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ROOT SYSTEM CONFIGURATION AFFECTS
TRANSPLANTING OF HONEYLOCUST AND ENGLISH
OAK
by D.K. Struve, T.D. Sydnor1 and R. Rideout2

Abstract. Eight cm (approximately 3 inch) diameter Gleditsia
triacanthos Inermis 'Imperial', Imperial honeylocust, and Quer-
cus robur, English oak, were spring dug bare root and root
pruned to one of four root configurations, standard, wide-
deep, narrow-deep or wide-shallow, to simulate different ball
sizes and shapes had the plants been balled and burlaped. The
plants were placed in a healing-in area. Survival, leaf and shoot
growth were followed for 18 months. All 40 honeylocust trees
survived transplanting while three English oaks died.
Honeylocust trees given the narrow-deep and wide-shallow
root configurations had larger leaves and longer lateral shoots
18 months after transplanting than trees given standard and
wide-deep configurations. English oak trees given wide-deep
and wide-shallow root configurations had more shoot and leaf
growth than did trees given standard or narrow-deep con-
figurations. English oak recovered from transplanting more
rapidly than did honeylocust. For both species, shoot and leaf
growth during 1 986 were not significantly correlated with
shoot and leaf growth in 1 987.

Root regeneration is essential for the establish-
ment of transplanted trees. Root growth capacity
(9) or potential (6) is the measure of the plant's
ability to regenerate roots in a given time in a
benign environment (9). It varies according to root
type, season of the year (a combination of soil and
air temperature, soil moisture and planting stock
physiology), and species (6). The components of
root growth capacity are number and length of
roots and their product, total root surface area (9).

Large-diameter, pruned roots have been
reported to regenerate more roots than smaller
diameter roots (4). However, when root number is
expressed as number of roots regenerated per

unit root diameter, differences between root sizes
are diminished. For instance, 5-15 mm diameter
roots regenerated 0.5 roots/mm root diameter,
while 15-25 mm diameter roots regenerated 0.7
roots (see 4, Table 1).

The time to complete root regeneration is
dependent on whether root regeneration occurs
by elongation of existing roots or by initiation of
adventitious roots and their subsequent elonga-
tion (7). Root regeneration from intact roots is
rapid. These intact roots are typically small
diameter lateral roots. Plants species in which
these roots predominate have fibrous root
systems and are considered easy-to-transplant.
The elongation rate of these small diameter intact
roots is slower than larger diameter roots
regenerated from pruned root surfaces (2). There
is an inverse relationship between root diameter
and time to complete adventitious root regenera-
tion (8, 11). In three-year-old red oak seedlings
root regeneration from pruned lateral roots occur-
red 24 days after transplant, while root regenera-
tion from the main root occurred 49 days after
transplant (8). The benefit of high numbers of
lateral roots (roots believed to have high regenera-
tion potential) to transplant survival and regrowth
under field conditions has been demonstrated
with sweetgum (3).

In nursery situations, lateral roots predominate
in the upper 23 cm (9 inches) of the soil profile
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(12). At soil depths lower than 9 inches, root den-
sity and total root length decrease dramatically.
Altering root ball shape could have a dramatic ef-
fect on the type, amount and root growth potential
of roots contained in the root ball. For instance, a
wide-shallow ball would include a greater propor-
tion of small diameter intact lateral roots (roots
with high regeneration capacity) than would a
narrow-deep ball of similar volume. Increasing ball
volume by increasing both the width and depth of
a root ball (a wide-deep ball type) might not in-
crease transplant success over a ball of similar
width but smaller volume (a wide-shallow ball type)
because the lower half of the ball volume would
have few, larger diameter roots with low regenera-
tion potental.

By increasing the number of roots with high
regeneration potental in a root ball, transplant suc-
cess should be increased and transplant shock
decreased. Transplant shock has been described
as an extended period of stress and slow growth
due primarily to an imbalance in the shoot/root
ratio (13).

Three inch diameter trees of 'Imperial'
honeylocust and English oak were dug bare root
and root pruned to four "ball" configurations to
test the effect of "ball" shape and volume on sur-
vival, shoot growth and leaf size after transplant-
ing.

Materials and Methods
On April 23, 1986, 8 cm (3 inch) diameter 'Im-

perial' honeylocust and English oak were dug from
the City of Milwaukee, Wisconsin, Municipal
Nursery. The trees had been planted in 1981 as
1.8 m (7 to 8') whips. The whips were planted on
2.1m between rows and 1.2 m within row spac-
ing (11' by 4'). The English oak were planted in a
Mitherton silt loam; honey locusts were planted in
an Aztalan loam. Plants were dug using a 1.5 m
(60 inch) U-blade mounted on a front-end loader.
Most of the soil was manually removed from the
roots using spade forks. The bare root plants
were then root pruned to one of four "ball" con-
figurations (see Table 1 for descriptions). The
standard configuration approximately 1 1 " root
diameter for each inch of trunk diameter, in accor-
dance with AAN standards (1). The narrow-deep
configuration was 27" wide. "Ball" depth was

chosen so that the volume was equal to the stan-
dard configuration. "Ball" volume was calculated
by the formula:

V = 2/3 (1T )R2D
where V = volume, R = radius and
D = depth.

The wide-shallow configuration had a diameter/
inch trunk diameter ratio of 13" and a volume
equal to the standard configuration. A wide-deep
configuration was also included. Ten plants were
dug for each configuration and species. After root
pruning, plants were loaded on a wagon and the
roots covered with canvas. No roots were left un-
covered for more than 15 minutes.

Plants were taken to a healing-in area and plac-
ed on a 1 m within row and 1.5 m between row
spacing. A 1:1:1, soihleaf mold: wood chip,
medium was used to cover the roots to a 20 to 30
cm (8-12") depth.

In September 1986 and 1987, 15 to 20 leaves
were randomly collected from the crown of each
tree. For comparison, similar numbers of leaves
were collected from established plants in nursery
rows. Total leaf area of each sample was deter-
mined with a LI-COR (model LI-3050A) area
meter and average leaf area calculated by dividing
total area by number of leaves in the sample.

In September 1986, two trees from each
species and configuration were dug from the
healing-in area and the root systems visually
evaluated. The lengths of the five most vigorous
shoots in 1985 and 1986 were measured. In
September 1987, similar leaf data were collected
from the remaining trees and shoot length of the 5
most vigorous shoots in 1985, 1986 and 1987
were measured. All root systems were visually

Table 1. Descriptions of root system configurations used in
the study

Configuration

Standard

Wide-
deep

Narrow-
deep

Wide-
shallow

Width
cm

81
(32)
101
(40)
69

(27)

101
(40)

Depth
(inches)

48
(19)
66

(26)
66

(26)
30

(12)

Volume
cm3 (inches3)

1.67*
(10,187)

3.57
(21,781)

1.67
(10,187)

1.67
(10,187)

•Volume calculated by V = 2/3 f f XR2XD.
where R = radius and D = depth.
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evaluated.
Average leaf size and shoot length for each

species were analyzed separately using the
ONEWAY procedure in SPSS/PC+ (5). Means
were separated using L.S.D. The degree of
recovery from transplanting was expressed as
percent average leaf size of transplanted trees to
untransplanted trees and as percent of lateral
shoot growth occurring in 1986 or 1987 to that
occurring in 1985, the year prior to transplanting.
The Correlation procedure in SPSS/PC + was
used to obtain correlation coefficients among
average leaf size and shoot growth in 1986 and
1987 for each species.

Results
'Imperial' honeylocust had a more fibrous root

system than English oak (Figs 1A and 1B). Root
pruning to give the desired configurations remov-
ed significant portions of the root systems. For

both species, there were a few large diameter
roots below 30 cm (12").

Honeylocust: Tree height in spring 1986
averaged 5.4 m (Table 2). There were no dif-
ferences in lateral shoot growth among the
treatments in 1986. Shoot growth in 1986
averaged 4.6 cm (1.8 inches), 20% (4.6/23.5
cm) of the growth in 1985.

In 1987 trees given the narrow-deep and wide-
shallow configurations had significantly more
shoot growth than trees given the standard or
wide-deep configurations. Shoot growth was
greater in 1987 than in 1986; the greatest in-
crease was 342%, in the narrow-deep configura-
tion. Shoot growth in 1987 averaged 5 1 %
(12/23.5 cm) of the growth in 1985. There was
no mortality during the study period.

Average leaf size in 1986 was signficantly
greater in trees given the wide-deep configuration
than in trees given the standard configuration
(Table 3). Leaf size of transplanted trees was

Table 2. Lateral shoot elongation of 8 cm (3") diameter 'Im-
perial' honeylocust and English oak before and after
transplanting. Trees were dug bare root in the spring of
1986 and root pruned to one of four root system configura-
tions ("ball" types) before healing-in. Values are means of
the 5 longest shoots/tree.

Species &

configuration

Initial
tree

height

m (feet)

Shoot elongation in Year
cm (inches)

1985 1986 1987
Honeylocust

Standard

Wide-deep

Narrow-deep

Wide-shallow

English oak

Standard

Wide-deep

Narrow-deep

Wide-shallow

5.4A*
(17.7)

5.3A
(17.4)

5.4A
(17.7)

5.4A
(17.7)

6.0A
(19.7)

6.0A
(19.7)

5.7A
(18.7)

6.8A
(22.3)

23.4A
(9.4)

22.6A
(8.9)

24.1A
(9.5)

23.8A
(9.4)

19.9A
(7.8)

19.8A
(7.8)

18.7A
(7.4)

22.6B
(8.9)

4.8A
(1.9)

4.1A
(1.6)

4.3A
(1.7)

4.6A
(1.8)

9.1A

(3.5)

13.5B

(5.3)

12.2B

(4.8)

12.7B
(5.0)

9.1A
(3.6)

10.4A
(4.1)

14.7B
(5.8)

14.5B
(5.7)

4.6A
(1.8)

19.6B
(7.7)

3.6A

(1.4)
18.8B
(7.4)

Figure 1. Root systems of 'Imperial' honeylocust (A) and
English oak (B). Photos were taken In April 1986 just prior
to root pruning.

•Means within a column and species followed by different let-
ters are significantly different from each other using L.S.D.,
0.05 level.



132 Struve et al: Root Configuration and Transplanting

signficantly less (32%) than untransplanted trees
(16.7/52.4 cm2). In 1987 average leaf size was
significantly greater in plants given the narrow-
deep than in trees given the standard and wide-
de,ep configurations. Average leaf size of
transplanted trees in 1987 was 24% of un-
transplanted trees (17.1/70.8 cm2). The
decrease in average leaf size of transplanted
trees relative to untransplanted trees between
1986 and 1987 can be attributed to an increase
in leaf size of untransplanted trees, not to a
decrease in transplanted tree leaf size. Average
leaf size of transplanted trees was 16.9 and 17.1
cm2 for 1986 and 1987, respectively.

Significant root regeneration occurred by
September 1986 (Fig 2). Many 2-3 mm diameter
roots were regenerated from intact root tips and
near the pruned surface of larger diameter roots
(roots • 0.5 cm). By September 1987, it was

common to find regenerated roots greater than 1
m in length, regardless of the root configuration.

English oak: Tree height in spring 1986 averag-
ed 6.2 m, ranging from 5.7 to 6.8 (Table 2). The
differences in initial tree height were not signifi-
cant (p = 0.18). Shoot growth in 1986 was
significantly less for trees given the standard root
configuration than for the other configurations.
Shoot growth in 1986 averaged over all root con-
figurations was 54% of the growth in 1985
(10.9/20.4 cm).

Trees given the wide-deep and wide-shallow
configurations had significantly greater shoot
growth in 1987 than trees given the standard and
narrow-deep configurations. Shoot growth in
1987 of trees given the wide-deep configuration
99% of the shoot growth in 1985. Shoot growth
for trees given the wide-shallow root configuration
was 83% of the growth in 1985. Averaged over

Figure 2. Root regeneration typical of 'Imperial'
honeylocust by September 1986. Trees were transplanted
in April 1986. This type of root regeneration was typical in
all trees, regardless of "ball" type.

Figure 3. Root regeneration typical of English oak in
September 1986 (A) and September 1987 (B). Trees were
transplanted in April 1986.
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all configurations, shoot growth in 1987 was 61 %
of the growth in 1985.

In 1 986 there were no differences in average
leaf size among configuration treatments (Table
3). Average leaf size of transplanted trees was
39% of untransplanted trees (13.6/35.3 cm2). In
1987 trees given the wide-deep configuration
had significantly larger leaves than trees given the
wide-shallow configuration. Average leaf size of
the trees given the narrow-deep configuration was
92% of leaves of untransplanted trees. Leaf size
of transplanted trees averaged over all configura-
tions, was 80% of untransplanted trees
(22.6/28.4 cm2). The increase in transplanted
leaf size was due to an increase in 1987 leaf size
and to smaller leaves of untransplanted trees in
1987.

Few roots had been regenerated by fall 1986
(Fig. 3A). Most root regeneration occurred from
pruned root surfaces. Typically new root length
was less than 20 cm. By September 1987,
significant root regeneration had occurred (con-
trast Figs. 3A and 3B). Most regeneration was
from small diameter lateral roots. Some roots ex-
ceeded 0.6 m (2 feet) in length.

Survival through 1986 was 100%. By 1987,
two trees given the standard and one tree given
the narrow-deep configuration treatments died.

For both species, correlations among average
leaf size and shoot growth in 1986 and 1987
were low (maximum R = 0.39 for average leaf
size and lateral shoot growth in 1987) and none
was significant at the 0.05 level (data not
presented).

Discussion
In this study, "ball" diameter was decreased by

1 5% (narrow-deep) or increased by 25% (wide-
shallow and wide-deep) over the standard "ball"
type. Root lengths contained in these "ball" con-
figurations for these species is not known.
However, with blue spruce, total root length has
been estimated at two soil depths for a 5' radius
from the trunk (12). Using their Figure 2, the per-
cent change in total root length contained in a root
ball 25% greater or 15% less than the standard
size (115 cm diameter and 46 cm deep) can be
estimated. An 86 cm diameter ball (15% less)
would contain 63% of the total root length of the

standard ball. A 136 cm ball (25% greater) would
contain 128% more total root length. Using these
estimates, the "ball" configurations used in this
study would have altered total root length by
204% (wide-deep verses narrow-shallow). If the
spruce data are used as an approximation of
honeylocust, it is surprising that decreasing "ball"
volume this dramatically would increase growth
following transplanting; 1987 shoot growth of the
narrow-deep "ball" was the same as the wide-
shallow.

Altering English oak "ball" configuration had a
significant effect on growth following transplan-
ting; contrast 1987 shoot growth of the wide-
deep and wide-shallow with the standard and
narrow-deep types. "Ball" shape was more impor-
tant to regrowth than was "ball" volume. Although
the wide-shallow configuration had over 200%
less volume than the wide-deep configuration

Table 3. Average leaf size of transplanted and un-
transplanted 8 cm (3") diameter 'Imperial' honeylocust
and English oak. Trees were dug bare root in April 1986
and root pruned to one of four root system configurations
("ball" types) before healing-in. Leaves were collected in
September of each year. Each value is the grand mean of
15 to 20 leaves/tree and 10 trees/ball type.

Species &

configuration

Honeylocust
Standard

Wide-deep

Narrow-deep

Wide-shallow

Untransplanted

English oak
Standard

Wide-deep

Narrow-deep

Wide-shallow

Untransplanted

Average leaf size,

1986

14.2A*
(2.2)

20.5B
(3.2)

15.2A
(2.4)

17.7AB
(2.7)

52.4C
(8.1)

14.2A
(2.2)

14.0A
(2.2)

12.6A
(2.0)

13.6A
(2.1)

35.3C
(5.5)

cm2 (or in2)

1987

15.6A
(2.4)

16.1A
(2.5)
19.5B
(3.0)

17.2AB
(2.7)

70.8C
(11.0)

21.1AB
(3.3)

26.2BC
(4.1)

19.3A
(3.0)

23.8AB
(3.7)

28.4C
(4.4)

* Means within a column and species followed by different let-
ters are significantly different from each other using L.S.D.,
0.05 level.
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there was no difference in shoot growth or leaf
size between the "ball" configurations in 1987.
This agrees with the observation that the lower
portions of the root system had a few larger
diameter roots and the hypothesis that these
roots have low root regeneration capacity, relative
to roots in the upper portions of the ball.

Based on lateral shoot growth and average leaf
size, English oak recovered more rapidly from
transplanting than did 'Imperial' honeylocust. By
1987 English oak lateral shoot growth was 61 %
of that in 1985, whereas honeylocust shoot
growth averaged 51 %. English oak leaves averag-
ed 80% and honeylocust leaves 24% of un-
transplanted trees in 1987. This is in contrast to
English oak's reputation of being more difficult to
transplant than honeylocust. In this study, dif-
ferences in root morphology did affect transplant
survival. However, the degree to which dif-
ferences in root system morphology affects
recovery from transplanting must be questioned.

The differences in shoot growth (recovery) bet-
ween the species might be attributed to dif-
ferences in assimilate partitioning (where the
photosynthate was preferentially sent);
honeylocust appeared to have regenerated a
more extensive root system than English oak
(contrast figs. 2 with 3a and 3b). The conditions in
this study (especially the high organic mulch used
in healing-in) were more favorable to root growth
than conditions at most planting sites. The high
survival rates and rate of regrowth can also be at-
tributed,' in part, to the favorable planting condi-
tions and short time period between digging and
healing-in.

Leaf size and shoot growth during 1986 were
not significantly correlated with leaf size or lateral
shoot growth during 1987. In this study, these
measures of plant growth can not be used as in-
dicators of recovery from transplanting. Additional
information, such as total leaf surface area per

tree, net photosynthesis per unit leaf area and
length of leaf display, probably are needed.
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