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Abstract

Trees that were root pruned regularly throughout the production period grew at a slower rate than trees that were not root p
root pruning only in the last year of production did néetftrunk and canopy growtfirees with root-pruning fabric installed unde
liners at planting grew at the same rate as trees without fabric during 39 months of field production. Hand spade root pruning th
the production period increased the number of small diameter (< 3 mm) roots and decreased the nugedianfidder roots in the
root ball compared to trees that were not root pruned. Root pruning only in the last year of production reduced the nugeber of lar
diameter roots but did not increase the number of small diameter roots. Fabric had no impact on the root system. Root prun
hand spade throughout production or only in the last year of production reduced water stress significantly in trees following
compared to trees not root pruned during production. Root-pruning fabric installed under liners at planting reduced stress following
digging 39 months latebut only on two of the days when water stress was measured.

Index words: tree transplanting, root ball, pruning fabric, water str@gsycus virginiana.

digging

Significance to the Nursery Industry

We found that root pruning Cathedral Oak® live 0@k (
virginiana ‘SDLN’ Cathedral Oak®, PR12015) in a field
nursery over two years (throughout production) reduced tree
height 9%, trunk caliper 10%, and canopy width by 25%;
whereas, root pruning only in the last year of production did
not. Root pruning Cathedral Oak® only in the last year of
production appeared to be mostaént, resulting in the lar
est trees with good root systems and only moderate stres
after digging and excellent survival. Howeyvtrese trees
were challenging to root prune with a balling shovel because
roots were thick and di€ult to cut.To cut these lge roots
more easilysome growers now root prune using a tree spade.
Cutting roots throughout the production period was easier
because roots were smaller in diameter

Intr oduction

angled steeply down just below the trunk {8)e lage roots

can hinder harvesting the trees with a tree spade because the
blades do not always cut through them. Extra labor is re-
quired to cut lage roots with a shovel during harvest and can
result in loose root balls or tree death in extreme casege Lar
roots angled down sometimes produce only a few new roots
following planting into a landscape with poor soil aeration
(6). Some nursery trees produceglaamounts of small di-

@ameter roots and some do not (13). Lack of small diameter

roots on field grown trees has been associated with tree death
in the days immediately following digging (8).

Morphological diferences between root pruned and non
root pruned trees include an increased ratio of smallde lar
diameter roots (15) and a redistribution ofrroots to the
top 1/3 of the root ball in live oak seedlings (7, 9). Since
small diameter roots are thought to be more important for
water and mineral absorption tharglar roots, the prolifera-
tion of small roots after root pruning may help reduce water

Transplant stress and tree death can be costly to tree sellstress and increase survival after transplanti(515). S$ress

ers and upsetting to their customers. Improving techniques
for minimizing stress and maximizing survival are impor
tant for increasing canopy cover and improvirfecencey in
reforesting the urban landscape. In a study of irrigation ef-
fects on production of small diameter roots in the root ball,
no differences were found between field grown live oaks re-
ceiving irrigation through a drip emitter and those receiving
irrigation through a spray stake which distributed water over
a 0.9 m (3 ft) diameter area (7). Irrigation volume also had
no efect on the number or distribution of live oak roots in-
side the root ball. Since irrigation application had no appar
ent impact, we looked toward root pruning to improve root
ball quality and enhance digging survival.

Live oak Quercusvirginiana Mill.) trees grown from seed
or from cuttings Q. virginiana Highrise®) in well-drained
sandy nursery fields can sometimes producgelaoots
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after transplanting may be reduced by decreasing the leaf
area that is transpiring as a result of root pruning (12).
Sudmeyer et al. (14) also found an increase in small diam-
eter roots of pines and eucalyptugrstralia on root pruned
nursery stock.

Root pruning can reduce the cost of planting conifers with
dominant taproots (10). Root pruning has also been used in
the fruit crop industry to limit the growth of shoots (16).
‘Wrenching’'or lifting seedlings can reduce death by desic-
cation after transplanting for reforestatiod ).1

Gilman and Kane (5) hypothesized that post-transplant tree
growth may be related to the distribution of roots among di-
ameter classes within the root ball and that transplanted trees
might benefit from treatments encouraging a high fine-
root:coarse-root dry-weight ratio. Latter studies indicated that
the lager coarse roots found on field grown trees might also
be beneficial to transplant survival since trees from contain-
ers, with their abundance of fine roots, are more stressed fol-
lowing transplanting than field grown trees (4).

Our objectives in this study were to compare tifiects of
hand spade root pruning and root-pruning fabric on 1} mor
phology of the root system of field grown, cutting propa-

13

uned, but
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Table 1. Schedule and placement fohand spade pot pruning.

Root pruning treatment

Date and location Distance from trunk at Root pruning Root pruning in last
of root pruning which roots were pruned throughout production? year of production (2004)
September 4, 2002 NE-SW 20-23 cm (8- 9in) X

December 3, 2002 NVBE 23-25 cm (9-10in) X

April 23, 2003 N/S 25-28 cm (10-Lin) X

July 10, 2003 E/W 28-30 cm (1-12in) X

October 27, 2003 NE/SW 30-33 cm (12-13in) X

February 12, 2004 NW/SE 33-36 cm (13-14 in) X X

April 12, 2004 N/S 33-36 cm (13-14in) X X

July 13, 2004 E/W 33-36 cm (13-14 in) X X

October 12, 2004 NE/SW 33-36 cm (13-14in) X X

Trees plantedugust 2001.
YAbbreviations indicate compass direction. Hand spade root pruning was accomplished by slicing a square-tipped balling shovel 36 cm (14 in) long into the sgil

at an angle similar to that of a mechanical tree spade. Cuts were one-eighth circumference segments (12.5% of circumference each, totaling 25% circumferegcej
at each root pruning date.

gated live oaksQuercusvirginiana Cathedral Oak®), 2) tree Each tree was irrigated using one drip emitter¢TAg
growth in the nursernand 3) digging stress after transplant- DBK 08 E-2 emitter8 liters/hr at 25 psiforo Agricultural
ing. Irrigation, El Cajon, CA) throughout production. Growing
season daily irrigation volumeI4 liters (3 gal)] was split
Materials and Methods into three applications (morning, noon and mid-afternoon)
Treatments. OnAugust 7-8, 2001, thirty #1 (3.7 litdi)- beginning in late March or earhpril, and dormant season
ers of Cathedral Oak® live oaR)(virginiana ‘SDLN' Ca- irrigation was delivered in one application to total 3.8 liters

thedral Oak®, PP #12015) were planted at the University of (1 9al) per day beginning in late Novembkl trees were
Florida Great Southerfiree Conference research site in  Staked at planting to 2.5 m (8 ) tall solid galvanized steel

Alachua CountyFL (USDA Hardiness Zone 8b), on 1.8 m ro_ds 8 mm (5/16 in) diametetaking was adjusted and main-

(8 ft) centers within rows and 3.6 m (12 ft) between rows in tained as needed to develop a straight central trunk to the top
a sandy soil (Arrendondo saraf)d grown for 39 monthat of the tree. . .

planting, #1 liner root balls were sliced from top to bottom __17€€S were fertilized using soluble 16 N—OP-8 K,O

about 2.5 cm (1 in) deep in four places around the plant to throughout production applied at a rate of 65 g per tree in
sever any potentially circling roots that could cause girdling January 2002, 210 g in May 2002, 300 g in July 2002, and
as they expanded. No soil was placed over the root balls at?00 g in Qctqber 200Zhereafter in 2003 and 2004, 400 g
planting. was applled_ln March, June, aAdgust or Septembe_FeF_
Six treatments were applied to trees during the 39-month tilizer was distributed on the surface at each application to
field production periodThey included 1) fabric under root € @pproximate area of a 91 cm (36 in) diameter root ball,
The leader and canopy of each tree was pruned in May

ball plus hand spade root pruning during the last year of pro- ; :
duction (2004), 2) fabric under the root ball plus hand spade 2002 April and October 2003, anpril af‘d Qctober 2004.
Shoots were pruned to develop and maintain a dominant cen-

root pruning multiple times during production, 3) fabric un- .
der th tball and no hand d t ing, 4 fabric tral leader and to establish s‘odxﬂ branches spaced at least
er the root ball and no hand spade root pruning, 4) no fabric 15.4 cm (6 in) apart. Branches in the lower 1.5 m (5 ft) of the

under root ball plus hand spade root pruning during the last . :
year of production (2004), 5) no fabric under the root ball {runk that were growing up into the tree canopy were short-
enedAll other lower branches on the trunk were left intact

plus hand spade root pruning multiple times during produc- during production until October 2004, when all branches on

tion, 6) no fabric under the root ball and no hand spade root
pruning. Experimental design was a randomized complete the_lowgr 15m (510 of trunkwere removétiese bra_nches
varied in diameter to a maximum of 2.54 cm (1 in). One

block design with 2 (fabric vs. no fabric) x 3 (root pruning
treatments) = 6 total treatments with 5 blocks totaling 30
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trees. . . . ) ) Table 2. Number of days after transplanting that water potential was
A 30.5 x 30.5 cnfl12 ir?) proprietary knit fabric of inter measuked (between noon and 1 pm) and the numbers of hours
locking polyester fibers, designed to prevent gygarent of since trees wee last irrigated before the waterpotential mea-

openings (Rootmaker Products CompdryC, Huntsville, surement.

AL), was placed horizontally directly under the #1 liners at g of days after transplant
planting. Hand spade root pruning was accomplished by slic-

No. hours since irrigation

ing a square-tipped balling shovel 36 cm (14 in) long into 5 <1
the soil at an angle similar to that of a mechanical tree spade. 9 <1
SeeTable 1 for a description of the root pruning schedule. gi 2‘;
Each pruning consisted of two one-eighth circumference seg- 30 24
ments (12.5% of circumference each, totaling 25% circum- 31 48
ference).The bottom of the hand spade did not reach far 32 72
enough into the soil to intersect opposite slices; therefore, gg 32

roots growing directly under the trunk were not cut.
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Table 3. Mean growth rate of Cathedral Oak® grown with and without fabric installed under the liner at planting and with and without mechanical
root pruning during field pr oduction. Tr ees wee arranged in a randomized, complete block design in a 2 (fabric) x 2@t pruning) factorial
with 5 blocks (30 trees total).

Treatment Caliper cm (in) Tree height m (ft) Canopy width m (ft)
Fabric under liner 8.1(3.2) 4.6 (15.0) 1.9 (6.2)
No fabric under liner 8.4 (3.3) 4.5 (14.8) 1.9 (6.3)
Not root pruned 8.4 (3.3)a 4.7 (15.5)a 2.2(7.1)a
Root pruned only in 2004 8.6 (3.4)a 4.6 (15.2)a 2.0 (6.7)a
Root pruned throughout production 7.6 (3.0)b 4.3 (14.0)b 1.6 (5.1)b
ANOVA

Source of variation Significance

Fabric vs. no fabric NS NS NS
Root pruning p <0.0001 p <0.007 p <0.0001
Fabric x root pruning NS NS NS

AWithin columns, means followed by féifent letters are significantly drent (p < 0.05).

person pruned all trees throughout in the stidhal caliper significance level of P < 0.05 was used for all analyses.
canopy spread, and total tree height were measured in No-Duncans Multiple Rangdest was used to compare means.
vember 2004.

Results and Discussion

Digging procedure and measurements. To compare the Top growthinthe nursery. Trees with fabric under the liner
effects of root pruning on digging survival and stress, four grew at the same rate as trees without fababid3) Trees
complete blocks of 6 trees (4 x 6 = 24 trees total) were dug that were root pruned throughout the production period grew
with an 81 cm (32 in) hydraulic tree spade (for trees root 1094 |ess caliper and height and 25% less canopy width than

pruned throughout production) or a 91 cm (36 in) diameter rees that were not root prunddees that were root pruned
hydraulic tree spade (for all other trees in the study) on No-

vember 14, 2004The tree spade size corresponds to the
American National &andards Institute Z260.1-2004 nursery

Root

stock standard (1Al 24 trees were then moved within the diameter

same field about 15 m (50 ft) from the original site. For 22 . class

days, we irrigated transplanted trees every hour on the hour® 0 3-5mm

from 7:00 am until 6:00 pm, a typical procedure among A B5mm-1cm

wholesale tree nurseries digging live odtees received 19 g m1-2cm

liters (5 gal) of water over a 10 minute period each time they 5 W >2cm

were irrigatedAfter transplanting, we measured stress peri- =

odically for 50 days using a pressure bomb (Soil Moisture

Inc, Santa Barbara, CAjfter 23 days, transplanted trees No root pruning  Root prune 2004 Root prune

were allowed to dry for several hours to several days before ‘h“’d“gh."“t

measuring stem water potentiad increase the water stress production

during the next three weeks, we gradually increased the num- reatments

ber of hours or days since irrigation before measuring water

potential (Rble 2). 30 7 a Roat
lameter

2517 a class
Root ball dissection procedure and measurements. All E | b

transplanted trees were raised with a tractor between 50-60- 20 E 3-5mm

days following transplanting to measure roots in the root ball. 2 15 a . i_";':;l e

Roots growing outside the root ball were discarded. Soilwas = | m2cm

gently washed from the root systems with a stream of water 2 a a

The number of roots intersecting the edge of the root ballin 5 a b

each of four diameter classes (3to 5mm,5mmtolcm,1to

2 cm, and > 2 cm) was record®dashed, intact root systems fabric no fabric

on 18 trees (3 complete blocks) were marked at 27 cm (10.7 treatments

in) below the soil surface, half the depth of the deepest root

ball. The root System was divided into an upper and lower Fig. 1. Mean number of roots (greater than 3 mm diameter) in each

portion along this line, placed in separate bags by diameter root diameter class forthree ot pruning treatments (top).
classes (< 3 mm argl3mm), and dried at 70C (158F) for 7 Mean number of roots in root balls of trees gown with and
days_ Root dry Weight was recorded by diameter class. without fabric installed under the liner at planting (bottom).
Note: Within a r oot diameterclass, diferent letters above the
. . . . bars indicate significant differences (p < 0.05). Interaction
Data analysis. Analysis of variance was performed using between fabric and 1ot pruning treatment was not signifi-
SAS statistical software (SAS Institute Inc., Ga¥L). A cant.
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4000
a
3500 ab
3000 +
2 b
& 2500 -
)
£ 2000 H
H i
< 1500
0O 1000 -
500 - a b b
0l [ |
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Fig. 2. Mean dry weight of roots in upperand lowerroot balls in prun-
ing treatments. Upperroot ball included all roots in the upper
27 cm; lowerroot ball included all roots below this point. Note:
Within a r oot diameter class, diferent letters above the bars
indicate significant differences among teatments (p < 0.05).
Scale differs on upper and lower y-axes.

only in 2004 grew at the same rate as trees not root pruned
(Table 3). Other studies also reported slow growth or no dif-
ference in growth in response to root pruning (2, 12).

Morphology of the root system. After 39 months of pro-
duction, we found no diérences in the dry weight of roots
in either the upper or lower root ball, when comparing trees
growing with and without root-pruning fabric (data not
shown).This contrasts with results from a similar study show-
ing that fabric under the lingn conjunction with hand spade
pruning, retarded development ofgardiameter deep roots
and encouraged more shallow roots on Highrise® live oaks
and live oak propagated from seed (7). Unlike the many deep
roots on Highrise® without fabric, these shallow roots on
Cathedral Oak® were easily cut with regular root pruning
four times annually during productiofihe relatively shal-
low rooting of Cathedral Oak® in the current study may ac-
count for the lack of significant dédrences in dry weight
between trees with fabric and those without fabric.

Installing root-pruning fabric under the #1 liner at plant-
ing reduced the number of roots 5-10 mm diameter and
slightly, but significantly increased roots > 2 cm diameter
(Fig. 1, bottom). Installation of fabric had no impact on root
weight (data not shown).

Hand spade root pruning throughout the production pe-
riod increased the number of small diameter (3—5 mm) roots
and dramatically decreased the number gElaiameter roots
in the root ball compared to not root pruning (Fig. 1, top).
Root pruning only in the last year of production (2004) also
reduced the number of @ diameter roots but did not in-
crease the number of small diameter roots.

Root pruning throughout production or only in the last year
of production increased the root dry weight of small diam-
eter (< 3 mm) roots in the upper half of the root ball com-

Days after transplanting

day 5 day9 day23 ‘ day24‘ day 30 day31 ‘ day 32 ‘ day 38 ‘ day50‘

—0.5 1

M Pa

-3.5-

—O—No root pruning

—&-Root prune 2004

—4&— Root prune throughout
production

Fig. 3. Mean (with standard error bar) water potential (MPa) averaged acoss 0ot-pruning fabric by r oot pruning tr eatment (8 trees pettr eatment)
as an indicator of stress among transplanted &es in the nursey. Note: Within each day, means with diferent letters indicate significant

differences (p < 0.05) among ¢atments.
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pared with no root pruning (Fig. 2). Root pruning through- that were root pruned only in the last year was well below
out production reduced ige diameter root weight compared the level necessary to kill live oak (3). In the current study
to root pruning only in the last yedoot pruning through- with Cathedral Oak®, we found no improvement in survival
out the production period increased small diameter root with fabric under the lingpossibly because roots were fairly
weight in the lower portion of the root ball. Root pruning shallow on Cathedral Oak&he results of this study and
only once had no &dct on dry weight of roots in the lower  others add support to the hypothesis that more small diam-

root ball (Fig. 2). eter roots coupled with fewer & diameter roots improves
According to Kozlowski and Pallardy}, injury to roots the likelihood of tree survival after transplant (8, 13). How-
encourages branching and growth of new roalghough ever because hurricane force winds blew down 2-pdér

we found that many roots grew from just behind the root trees in greater numbers if this same fabric was installed be-
pruning cut, some roots grew from 15 cm (6 in) or more neath them (Michael Marshall, Marsh@tee Farm, verbal
behind the cut. Other studies have found that roots can origi- communication), installation of root-pruning fabric under
nate from at least 10 cm (4 in) behind a root pruning cut (9). field grown live oak liners might not be warranted in regions
Along with increasing the distance between the trunk and that experience these winds.

the root pruning cuts each time we root pruneabl@ 1),

this explains the increase in fibrous roots we found within Literatur e Cited

the root ball in response to root prunifithis study adds
evidence to support the use of root pruning to encourage fi-
brous roots within the root ball.
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