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TRANSPLANTING SUCCESS OF BALLED-AND-
BURLAPPED VERSUS BARE-ROOT TREES IN THE
URBAN LANDSCAPE
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Abstract. In this study, 40-mm-caliper (1.5-in.) balled-
and-burlapped (B&B) and bare-root (BR) hackberry
(Cdtis occidentalis), American hophornbeam (Ostrya
virginiana), and swamp white oak (Quercus bicolor) were
paired and planted on sites throughout the city of Ithaca,
New York. Half of the trees were planted in fall, half in
spring. BR trees received a hydrogel root dip at the nurs-
ery to prevent post-harvest root desiccation. Survival rates
were excellent for all treatment combinations except
spring-planted BR hophornbeam, which experienced 50%
mortality. Growth measurements were taken in August of
the first and second growing seasons. First-year results
showed many significant differences between treatments.
By the end of the second growing season, however, very
few significant differences in growth responses between
treatments persisted. During the first growing season, fall-
planted BR hackberry grew better than fall-planted B&B
hackberry. Growth on spring-planted hackberry was bet-
ter on B&B trees. Fall-planted hop-hornbeam responded
equally well B&B and BR, but spring-planted
hophornbeam grew better B&B. Swamp white oak grew
somewhat better B&B than BR, regardless of season. Both
B&B and BR swamp white oak planted in fall grew some-
what better than their spring-planted counterparts. A
separate study on swamp white oak looked at the impact
of withholding irrigation on spring-planted, paired B&B
and BR trees. B&B and BR swamp white oak trees per-
formed equally well after two growing seasons character-
ized by drought.
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Bare-root (BR) transplanting historically has been
considered by many in the landscape industry in-
cluding arborists, to be higher risk than B&B trans-
planting (Kozlowski and Davies 1975; Cool 1976;
Pirone et al. 1988). Post-planting stress caused by
desiccation of roots during post-harvest handling is
thought to be the major cause of poor establishment
for BR trees.

Few studies have been done to compare the im-
pact of B&B and BR production methods on trans-
planting success in the urban environment. Heisler
et al. (1982) planted B&B and BR red maple (Acer
rubrum 'October Glory') and green ash (Fraxinus
pennsylvanica 'Marshall Seedless') in parking-lot tree
pits. After two growing seasons, the authors found
that both BR red maples and green ashes generally
grew better than their B&B counterparts.

The transplanting performance of trees dug and
moved by tree spade is comparable to the transplant-
ing performance of B&B trees (Gilman 1997). Thus,
two urban studies comparing BR and tree spade
transplanting are considered here. Cool (1976)
found that over a ten-year period the average mortal-
ity for BR trees was 41% but less than 5% for tree
spade trees. He determined that 2.5 surviving tree
spade trees could be planted for the same expense as
one surviving BR tree. Vanstone and Ronald (1981)
compared BR and tree spade-harvested green ash
(Fraxinus pennsylvanica 'Patmore'), black ash (F. nigra
'Fallgold'), hackberry (Cdtis occidentalis), and Amur
cherry (Prunus maackii). In the first growing season,
all tree spade trees except Amur cherry showed sig-
nificantly greater shoot extension and leaf area than
their BR counterparts. After two seasons, however,
differences in growth between BR and B&B trees of
all four species were not significant.

Most studies comparing production methods
took place in nonurban nursery and test field situa-
tions. Magley and Struve (1983) compared 7-to 15-
cm-caliper (3- to 6-in.) BR and tree spade-dug pin
oaks (Quercus palustris). Shoot extension and leaf ex-
pansion were significantly greater for trees trans-
planted by tree spade than for.BR trees. A study by
Hensley (1993) compared the impact of B&B, BR,
and fabric-bag production methods on the height,
caliper, and dry root weight of 2.5-cm-caliper (1-in.)
green ash trees. The author found no significant dif-
ference among the three production methods in tree
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height, stem diameter, or dry root weight at any time
during the four-year study.

Spring is advocated by Pirone et al. (1988) and
others as the best time to transplant BR trees, without
regard to species. Nurseries and authors of street tree
manuals publish lists of fall transplanting hazards
(Bailey Nurseries 1999; Northern Nurseries 1999;
Princeton Nurseries 1999) or trees best planted in
spring (Schein 1993; Watson and Himelick 1997).
These recommendations frequently are based on an-
ecdotal experience and do not distinguish between
production methods. Several research studies have in-
dicated transplanting success can actually be greater
in fall, depending on species. In Ithaca, New York, BR
green ash and tree lilac (Syringa reticulata) trans-
planted successfully in fall (Harris and Bassuk 1994).
B&B fringetree (Chionanthus virginicus) planted in
Blacksburg, Virginia, transplanted more successfully
in fall than spring (Harris et al. 1996). A study of BR
littleleaf linden (Tilia cordata) by Witherspoon and
Lumis (1986) looked at root regeneration of three
digging-planting time combinations in Ontario,
Canada. The fall-dug, fall-planted trees had the great-
est new root growth, which suggests that fall is the
best time to transplant this species.

Some studies suggest that planting at other times
of year is preferable, depending on species. For ex-
ample, Watson et al. (1986) looked at eight species
of shade trees transplanted by tree spade in Illinois
in the months of March, May, July, or October. Shoot
extension was measured for five years after trans-
planting. Based on their results, the authors could
not make general recommendations about fall versus
spring transplanting. For several of the species, July
transplanting provided the best results when ad-
equate soil moisture was maintained.

The purpose of our study was to compare fall and
spring B&B and BR transplanting of three street tree
species in the urban environment. Hackberry (Celtis
ocddentalis), American hophombeam (Ostrya virgini-
ana), and swamp white oak (Quercus bicolor) were se-
lected for several reasons. Anecdotally, they are
considered by the industry to be difficult to transplant
(variably difficult in the case of hackberry), yet all had
shown promise as street trees in Ithaca, New York.
Furthermore, little research had been conducted with
these species. It was hoped that these comparisons
would lead to recommendations for the best season

and production method for transplanting each spe-
cies. A separate study, to test the validity of the com-
monly held opinion that B&B trees have an advantage
over BR trees in coping with drought stress, would
involve withholding irrigation from paired B&B and
BR swamp white oak trees.

MATERIALS AND METHODS
Plant Material
Ten each of the following three species were harvested
balled and burlapped (B&B) on October 23, 1997,
from the Chenango gravelly loam of Schichtel's Nurs-
ery, Springville, New York, United States: hackberry,
American hophombeam, and swamp white oak. In
addition to the B&B trees, ten each of the same spe-
cies were harvested BR on October 29, 1997. In
spring 1998, hackberry and hophombeam were har-
vested in the same manner and in the same numbers,
but an extra ten B&B and ten BR swamp white oak
were dug for use in the related experiment comparing
effects of drought stress on B&B and BR trees. Due to
weather and work scheduling factors, the spring B&B
hackberry trees were harvested at different times rang-
ing from March 16 to April 3, 1998. All spring B&B
hophombeam were harvested on March 11, 1998,
and all spring B&B swamp white oak were harvested
on March 6, 1998. Spring BR trees were harvested on
dates as follows: hackberry, April 13, 1998;
hophombeam, April 12, 1998; swamp white oak,
April 11, 1998. All hophombeam in the study were
dug from the same nursery block, as were all swamp
white oak. Among hackberry, all but seven spring
B&B trees were dug from the same nursery block. All
trees were dormant when dug, with the exception of
spring hophombeam that, due to unusually warm
weather, started to break bud just prior to harvest.

Fall BR trees were dug, dipped, and transported
on October 29, 1997. B&B trees were also trans-
ported on October 29. Due to unusually warm
weather, spring BR trees were dug four to six days
before they were dipped and picked up on April 17,
1999. During the holding period before pickup, they
were stored in a cool, shaded garage and watered
every other day. Spring B&B trees were delivered to
the Ithaca municipal nursery on April 13, 1998.

Trees of 40 mm (1.5 in.) caliper were dug accord-
ing to ANSI Z60.1-1996 standards (American Asso-
ciation of Nurserymen 1996). B&B trees were dug
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with a Vermeer tree spade, and root balls were put
into wire baskets lined with natural burlap. Root-ball
diameters met or exceeded the standard of 51 cm (20
in.) for a 40-mm-caliper (1.5 in.) tree. Hophornbeam
and hackberry root balls were 51 cm (20 in.) in diam-
eter and swamp white oak root balls were 61 cm (24
in.) in diameter. BR trees were dug with a U-blade and
exceeded the ANSI minimum root spread of 56 cm
(22 in.) for 40-mm-caliper trees. All trees conformed
to ANSI standards for appropriate height-to-caliper
relationship.

Dipping Procedure for BR Trees
All BR trees were dipped in a hydrogel slurry at the
nursery immediately prior to transport. Using a
method modified from Haug (1996), approximately
15 oz (445 mL) of Soil Moist Fines™ (particles sized
700 \i or less) hydrogel was added for every 25 gal
(95 L) of water, mixed in a 100-gal (380-L) plastic
container, then left to hydrate for ten to fifteen min-
utes. Tree roots were dipped in the slurry and imme-
diately slipped into large, pleated plastic bags. Bags
were knotted around the trunk to hold in moisture,
and trees were stacked gently in the bed of a dump
truck. The truck bed was securely tarped for trans-
port and upon arrival, BR trees were stored in a cool,
shaded shed until planted two to five days later.

Planting Procedure
Seventy sites throughout the city of Ithaca were se-
lected for pairing a total of 140 B&B and BR trees in
tree lawns. At each site, one B&B and one BR tree of
the same species and transplanting season were
planted. B&B trees and their BR counterparts were
planted in close proximity—usually, 4.5 to 6.0 m
(15 to 20 ft)—thereby ensuring similar soil type and
microclimate (Figure 1). Tree lawn width varied
from 1.5 m (5 ft) in downtown areas to greater than
4.5 m (15 ft) in residential areas.

Fall trees were planted October 31, 1997, and
November 3 and 4, 1997. Spring trees were planted
April 20 through 22, 1998. BR planting holes were
dug with shovels; B&B holes were dug with a back-
hoe. Regardless of digging equipment, holes were
comparable in width, and glazing of the sides of the
planting hole was not observed. Turf was removed
and holes were made at least as wide as the spread of
the root system. Trees were planted so that the be-
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Figure 1. Paired B&B and bare-root Ostrya
virginiana on city street representing typical spac-
ing in this study. Tree closest to viewer is B&B;
tree farther back is bare root.

ginning of the root flare was just visible at grade. All
trees were watered in immediately after planting and
received 5 to 10 cm (2 to 4 in.) of wood-chip mulch
in a 46-cm (18-in.) radius from the trunk. With only
two exceptions, trees were not staked. Starting in the
spring of 1998, all trees in the main study received
20-gal (75-L) Treegator® drip irrigation bags that
were filled at the discretion of the city of Ithaca for-
estry crew, usually once a week during dry stretches.

All 20 swamp white oak trees in the irrigation-
withheld study were lined out in B&B-BR pairs along
one street to minimize microclimatic and soil differ-
ences between sites. They were watered only once at
planting and thereafter received no irrigation.
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Data Collection
In August 1998, when terminal buds had set, four
growth responses were measured on all trees. First,
shoot extension was measured to the nearest half
centimeter on three mid-canopy, full-sun terminal
shoots per tree, and the mean was calculated. Sec-
ond, dieback was also measured on three mid-
canopy terminal shoots per tree, and the mean was
calculated. We devised a third visual index called
"leaf canopy rating" to give an approximation of the
fullness of the canopy relative to its branch density
Leaf canopy complemented the other measurements
by taking into account the extent of dieback and bud
break failure within the canopy. For leaf canopy rat-
ing, a percentage scale in increments of ten was
used, with 100% corresponding to a tree that had
fully leafed out and had no measurable dieback
within the canopy. Figure 2 gives examples of this

rating on hackberry. Finally, average area per leaf was
calculated from a sample of half of the trees. Ten
mid-canopy, representative leaves per tree were mea-
sured with a LI-COR LI-3100 leaf area meter. The
mean area in square centimeters per leaf was then
calculated. The same measurements were repeated in
August 1999 to give second-year growth data. Soil
samples weighing at least 50 g (1.8 oz) were taken
from the majority of the sites by extracting soil
15 cm (6 in.) below turf roots with a shovel. Samples
were dried and analyzed for pH and gravel, and for
sand, silt and clay fractions.

Statistical Analysis
The statistical software package SPSS 9.0 was used to
analyze the data. Means of paired B&B and BR trees
planted within the same season were analyzed using
paired t-tests. Means for both root types between

Figure 2. A visual "leaf canopy rating" was devised to capture the fullness of
the canopy relative to its branch structure. The hackberry on the left rated
60%; the hackberry on the right rated 90%.


