1996).
Daily fertigation to runoff was accom-
plished using a N rate of 50 ppm (50
mg-L7) from a 24-8-16 Peters water
soluble fertilizer (24N-3.5P-13K,
Scotts Corp.), with sulfuric acid (93.2%
H,SO,, Harcros Chemicals Inc., Kan-
sas City, Mo.) injected into the irriga-
tion stream to achieve a target pH of
6.5. An application of 50 ppm che-

lated iron (Sprint 138, CIBA-Geigy
Corp., Greensboro, N.C.) was applied
as a substrate drench on 31 July 1998.

Shoot length, trunk diameter at 6
inches (15.2 ¢cm) above the substrate
surface, and survival were assessed at
the conclusion of production on 8
Oct. 1998. Trunk cross-sectional area
was assessed on a container basis by
summing the calculated cross-sectional
areas for the individual stems. Unifor-
mity of multiple trunks within a con-
tainer was quantified by subtracting
minimum from maximum shootlength
and minimum from maximum trunk
diameter to obtain the differential shoot
lengths and differential trunk diam-
eters for each container. The smaller
the differential measurements the more
uniform the trunks. Survival of indi-
vidual trunks, or portions thereof if
dieback was suspected, were deter-
mined by the presence of green leaves.
If leaves were not present, live stem
length was determined by visual detec-
tion of live cambial tissues when stems
were lightly scratched.

Plantswere transplanted on 8 Oct.
1998, to a field site to assess landscape
impacts of the production treatments.
The soils on the site were Boonville
Series, Boonville fine sandy loam, fine,
montmorillic, thermic ruptic-vertic
albaqualfs (pH 8.7, bulk density 1.51
g-cm3, 61% sand, 11% clay, 28% silt).
Irrigation via 1 gal/h (3.8 L-h™!) drip
emitters was provided daily during the
first week of establishment, then on
alternate days for the next 3 weeks, and
afterwards weekly during the growing
season or more frequently as needed to
avoid wilting during summer droughts.
The 3-ft stakes present in the nursery
were replaced with 6-ft (1.8-m) bam-
boo stakes. Individual trunks were
trained to the stakes and suckers were
removed at bimonthly intervals
throughout the growing season. The
same growth measures as described for
the nursery phase were recorded in the
field on 9 Nov. 1999, and 20 Oct.
2000.

1999 Planting. The 1999 study
was designed to repeat the 1998 study
with expanded replication to fifteen
plants per treatment. The protocol for
the study was the same with the fol-
lowing exceptions. ‘Basham’s Party
Pink’ crapemyrtle liners were trans-
planted on 13 Apr. 1999, to the six
treatment combinations in #3 con-
tainers filled with a 6 pine bark : 2 peat
moss : 1 vermiculite : 1 hadite clay (by
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Fig. 1. Interactions for mean shoot length (A) and maximum shoot length per
planted unit (B) among container-grown crapemyrtles trained to a multiple
stem growth form by planting multiple liners per container or pruning to
multiple stems on a single liner over time after transplanting to the landscape,
1998 planting. Individual values represent the mean (+ standard errors) of 30
observations. First-order polynomial equations represented in the figures were

significant at P < 0.05, 1 cm = 0.39 inch.

volume) commercial substrate (Horti-
cultural Products, Hope, Ark.) con-
taining amendments as previously de-
scribe. Plants were transplanted to the
field on 3 Aug. 1999, and field mea-
surements were collected on 16 Nov.
1999, and 20 Oct. 2000.

Data were analyzed separately for
the plants transplanted in the 1998
and 1999 experiments. An analysis of
variance was performed using the gen-
eral linear models procedures in SAS
(SAS Institute Inc., 1992) to deter-
mine the significance of interactions
and main effects in each experiment.
Significant (P < 0.05) higher order
interactions, and significant lower or-

122

der interactions and main effects not
involved in significant higher order
interactions, were further analyzed
using stepwise regression techniques.

Results and discussion

1998 PLANTING. Three way in-
teractions among the origin of mul-
tiple trunks, the number ofinitial trunks
planted, and time in the field were not
statistically significant (P < 0.05) for
any of the measured or calculated
growth parameters (data not pre-
sented). Significant interactions did
occur among the origin of multiple
trunks and time in the field (Fig. 1)
and the number of initial trunks and

time in the field (Fig. 2). Difterences in
plant growth due to the origin of
multiple trunks were minimal at the
end of nursery production on 8 Oct.
1998, compared to the effects of the
number of trunks per planted unit
(Fig. 2). Mean (Fig. 1A) and maxi-
mum (Fig. 1B)shootlength per planted
unit was slightly greater for trunks
derived from trained stems than those
from multiple liners at planting to the
field, whereas the reverse situation
occurred at the end two subsequent
seasons. However, from a commercial
perspective these differences were likely
inconsequential. Mean shoot length
declined slightly with increasing trunk
numbers per container across time,
with the decline being more pro-
nounced for the minimal shoot length
per container (Fig. 3A).

Significant interactions where
present between the number of initial
trunks and the growth rates across
origin of the multiple trunks over time
(Fig. 2). Multiple trunks resulted in
reduced diameter of the largest trunk
per planted unit over time (Fig. 2A),
and reductions in the size of the mini-
mum trunk per planted unit was much
more pronounced (Fig. 2B). These
differences in growth rates were
strongly reflected in the differential
trunk diameter over time, where in-
creasing the number of trunks per
planted unit dramatically increased the
variation between the largest and small-
est trunk (Fig. 2C). While uniformity
of trunk growth within a planted unit
decreased over time with increasing
number of trunks present on the
planted unit, the total cross-sectional
area of all trunks within the planted
unitincreased relatively uniformly from
one to five initial trunks (Fig. 2D).
This may represent a similar situation
to coppicing in hardwood timber pro-
duction. Coppicing species with a rapid
growth and propensity for root or
crown suckering are selected to in-
crease the total biomass harvested at
the expense of individual trunk diam-
cter. Even with this objective, foresters
regularly thin the number of trunks
with intermediate harvests for other
purposes from four, to two, to one
trunk over time to enhance survival
and uniformity of the final timber har-
vest (Zobel et al., 1987).

Probably the mostsignificant find-
ing from the 1998 planting was the
interaction among the number of ini-
tial trunks and their origin on survival
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of the individual trunks (Fig. 3C).
Across time in the field, survival of
single trunk plants regardless of origin
was high and similar, but as the num-
ber of initial trunks per planted unit
increased the rate of expected survival
ofthe individual trunks decreased more
dramatically for those derived from
multiple liners than those from trained
stems (Fig. 3C). With three planted
trunks, on average 2.9 trunks survived
if they were trained from a single liner,
while only 2.5 survived if they were
from multiple liners. Practically, this
translates to on average one out of ten
three-trunk planting units missing a
trunk if trained from a single liner
compared to every other planting unit
missing a trunk if derived from mul-
tiple liners. This could represent a de-
crease in the aesthetic value of the
three trunk specimen. Survival differ-

ences between trunks from trained
stems or multiple liners was even more
pronounced with five trunk units (Fig.
3C). In this case survival of trunks
from trained stems was 97% while that
from multiple liners was only 69%.
Although differences in survival of
trunks at the end of production was
nonsignificant (data not presented),
field or landscape survival of ‘Sarah’s
Favorite’ crapemyrtle was significantly
impacted by this production practice
(Fig. 3C).

1999 PLANTING. Three way in-
teractions among the origin of mul-
tiple trunks, the number of initial trunks
planted, and time in the field were not
statistically significant (P < 0.05) for
any of the measured or calculated
growth parameters (data not pre-
sented). Differences at the end of con-
tainer production on 3 Aug. 1999,

due to the origin of multiple trunks
(Fig. 4) were minimal in comparison
to the effects of increasing the number
of trunks (Fig. 5). At the end of pro-
duction (3 Aug. 1999), the minimum
trunk diameter and trunk cross-sec-
tional area of multiple trunk planting
units produced using liners were
slightly greater than that of those pro-
duced from cut stems (Fig. 4). How-
ever after the second growing season
in the field, minimum trunk diameters
and trunk cross-sectional areas were
11%and 22% greater, respectively, with
the trunks from cut stems than from
multiple liners. As was seen in the
1998 plantings, the minimum trunk
diameters for planting units with mul-
tiple trunks were smaller over time
than with single trunks or fewer trunks
(Fig. 5A), although the total cross-
sectional area per planted unitincreased
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Fig. 2. Interactions for maximum trunk diameter (A), minimum trunk diameter (B), differential trunk diameter (C),
and trunk cross-sectional area (D) per planted unit among container-grown crapemyrtles trained to one, three, or five
initial trunks per container over time after transplanting to the landscape, 1998 planting. Individual values represent the
mean (+ standard errors) of 20 observations. First and second order polynomial regression equations represented in the
figures were significant at P < 0.05, unless indicated as ns = nonsignificant, 1 mm = 0.04 inch, 1 cm? = 0.16 inch?.
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Fig. 3. Main effects after transplanting to the landscape, 1998 planting, of initial
trunk number on mean shoot length (A) and minimum shoot length (A) per
planted unit and interactions for differential shoot length (B) and the number of
surviving trunks per planted unit (C) among container-grown crapemyrtles
trained to a multiple stem growth form by planting multiple liners per container
or pruning multiple stems on a single liner. Individual values represent the mean
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interactions in B and C. First and second order polynomial regression equations
represented in the figures were significant at P < 0.05, 1 cm = 0.39 inch.
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withincreasing number of initial trunks
(Fig. 5B). This was consistent with the
resultsseenin the 1998 planting. Across
trunk origin, the survival rate of mul-
tiple trunks decreased over time (Fig.
5C). Survival during the first two grow-
ing seasons was mildly impacted with
three initial trunks, but was rather
poor when the number ofinitial trunks
increased to five (Fig. 5C).

Mean and minimum shootlength
declined consistently with increasing
trunk number (Fig. 6A), while maxi-
mum shoot length per planted unit
was affected slightly in ‘Basham’s Party
Pink’ crapemyrtle. Across trunk origin
and time in the field, the differentials
in trunk diameter increased with in-
creasing numbers of initial trunks (Fig.
6B). Similarly, differentials in shoot
growth increased with increasing num-
bers of trunks (Fig. 7A). Uniformity of
shootlength among trunks was greater
for trunks originating from trained
stems than multiple liners (Fig. 7A).
Trunk cross-sectional area was greater
for trunks from trained stems com-
pared to those from multiple liners,
particularly at higher densities of trunks
(Fig. 7B). In general, the effects of
multiple liners compared to trained
stems were not as pronounced with
the 1999 plantings as with the 1998
plantings. This could be a differential
cultivar response, or perhaps more likely
the differences had not yet been fully
expressed in the 1999 plantings con-
sidering that the responses related to
trunk origin were more strongly ex-
pressed in the second growing season
for the 1998 plantings than in the first
season.

Few meaningful differences in
growth or quality were found at the
end of nursery production for either
clone, thus favoring recommendation
ofwhichever treatment would be most
economical to produce the desired
growth form. However, results from
the landscape phase would suggest
that the consumer or professional land-
scaper may not come to the same
conclusion. Survival of ‘Sarah’s Favor-
ite’ crapemyrtle and growth and uni-
formity of ‘Basham’s Party Pink’
crapemyrtle were greater for several
growth measures when multiple trunks
were produced by training stems of the
same plant as opposed to planting
multiple liners. Trunk survival was gen-
erally good for three or fewer trunks in
most instances, but significant losses
often occurred when the planting units
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Fig. 4. Interactions for minimum trunk diameter (A) and
trunk cross-sectional area (B) per planted unit among
container-grown crapemyrtles trained to a multiple stem
growth form by planting multiple liners per container or
pruning multiple stems on a single liner over time after
transplanting to the landscape, 1999 planting. Individual
values represent the mean (+ standard errors) of 45
observations. Second order polynomial regression equa-
tions represented in the figures were significant at P <
0.05, 1 mm = 0.04 inch, 1 cm? = 0.16 inch?.

had five trunks, especially when grown from multiple liners.
This would suggest an optimum of three trunks per con-
tainer for the clones tested in this study. This number of
trunks is consistent with observations of foresters on euca-
lyptus (Eucalyptus Brut.) and other species used in coppice
systems where four trunks are usually trained per stump.
Growth and survival differences among treatments were
more pronounced with increasing trunk number and the
longer the planting units were in the field (landscape). This
was in contrast to earlier reports by Whitcomb et al. (1975,
1988) indicating no adverse or even positive effects of
multiple liners on the landscape performance of some
evergreen shrubs. Studies are needed to determine the long
term landscape impacts of these treatments under varied
maintenance regimes and whether or not the results can be
extrapolated to other species grown as multiple trunk trees.
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Fig. 5. Interactions for minimum trunk diameter (A),
cross-sectional trunk area (B), and surviving trunks (C)
per planted unit among container-grown crapemyrtles
trained to one, three, or five initial trunks per container
over time after transplanting to the landscape, 1999
planting. Individual values represent the mean (+ standard
errors) of 30 observations. First and second order polyno-
mial regression equations represented in the figures were
significant at P < 0.05, unless indicated as ns = nonsignifi-
cant, 1 mm = 0.04 inch, 1 cm? = 0.16 inch?.
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Fig. 7. Interactions for differential shoot length (A) and cross-sectional
trunk diameter (B) per planted unit among container-grown
crapemyrtles trained to a multiple stem growth form by planting
multiple liners per container, or pruning multiple stems on a single
liner, after transplanting to the landscape, 1999 planting. Individual
values represent the mean (+ standard errors) of 45 observations. Second
order polynomial regression equations represented in the figures were
significant at P < 0.05, 1 cm = 0.39 inch, 1 cm? = 0.16 inch?.
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