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Root Pruning Red Maple and Washington Hawthorn Liners
Does Not Affect Harvested Root Length After Two Years of
Field Production’
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Abstract

Root pruning field-grown trees during production can increase harvested root length, but it is a time consuming and expensive practice.
Root pruning before lining out instead of during production is much faster and cheaper. This study tested the effect of root pruning red
maple (Acer rubrum L.) and Washington hawthorn (Crataegus phaenopyrum (L.f.) Medic.) trees. Bare-root liners were root pruned
before planting in nursery rows, and top growth, shoot:root ratios, and harvested root length within rootballs were measured after two
years of field growth. Pruning root systems back 25%, 50%, or 75% had little effect on top growth or shoot:root ratios for either species.

Index words: transplanting, rootball, shoot:root ratio, nursery.

Significance to the Nursery Industry

This study tested the effect of root pruning red maple and
Washington hawthorn liners at planting on top growth and
harvested root length after two years of field production. Root
systems were cut back 0%, 25%, 50%, or 75%. Harvested
root length was not improved, indicating no benefit from root
pruning. On the other hand, top growth was not reduced and
only slight evidence of a negative effect on harvested root
length was found. Nursery operators may therefore trim root
systems of these species as needed (e.g. to remove girdling
roots) or to fit specialized production systems (e.g. to fit in
containers) without negatively affecting plant growth after
at least two years.

'Received for publication February 10, 1998; in revised form May 8, 1998.
*Assistant Professor and Research Technician, respectively.

Introduction

Post-transplant establishment success varies among spe-
cies (11, 18). Easy-to-transplant species often have more root
length within rootballs (i.e. are more fibrous) than difficult-
to-transplant species (3, 12), prompting nursery operators to
look for means, such as root pruning, to increase root length
within rootballs. Since harvesting of field-grown trees may
remove over 90% of the original total root length (7), trees
with coarse, spreading root systems have very little root length
within rootballs (12) and may especially benefit from root
pruning. Increased root length within rootballs of root-pruned
trees is a result of both regeneration of branch roots at sev-
ered ends and the stimulation of lateral roots behind the cuts
(10).

Root pruning of young seedling trees to stimulate root
growth and to enhance fibrous root development is a com-
mon practice in the production of lining out stock for refor-
estation (3). Root pruning during production of young forest
seedling can decrease shoot:root ratios of transplants (14,
17, 19), which is considered desirable since potential for rapid
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post-transplant establishment is enhanced (15). Root prun-
ing of field-grown landscape trees is also a recommended
practice (20). Root pruning Colorado blue spruce (Picea
pungens Engel.) five years before transplanting increased the
root surface area within rootballs four fold (21), and fall root
pruning of live oak (Quercus virginiana L.) increased fine
root root growth within rootballs of spring-harvested trees
(9). However, root pruning during field production does not
always decrease shoot:root ratios (8), and decreased
shoot:root ratios do not always result in improved establish-
ment (4, 14).

Root pruning during production is labor intensive, espe-
cially for nursery trees grown to landscape size. The most
convenient and least costly time to root prune is at the lining
out stage. The objective of this study was to test the effect of
root pruning Acer rubrum L. (red maple) and Crataegus
phaenopyrum (L.f.) Medic. (Washington hawthorn) liners at
planting on top growth and root length within harvested
rootballs. These species were chosen because of previous
observation of their contrasting root system characteristics
by the authors (unpublished data). As confirmed in the present
study (Table 1), red maple has a fibrous root system relative
to Washington hawthorn.

Materials and Methods

Forty each of Acer rubrum L. (red maple) and Crataegus
phaenopyrum (L.f.) Medic. (Washington hawthorn) bare-root
seedlings were obtained from Laywer’s Nursery, Inc. (Plains,
MT) on March 20, 1995, and placed in cold (2C) (36F) dark
storage with roots covered in moist sawdust. Mean height
and stem diameter taken 15 cm from the shoot:root interface
(s.e. mean in parentheses) were 52.7 (0.94) cm and 6.1 (0.18)
mm, respectively, for red maple and 84.7 (1.96) cm and 7.2
(0.32) mm, respectively, for Washington hawthorn. Four root
pruning treatments were randomly assigned to each species.
Each treatment removed a predetermined percentage of sec-
ondary roots and the remaining tertiary roots by measuring
from the root tips to the axis of the primary or secondary

roots. Treatments were: 1) 0% (no additional) root removal,
2) 25% of root length removed 3 ) 50% of root length re-
moved, and 4) 75% of root length removed. Trees of each
species were planted in a completely random design in the
ground and backfilled with native soil on April 15, 1995.
Species were planted in a single row, 1 m between trees, and
analyzed separately. Soil type was Groseclose silt loam
(clayey, mixed, mesic Typic Hapludults) with pH 6.2. A
topdressing of slow-release fertilizer (Osmocote: 18N-2.6P-
9.9K (18-6-12)) was applied at 9 g of N per tree at planting
and again the following spring. Soil within the nursery row
was maintained near field capacity with micro-irrigation
throughout the experiment (approximately once every 5 days
during the growing season). Trees were harvested in March
1997. Final stem diameters were measured and all tops dried
to a constant mass at 70C (158F). Rootballs of all trees were
excavated with 50-cm diameters (industry standard for tree
size) (2), washed free of all soil and unattached roots, and
stored in cold (2C) (36F) dark storage. Each root system (40
trees) was separated into four diameter classes (0—1 mm, 1-
3 mm, 3-5 mm, and 5-10 mm). Roots with diameters >10
mm were excluded from the study. Two root systems from
each treatment and species were randomly selected for de-
termination of dry mass:length relationships. Root length was
determined using a combination of computer imaging soft-
ware (Desk-Scan II, Hewlett Packard Co., Mountain View,
CA) and a computer-image analyzing system (Delta-T SCAN,
Delta-T Devices Ltd. Cambridge, England). Subsamples were

then dried to a constant mass at 70C (158F) and weighed. 4

Data from the two subsamples were pooled to determine the
dry mass:root length relationship for each diameter class of
each treatment by linear regression (SAS vers. 6.08, Cary,
NC). All remaining roots were weighed and the total root
length for each replication was calculated by adding the
lengths calculated with the regression equations for each di-
ameter class. Shoot:root ratios for all trees were determined
by dividing the dry mass of tops by total dry mass of roots.
The relationships between root pruning severity and stem

Table 1. The effect of root pruning red maple and Washington hawthorn at planting on stem diameter increase, top dry mass, shoot:root ratio, and
total root length within harvested rootballs two years after planting.”

Root pruning Stem diameter Top dry mass Dry mass Total root
(%) increase (cm) (g) shoot:root (g/g) length (m)
Red maple

0 2.0 253.2 3.1 289.8

25 1.9 208.2 3.6 225.1

50 1.9 201.4 3:3 244.5

75 1.8 202.8 3.8 168.9

Washington hawthorn

0 1.9 317.6 9.7 64.8

25 1.4 208.0 6.8 51.8

50 1.6 237.9 8.1 49.1

75 1.5 252.3 10.2 472

P>F

Red maple 0.22 0.27 0.18 0.08
Washington hawthorn 0.19 0.37 0.72 0.09

*n = 10 for both species.
*Test for significance of regression (linear fit; quadratic term = NS).
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diameter increase, final shoot (total top) dry mass, shoot:root
ratio, and total root length were assessed through the GLM
procedure of MINITAB vers. 11.1 (State College, PA).

Results and Discussion

Root pruning did not affect stem diameter increase or top
dry mass (Table 1). Root pruning causes a reallocation of
growth that results in increased root growth relative to shoot
growth (14, 16). This reallocation continues until a functional
balance is reached (1). Harvesting trees before this functional
balance is reestablished should result in less top growth in
root-pruned trees. Since no effect was seen on top growth or
shoot:root ratios, this equilibrium was probably reestablished
before harvest. Recovery from root pruning can be rapid for
young trees. Geisler and Ferree (6) reported that photosyn-
thesis and transpiration decreased for 10 days after root prun-
ing ‘Golden Delicious’ apple trees, but both were much in-
creased by 20 days. Gilman (8) reported that shoot:root ra-
tios (dry mass:dry mass) of root-pruned Magnolia grandi-
flora were similar to unpruned controls when all were har-
vested one year after root pruning.

Since root pruning increases the small:large root diameter
ratio (8, 21) and small diameter roots weigh less than large-
diameter roots, root length may be a better gauge than dry
mass of the effect of root pruning on harvested roots. None-
theless, root pruning did not increase root length within
rootballs in our study (Table 1). There is some evidence of a
negative relationship (p = 0.08 and 0.09 for red maple and
Washington hawthorn, respectively), although little variation
is explained by the relationship (> = 0.08 and 0.07 for red
maple and Washington hawthorn, respectively).

Our data do not support the utility of root pruning bare-
root liners of red maple or Washington hawthorn at planting
to increase root length within rootballs two years later when
harvested. Some roots are unavoidably cut during liner har-
vest. Although nursery practices such as wrenching and har-
vesting with deeply drawn u-blades can harvest a high per-
centage of roots, some species may experience severe root
loss at harvest. Additional root pruning may have little effect
on these trees. Any beneficial effect from further root prun-
ing was transitory and was not detectable after two years on
the trees in the present study. Watson theorized that within
12-24 months of root pruning, multiple roots emerging from
cut roots are replaced in stages until one root becomes domi-
nant (20). Since our trees were harvested two years after root
pruning, many of the new roots may have died. Different
results may have been obtained had trees been harvested one
year after planting or had trees been root pruned in the field
in the fall and harvested the following spring, similar to root
pruning procedures reported for live oak in Florida (9). How-
ever, in cold soil regions little root growth can be expected
during late fall and early spring (13), and little root regrowth
would probably occur before spring harvest. Following tra-
ditional field root pruning, one complete growing season
would therefore probably be required before a beneficial in-
crease in root length within rootballs could be realized. In-
creased production costs from root pruning after liners are
planted and from the increased production time required
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would then have to be compared to the benefits obtained from
increased root length within rootballs.

Literature Cited

1. Abod, S.A. and A.D. Webster. 1989. Root and shoot growth of newly
transplanted apple trees as affected by rootstock cultivar, defoliation and
time after transplanting. J. Hort. Sci. 64:655-666.

2. American Association of Nurserymen. 1996. American Standard For
Nursery Stock. American Association of Nurserymen. Chicago.

3. Duryea, M.L. and T.D. Landis. 1984. Forest Nursery Manual:
Production of Forest Seedlings. Martinus Nijhoff/Dr. W. Junk. The Hague/
Boston/Lancaster.

4. Duryea, M.L. and D.P. Lavender. 1982. Water relations, growth and
survival of root-wrenched Douglas-fir seedlings. Can. J. For. Res. 12:545—
555.

5. Fare, D.C., C.H. Gilliam, and H.G. Ponder. 1985. Root distribution
of two field-grown Ilex. HortScience. 20:1129-1130.

6. Geisler, D. and D. Ferree. 1984. The influence of root pruning on
water relations, net photosynthesis, and growth of young ‘Golden Delicious’
apple trees. J. Amer. Soc. Hort. Sci. 109:827-831.

7. Gilman, E.F. 1988. Tree root spread in relation to branch dripline and
harvestable rootball. HortScience. 23:351-353.

8. Gilman, E.F. and M.E. Kane. 1990. Growth and transplantability of
Magnolia grandiflora following root pruning at several growth stages.
HortScience. 25:74-77.

9. Gilman, E.F. and T.H. Yeager. 1987. Root pruning Quercus virginiana
to promote a compact root system. Proc. Southern Nur. Assoc. Res. Conf.
32:339-341.

10. Gilman, E.F. and T.H. Yeager. 1988. Root initiation in root-pruned
hardwoods. HortScience. 23:775.

11. Harris, J.R. and N.L. Bassuk. 1994. Seasonal effects on
transplantability of scarlet oak, green ash, Turkish hazelnut and tree lilac. J.
Arboriculture 20:310-317.

12. Harris, J.R., N.L. Bassuk, and T.H. Whitlow. 1994. A window into
below-ground growth of landscape trees: Implications for transplant success.
HortTechnology. 4:368-371.

13. Harris, J.R., N.L. Bassuk, R.W. Zobel, and T.H. Whitlow. 1995. Root
and shoot growth periodicity of green ash, scarlet oak, Turkish hazelnut,
and tree lilac. J. Amer. Soc. Hort. Sci. 120:211-216.

14. Hipps, N.A., K.H. Higgs, and L.G. Collard. 1997. Effects of root
wrenching and irrigation rate on the growth and water relations of Castanea
sativa and Quercus robur seedlings in the nursery and after outplanting.
Can. J. For. Res. 27:180-188.

15. Kozlowski, T.T. and S.G. Pallardy. 1997. Growth Control In Woody
Plants. Academic Press. San Diego/Boston/New York.
16. Richards, D. and R.N. Rowe. 1977. Effects of root restriction, root

pruning and 6-benzalaminopurine on the growth of peach seedlings. Ann.
Bot. 41:729-740.

17. Rook, D.A. 1971. Effect of undercutting and wrenching on growth
of Pinus radiata D. Don seedlings. J. App. Ecol. 8:477—490.

18. Struve, D.K. and B.C. Moser. 1984. Root system and root regeneration
characteristics of pin and scarlet oak. HortScience. 19:123-125.

19. Tanaka, T., J.D. Walstad, and J.E. Borrecco. 1976. The effect of
wrenching on morphology and field performance of Douglas-fir and loblolly
pine seedlings. Can. J. For. Res. 6:453-458.

20. Watson, G.W. 1986. Cultural practices can influence root development
for better transplanting success. J. Environ. Hort. 4:32-34.

21. Watson, G.W. and T.D. Sydnor. 1987. The effect of root pruning on
the root system of nursery trees. J. Arboriculture 13:126-130.

129

S$S900E 931} BIA §-/0-G20Z 18 /woo Aiojoejgnd-poid-swid yiewlsrem-jpd-awiid//:sdiy woly papeojumoq



