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Establishment and Growth of Begonias in the Landscape
as Affected by Root Ball Condition at Transplanting*
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MREC, 2725 Binion Rd., Apopka, FL 32703

Abstract

Begonias Begonia semperflorens) were transplanted into an open-sided clear polyethylene covered shelter to evaluteet thieredt

ball condition on establishment and growfhree root ball classes were evaluated: non root-bound (NRB; 6 week old plants), [root-
bound (RB; 10 week old plants), and root-bound with the bottom 1 cm of the root ball removed (RBM). Non root-bound plants had
greater growth rates for both height and faster rates of accumulation for cumulative root dry mass and new root dry mass relative to the
other treatments tested. Cumulative shoot dry mass, new shoot dry mass, and total biomass accumulation rates were slowerlamong RB
plants compared to other rootball conditions. Mean canopy size, shoot dry mass, and biomass of NRB were significantly less at
transplant; however all parameters were comparable among treatments 12 wedkisddt@ean shoot to root ratios were lower fqr

the NRB treatment relative to RBM. Results indicate smallBB transplants establish faster in the landscape. Furthermore, rootball
manipulation is not recommended as it had no significéttsdn root establishment or canopy growth of this annual bedding plant in

the landscape.

K ey words: root ball slicing, transplanting.
Taxa used in this study: Begonia semperflorens Hook.

Significanceto the Industry mixed results following transplanting into landscapes (8, 17,
25). Brass et al. (7) reported increased root regeneration of

landscape services indust§alance between labor con-  'ed mapleAcer ruorum), yet Marshall and Gilman (17) found

straints and recommended landscape practices must bd'© €fect. Be]IcIett-TaverE_ethal. (|4) fo‘én(lj shoot and roolt re-
achieved to ensurefettive landscape management at a rea- 9eneration of common bircBetula pendula) were inversely
sonable cost to both the consumer and suppiicing proportional to root removal prior to transplanting. Similar

rootballs of rootbound plants is often practiced to promote results were reported for amaran_thu@’r{aranthus
rapid root growth during establishment. Most of the evidence h_ypochondrlacus andA. caudatus) and oilseed rapd(as-

is anecdotal. Results of this study indicate root slicing is not 32 napl_Js) transplants_(B, 9). Howevesther aut_hors re-
effective for new root development or increased canopy POrted either no &ct or increased root regeneration follow-
growth of annual bedding plants. Furthermore, smaitz- ing root removal prior to transplanting ric@rf/za sativa)

rootbound plants established at faster rates compared to root{19: 20)-Therefore, the objective of this study was to evalu-
bound and root-bound plants that had been manipulated.ate the dect of root ball condition of annual bedding plants

Rootball manipulation oBegonia semperflorens is inefi- at tran_splanting on shoot and root growth during landscape
cient labor utilization and thus is not recommended. establishment and post-establishment.

Labor costs and availability are a major concern of the

Materials and M ethods

Begonias were obtained from a commercial nursery in 0.72
liter containers and transplanted on March 1, 2004, into an
excessively drained fine sand (Apopka fine sand series) in
an open-sided clear polyethylene-covered shéggonias

Introduction

A common practice among gardeners, but not landscap-
ers, is to disrupt root-bound annuals during transplant by ei-
ther vertically slicing the entire rootball or removing the lower
portion of the root system (5111 Root ball slicing, root prun- . .
ing or root removal is often recommended for root-bound Were planted on 0.3 m (1 ft) centers in 1 m (3.3 ft) wide

herbaceous and woody ornamentals to promote new rootSUIPS-Areas between strips were covered with 0.6 m (2 fi)
development during establishment in the landscape, and"/de Strips of polypropylenground cloth (BWI Companies,

eliminate circling roots that encourage stem girdliAg. Inc., Apopka, FL) to inhibit weed growtiio evaluate ef-
though root slicing is beneficial for reducing stem girdling, fects of root ball condition on establishment and growth, three

no evidence exists that the practice stimulates new root growth 00t ball classes were evaluated: non root-bound (NRB; con-
(11). Gilman et al. (1) reported a reduction in shoot dry mass  1©l) root-bound (RB), and root-bound manipulated (RBM).

in response to root slicing without daily irrigation. Similar Non root-bound plants were 6 weeks old and identified by

results were reported for junipelufiperus chinensis) fol- presence of root tips just visible on the outsi_de _of the root
lowing vertical slicing of the rootball. Howevemot dry ball. Root-bound plants had numerous roots circling the out-

weight was significantly greater than non-sliced rootballs (6). side.of the root ball and were 10 weeks old. Root-bound
Production methods that promote root pruning such as air manipulated plants were identical to root-bound except the

pruning and coppeimpregnated containers have yielded POtom 1.3 cm (0.5in) of the root ball was removed.
Each plot was managed with best management practices

$S900E 98] BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]

*Received for publication December 28, 2005; in revised faugust 25, (5). Controlled-release fertilizer was Ur_“formly broadcast in
2006. each bed area 30 days after transplanting at a standard rate of
2Assistant Professor and corresponding author 0.91 kg N/100 ra(2 Ibs N/1000 f) of 15N-3.9P-9.9K
*Associate Professor Osmocote (Scotts Co., Marysville, OH). Irrigation was ap-
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plied daily at a rate of 1.3 cm (0.5 in) within each bed area 32

with microirrigation spray stakes equipped with a strip spreader 307 . ot
(Model Sake 31, Spreader Blue Series 7000, Dan Sprinklers, 87 . ;i:;::};z:'::,L’
Kibbutz Dan, Israel). Spray stakes were situated in a linear 6| v v v v =

pattern with each emitter 1.2 m (4 ft) apart and mounted 22.9 ¢ 24 .

cm (9 in) above ground levéhe Christssen Cdidient of
Uniformity was a minimum of 0.49 prior to planting (12). 201
Irrigation of each bed was controlled as a separate zone using™ ;1
an automated irrigation time clock (ModééBing 12, Supe-
rior Controls Co., Inc.Valencia, CA). Irrigations began at ul e P——
0500 h and were completed by 0600 h each day ——¥=00072¢+12674; £ =0.76

12+ m Rootbound
— y=0.0391x + 25.97; r> = 0.30

10 ¥ Rootbound Manipulated

Growth indices and biomass. Beginning one week after A — ¥=00168x+20425,° =013
transplant and continuing weekly throughout the experiment,
one replicate of each treatment from each block was removed
and shoot and root dry masses collected. Shoots were sev- v
ered at the soil line and dried at 65C (149F) until constant 00207 | ] .
dry weight was obtained. Soil was removed from roots, and ¢
roots were dried as described for shoots. Measurements ofg

22+ .

Height (cl

167

0.025

average canopy height, widest canopy width, and width per § % ' Y Y.
pendicular to widest width were recorded to calculate growth £ M
indices (growth index = height x width 1 x width 2Jl & ooy . . .

plants were measured immediately after transplanting and at . * .
final harvestAt transplanting, a representative sample of eight
plant replications of each root ball condition were measured
and dried as described above to obtain initial values.

0.005-

Non-Rootbound
Rootbound
Rootbound Manipulated

4dme

0.000 T T T T
Data analysis. The experiment was conducted as a ran- R T
domized complete block design with four blocks of single
plant replicates. Growth data from weekly plant harvests, o _
consisting of plant height, cumulative shoot dry mass, cu- Fig-1 ,A-'”Cfeaiﬁ'”h?ghtgfsafgnq'ontﬁf Cf’?gifztg ”aa'}fp'ﬁt‘“t'B-
mulative root cry mass, new shoot dry mass, new foot dry (G0N ndeeduinglels sadysals e
mass, cumulative biomass, and shoot to root ratios were ana- the experiment. Each point isthe mean of four plants.
lyzed by regression, with three root ball classes and four rep-
lications. New shoot and root dry masses were calculated by
subtracting initial shoot and root dry masses, respectively
from final shoot and root dry masses per sampling period.
Slopes of resulting regression equations were compared by . .
single-degree-of-freedom contrast (24). Growth index did not Resultsand Discussion
fit a linear response due to severe dieback that occurred prior Canopy sizeand height. Non root-bound plants had greater
to day 42 with normal growth resuming after day 42. Data growth rates for height (Fig. 1A) relative to other treatments
from day 42 was not collected. Data were analyzed with seg- tested P < 0.05). No diferences in rate were found between
mented line analysis and orthogonal contrasts were used toRB and RBM plantsK > 0.05). Non root-bound plants grew
determine treatment diérences (1). 2 and 4.5 times faster in height, respectively (Fig. 1A), than
Initial and final plant height, growth index, root dry mass, RB and RBM. Initially NRB plants were smaller than RB or
and shoot dry mass data from week 12 plants were analyzedRBM treatmentsK < 0.0001Table 1). Despite faster growth
as a one-wapANOVA, with three root ball condition treat-  rates, NRB plants could not compensate and remained shorter
ments and four replicationgvhere significant dferences than other treatments throughout the experiment (Fig. 1A;
were indicated, mean separation was by Fisherotected Table 2).

Days after transplant (DAT)

Least Significant Dference (F-Protected LSD, 24)l analy-
ses were conducted using SAR(Y 8.1, 23).

Tablel. Mean initial growth measurements for begonias subjected to three rootball conditions (non root-bound, root-bound, and root-bound ma-

nipulated).
Growth index Height Shoot dry Root dry Biomass Shoot to
Treatment (m?3)? (cm) mass (g) mass (g) (9) root ratios
Non root-bound 0.010b 14.1b 4.87b 0.55a 5.42b 8.90a
Root-bound 0.024a 27.0a 8.12a 0.64a 8.75a 12.91a
Root-bound manipulated 0.019ab 27.4a 8.34a 0.77a 9.11a 11.55a
p-value P<0.05 P < 0.0001 P<0.01 P>0.05 P<0.01 P>0.05

‘Growth index = height x width 1 x width 2.
YMeans representative of 4 single plant replicates.
*Mean separations within a column with thdetiént letters are significantly €#rent according to FishiarProtected Least Significant Bifence P = 0.05.
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Table2. Mean final growth measurementsfor begoniassubjected tothreerootball conditions (non root-bound, root-bound, and root-bound manipu-

lated).
Growth index Height Shoot to New shoot to
Treatment (m3)? (cm) root ratios new root ratios
Non root-bound 0.01ax 16.9b 10.6b 11.4b
Root-bound 0.018a 30.3a 12.4ab 11.9b
Root-bound manipulated 0.014a 29.0a 14.6a 21.5a
p-value P>0.05 P <0.0001 P <0.05 P<0.05

?Growth index = height x width 1 x width 2.
YMeans representative of 4 single plant replicates.

*Mean separations within a column with thdetiént letters are significantly €i#frent according to FishierProtected Least Significant BifenceP = 0.05.

Approximately 21 days after transplant (DA dieback

Biomass. Lower rates of cumulative shoot dry mass accu-

occurred among all treatments. Data from a nearby weathermulation were found among RB plants relative to other root
station suggest that uncommonly high wind speeds (maxi- ball conditions P < 0.05; Fig. 2A). New shoot dry mass de-
mum wind speeds > 32 kph at 10 m) and loose particulate velopment rates were greater among NRB and RBM plants

matter resulted in injuryrhere was no indication of disease

compared to the RB treatmem € 0.05; Fig. 3A). Root-

or insect damage. Canopy size decreased for the initial 35bound plants accumulated total shoot dry mass 32 and 29%

days of the experiment. Howeyero negative impacts on

slower than NRB or RBM treatments, respectively (Fig. 2A).

biomass production were found (Fig. 2A—C). Plants from all Non-root-bound plants accumulated new shoot dry mass 1.6

treatments began to recover at 49T0sd exhibited posi-

and 1.3 times faster than RB and RBM treatments, respec-

tive increases in canopy size for the remainder of the experi- tively (Fig. 3A). NRB and RBM were similar for both pa-
ment (Fig. 1B). Growth indices were similar among treat- rameters. Root-bound and RBM plants had greater cumula-
ments prior to day 42 and after day 42 of the experiment tive mean shoot dry mass than NRB plants at transgant (

(data not shown).

v
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Fig. 2. IncreasesinA.total shoot dry weight, B. total root dry weight,
and C. total biomass as a function of days after transplant.
Each point isthe mean of four plants.
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Fig. 3. Alncreasesin new shoot growth extending from the original
canopy and B. increases in new root growth extending from
the original root ball as a function of days after transplant.
Each point isthe mean of four plants.
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tion rates resulted in no tifrences in either new shoot dry Finally, despite reports of increased root growth of herba-

mass or cumulative dry mass production among treatmentsceous and woody species following root pruning (6, 20, 21),

by final harvestP > 0.05; data not shown). rootball manipulation is not recommended for begoaait
Differences in cumulative root dry mass accumulation were had no dct on canopy growth or root establishment in the

found among treatments with NRB increasing at rates 1.6 landscape. Labor accounts for 30-40% of total operational

times faster than other treatments tesfecek (0.0001; Fig. costs in the green industry (13, 14), and this practice is an

2B). Similar results were found for new root production rates. inefficient utilization of labor

Relative to RB and RBM treatments, NRB plants produced

new roots at faster rates of 1.75 and 1.6 times, respectivelyLiterature Cited

(P < 0.05; Fig. 3B). No dferences in cumulative root dry

mass or new root dry mass accumulation rates were found 1. Anderson, R.L. and L.A. Nelson. 1975family of models involving

intersecting straight lines and concomitant experimental designs useful in

between RB and RBM plant® ¢ 0.05).There were no dif-  evaluating response to fertilizer nutrients. Biometrics 31:303-318.
ferences among treatments for initial and final cumulative  , 5 ..con RC Jrand E.EGilman. 1992Water stress and osmotic
root dry mass despite téfences in accumulation rateslle adjustment during post-digging acclimatization post-digging acclimatization
1; data not ShOWﬂ). of Quercus virginiana produced in fabric containers. J. Environ. Hort.

Cumulative biomass accumulation was similar to root de- 10:208-214.
velopment rates with greater increases among NRB plants 3. Bell, R.W, Z.G Lu, J. Li, D.J. Hu, and Z.C. Xie. 2004. Response of
relative to other treatmentB € 0.05; Fig. 2C). Root-bound transplanted oilseed rape to zinc placement and root pruning. J. Plant Nutrition
and RBM plants accumulated biomass 32 and 24% slower 21:427-439. .
respectivelythan the NRB treatment. Root-bound manipu- o Zc 80 LEcie: e bR, e o e ro0tgrowth
. X 0
:ja;fed biomass product|c_)n \,/}/,ajsﬁfa%t%gﬂf‘l?hRB’ ;‘%Wever of Betula pendula Roth.Arboricultural J. 27:297-313.
; er?rlllCRe; Wlere:[ non-signi Illca 'Ft ; )lﬂmougl {ﬁm_ 5. Black, R.J. and E.J. Gilman. 1998ur Florida Guide to Bedding
ass o . plants was _Sma erattransp 0.01), there Plants: Selection, Establishment, and Maintenance. University Press of
were no diferences by final harved? ¢ 0.05;Tables 1 and Florida, Gainesville.

2). Similar results were found for canopy sizael{lés 1 and 6. Blessing, S.C. and M.N. Dana. 1987. Post-transplant root system

2). The absence of ddrences among treatments after 12 expansion injuniperus chinensis L. as influenced by production system,

weeks is attributed to faster growth rates of NRB plants. mechanical root disruption and soil type. J. Environ. Hort. 5:155-158.
Results suggest landscape establishment was faster for 7. Brand, M.H. and R.L. Leonard. 2001. Consumer product and service

NRB plants relative to other rootball conditions. Size has preferences related to landscape retailing. HortScienc&136:116.

been found to &ct the rate of establishment for both herba- 8. Brass[T.J., GJ. KeeverD.J. Eakes, and C.H. Gilliam. 1996yI8ne-

ceous and woody ornamentals. Latimer (16) examined ef- ”necz)l_a?]d Coppfecgawd IcontaineFS ffict production and landscape

fects of container size and shape on landscape performancéstaplishment of red maple. HortScience 31:353-356.

of marigold Tagetes erecta) seedlings. Marigolds produced 9. Chakhatraﬁan'ds-;-mama" an?]Y- Motoda. 1994. Héct of root

in smaller volume cells had significantly less leaf area and Prunind on growth and yield dfmaranthus spp. JAgric. Sci. 39:10-20.

root and shoot biomass than seedlings producedjirleells; 10. Gilman, E.F, R.J. Black, and B. Dehgan. 1998. Irrigation volume

however shoot biomass increases were greater for smaller and frequency and tree sizéeat establishment ratd.Arboricult. 24:1-9.

cells following transplanting. Gilman et al. (10) reported faster __ jlrégi'gﬁ”é“'iigggééegssg ?é‘igl-‘;"gerigﬁhlzgg Eggtliiﬁ(gﬂrjigérﬁ\?i?on

growth for smaller nursery trees cc_>mpared tgdgtrees af-_ Hort. 14:105-10. e ‘

ter transplant. Dferences were attributed to rapid balancing

. . 12.Haman, D.Z.A. Smaljstra, D. Pitt. 1996. Uniformity of sprinkler
of shoot to root ratios. Similar results were reportewagson and microirrigation systems for nurseries. Fla. Coop. Extension Service

(26). - ) _ ) _ _ Bulletin 321. IRAS. Univ. of Florida.

Add|t!0na| evidence 1S DrOVlded by téfences in shoot to 13. HodgesA.W. and J.J. Haydu. 2002. Economic impacts of the Florida
root ratios Although, diferences in mean shoot to root ra-  environmental horticulture industg000. Univof FLIFAS Economic Rep.
tios between NRB and RB were not significat< 0.05), El 02-3.

ratios were lower for NRB. Ratios were significantly lower 14.HodgesA.W., L.N. Satterthwaite, and J.J. Haydu. 2001. Business

for NRB plants relative to RBM (< 0.05;Table 2) and analysis of ornamental plant nurseries in Florida, 1998.. kL IFAS

RBM and RB were similar > 0.05). Results were similar ~ Economic Rep. 00-5r

for new shoot to new root ratiosafile 2). Balances between 15. Kjelgren, R., L. Rupp, and D. Kilgren. 2000ater conservation in

leaf area and root systems must be achieved to prevent reYrban landscapes. HortScience 35:1037-1040.

ductions in gas exchange and subsequent growth (10, 18, 16.Latimer J.G 1991. Container size and shape influence growth and

27). Increased water stress has been associated with S|owel|andscape performance of marigold seedlings. HortScience 26:124-126.

root growth during establishment (2, 10, 18). Lower shootto  17.Marshall, M.D. and E.FGilman. 1998. Hécts of nursery container
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ment of suficient root systems to compensate for transpira- ortscience 35:763-768.

tional water losses is es_sent|al for landscape establishment 19. Richards, D. and R.N. Rowe. 1977t of root restriction, root

(18).A_Ithough, Sma”er sized, nQn'rOOt'bound plants 909”0' pruning, and 6-benzylaminopurine on the growth of peach seedlimg.

potentially result in faster establishment and reduced irriga- Bot. 41:729-740.
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216 J. Environ. Hort. 24(4):213-217. December 2006

$S900E 98] BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



22.Sachs, R.M.T. Kretchun, and’. Mock. 1975. Minimum irrigation
requirements for landscape plantsAd. Soc. Hort. Sci. 100:499-502.

23. SAS Institute. 1990. SAS UseiGuide: atistics (6 ed.). SAS Inst.,
Cary, NC.

24. Snedecor and Cochran. 198@atitical Methods. 'Ted.The lowa
State Univ PressAmes.

25. Struve, D.K. 1993. Eect of coppettreated containers on transplant
survival and regrowth of four tree species. J. Environ. Hari965-199.

J. Environ. Hort. 24(4):213-217. December 2006

26. Watson, QNV. 1985Tree size décts root regeneration and top growth
after transplanting. Arboricult. 11:37—-40.

27.Watson, GN., E.B. Himelick, and E.TSmiley 1986.Twig growth
of eight species of shade tree following transplantingrhbricult. 12:241—
245,

28. Watson, GN. and GKupkowski. 1991. Soil moisture uptake by green
ash trees after transplanting. J. Environ. Hort. 9:226-227.

217

$S900E 98] BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



