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Abstract

Multiple weekly or biweekly applications of 0, 100, 200 or 300 ppm cyclanilide (CYC), a bioregufettivefin stimulating branching
of apple and cherry trees and select woody ornamental shrubs, were applied foliarly to eight species or cultivars of woody landscape

shrubs, five of which showed increased branching in response to treatment. Shoot number increases were concentration and species
dependent, and compared to untreated controls, branching at 60 days after first treatment (DAFT) with three weekly applicatigns of 100

to 300 ppm CYC in 2005 increased from 1400 to 1900% in ‘Braidyhpel sasanqua camelliald to 175% in ‘Sky Penciholly,
385 to 458% in ‘Fosteholly, 166 to 335% in Eleandiaber™ Indian hawthorn, and 1885 to 2230% in ‘Olivia’™ Indian hawthorn.|In
2006, branching 60 DAFWith three biweekly applications of 100 to 300 ppm CYC increased 34 to 73% in 'Fashgr268 to 413%
in EleanorTaber™ Indian hawthorn, and 2540 to 4440% in Olivia™ Indian hawthorn. Plant size often decreased with increasing CYC
concentration, but not in all species or cultivars. Injury to new foliage of ‘Brafdgipet camellia and ‘Sky Penciind ‘Fosterholly
occurred in 2005, and to new foliage of Eleafaber™ and Olivia™ Indian hawthorn in both 2005 and 2006, however symptoms
were transient and no longer evident by 120 DABuality of treated responsive plants at 120 DA¥E usually higher than that of]

untreated plants, and CYC-induced treatmefeices generally persisted until the end of the growing season.
Index words: auxin transport inhibitomplant growth regulatocontainer nursery production, pruning.

Species used in this studyBrandy’s Tempet sasanqua camelli€émellia sasanquahunb. ‘Brandy$ Tempet); spreading yew
(Cephalotaxus haingtonia C. Koch. ‘Prostrata’); ‘Fostérholly (llex xattenuataAshe.'Fosteri’); ‘Sky Pencilholly (llex crenata
Thunb.'Sky Pencil’); leatherleaf mahonlghonia beale{Fort.) Carr); ‘Harbour Dwarf nandinaandina domesticghunb. ‘Harbour
Dwarf’); ‘Conia’ (Olivia™) and ‘Conor (EleanorTaber™) Indian hawthorrRhaphiolepisndica (L.) Lindl.).

Chemical used in this study:ccyclanilide [1-(2,4-dichlorophenylaminocarbonyl)-cyclopropane carboxylic acid].

Significance to the Nursery Industry

Woody ornamental shrubs often require multiple prunings
during nursery production to develop compact, well-branched
plants. Howeversignificant labor costs and loss of plant bio-

mass that can lengthen production time are incurred with me-

chanical pruning. Single foliar sprays of 25 to 200 ppm
cyclanilide (CYC), an experimental plant growth regulator
(Bayer Environmental Science, Researdhngle Park, NC)
increased shoot formation, promoted plant compaction and
thus enhanced overall appearance of 12 species or cultivar
of woody landscape shrubs in a previous stiitlywever
these dects were transitory and treated plants appeared simi-

to moderate to severe discoloration and/or stunting of new
foliage as CYC concentrations increased from 100 to 300
ppm.While all CYC concentrations promoted branching and
compaction, injury was minimal with 100 ppm foliar sprays.
These results suggest that multiple CYC applications increase
plant branching, compaction and overall quality mofecef
tively than single applications, however injusjthough tran-
sitory, was severe enough to discourage weekly or biweekly
applications at concentrations above 100 ppm.

ﬁntr oduction

Most woody shrubs utilized in southeastern U.S. land-

lar to untreated plants by the end of the growing season (~220scapes require costliime-consuming manual pruning eur

days after treatmeniJhree weekly foliar sprays of 100, 200,
or 300 ppm CYC increased branching, promoted compac-
tion and enhanced quality of ‘Brandyfempet sasanqua
camellia Camellia sasanquéBrandy’s Tempef), ‘Foster

(llex xattenuata‘'Fosteri’) and ‘Sky Pencil’ holliesligx
crenata‘Sky Pencil’), and Eleanofaber™ Rhaphiolepis
indica‘Conor) and Olivia™ Rhaphiolepis indic&Conia’)
Indian hawthorns, andfetts were more persistent than single
foliar applications. Howevefoliar injury occurred to all spe-

ing nursery production to be well-branched and marketable.
Plant growth regulators that mayefa substitute to manual
pruning, such as benzyladenine (BA) and thidiazuron (TDZ),
have been tested for branchingeefs on select woody spe-
cies with mixed results (5, 6, 7, 8, 9, 10) and neither & EP
registered for commercial nursery use. Dikegulac sodium
(Atrimmec, PBI/Gordon, Kansas CitylO), the only regis-
tered chemical branching agent for use on woody ornamen-
tals, has growth retarding activity (1, 4) and is widely used

cies, although symptoms were transitory and plants outgrew in commercial landscape maintenance, but not in nurseries.

injury by 120 days after first treatment (DAFT). Symptoms
generally increased from slight discoloration of new foliage
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Recently the bioregulator cyclanilide (CYC, Bayer Envi-
ronmental Science, Researthangle Park, NC) became
available for testing as a growth retardant for apple trees.
Concentrations of 25 to 250 ppm CYC generally promoted
slight reductions in shoot length but mainly stimulated lat-
eral shoot formation on both current and previous sesson’
growth without injury (2). In a subsequent study with sweet
cherry 50 to 200 ppm CYC promoted branching, although
‘Bing'/Mazzard sweet cherry tree was injured by 200 ppm
CYC (3). Lateral branch induction in both apple and sweet
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cherry trees appeared to result from a temporary interruption 1.3 cm (0.5 in) water per irrigation cycle. Plants were re-
of apical dominance without long-term growth reduction or spaced as needed to avoid canopies overlapping. In March
damage to the terminal meristem (2, 3). 2005, 3.8 liter (#1) and114 liter (#3) containers were

In a subsequent study testing théeetiveness of single topdressed with 40 g (1.4 0z) and 70 g (2.5 0z), respectively
foliar applications of 25 to 200 ppm CYC on branching of 19 of 17N-2.6P-10K (PolyOn 17-6-12). In July 2005, haw-
commonly produced woody ornamental shrubs, 12 shrubs thorns, hollies, and nandina were repotted into the previously
showed increased branching in response to treatment (un-described amended substrate, except 7.3 kg (16 Ib) of
published data). In general, shoot numbers of responsive spe17N—-2.6P-10KPolyOn 17—6-12) was incorporated.
cies increased linearly with increasing CYC concentration  Beginning on June 10, 2005, three weekly applications of
and treated plants were full and densely compact. Foliar in- 0, 100, 200, or 300 ppm CYC were made to ‘Brasdigin-
jury symptoms generally increased in severity as CYC con- per camellia, 59.0 to 65.5 cm (23.2 to 25.8 in) in height;
centration increased in three species: New foliage of treated‘Foster holly, 19.2 to 26.2 cm (7.6 to 10.3 in) in height; ‘Sky
‘Ellen Huff" oakleaf hydrangeaifydrangea quenifolia ‘Ellen Pencil’ holly, 22.7 to 26.2 cm (8.9 to 10.3 in) in height;
Huff’) displayed interveinal chlorosis, and new foliage of Olivia™ Indian hawthorn, 23.0 to 23.6 cm (9.1 t0 9.3 in) in
EleanorTaber™ and Olivia™ Indian hawthorn displayed height; and Eleandfaber™ Indian hawthorn, 21.1 to 22.3

mild to moderate yellowing and/or stunting. However cm (8.3 to 8.8 in) in height, all five of which increased new
Jury was transient a_nd symptoms were no longer evident by shoot formation in response to single CYC applications (un-
the end of the growing season. published datajlso beginning on June 10, five weekly ap-

Unfortunately enhancement of plant compaction and qual- plications of the same CYC concentrations were made to three
ity was also transient in several species and cultivars, andspecies unresponsive to single CYC applications (unpublished
maturation of the single flush of CYC-induced growth re- data): ‘Harbour Dwatfnandina, 12.7 to 13.7 cm (5.0 to 5.4
sulted in treated plants similar in appearance to untreatedin) in height; spreading yew.3 to 13.5 cm (3.7 t0 5.3 in) in
plants by the end of the growing season. In research with height; and leatherleaf mahonia, 12.0 to 14.0 cm (4.7 t0 5.5
BA, multiple applications to species responsive to single ap- in) in heightAt first application, plants had completed their
plications were more fctive in stimulating shoot forma-  spring growth flush and had little, if aiynmature foliage.
tion. For example, shoot formation in ‘Harbour Dwarf  \Weekly treatments were stopped when plants exhibited vis-
nandina was minimally #écted by a single application of ible increased shoot development, injumyfive applications
up to 2500 ppm BA (6, 7), but shoot numbers increased al- had been made.
most five- and six-fold with five Weekly applications of 2500 Treatments were applied at 0.2 litetfquivalent to 2 qt/
ppm and 5000 ppm BA, respectivegompared to a single 100 f¢) and 138 kPa (20 psi) using a (rayer with a flat
application (6). o spray nozzle (XRieeJet 8003VK, Bellsprajnc., Opelousas,

Additionally, multiple BAapplications promoted shootfor | Ay "A nonionic surfactant, Bégr-X (Kalo Agr. Chemicals,
mation in species unresponsive to single BA applications. oyerland, KS), was included at the rate of 0.2%. Dry and
Indian hawthorn did not show increases in new shoot num- et-bulb temperatures were recorded at treatment and rela-
bers in response to single BA applications of up to 1000 ppm tive humidity was determined from these measurements. Dry
(7), whereas four applications of 2500 ppm BA increased pylh temperature and relative humidity at application ranged
branching of Olivia™ Indian hawthorn liners by seven shoots from 26 to 32C (79 to 90F) and from 62 to 83%, respec-
per plant when compared to none for controls at 45 days af- tjyely. Plants were treated under tree shade to reduce pos-
ter last treatment (9). Our objective was to determine the sjbje foliar burn from CYC and to prolong absorptiafter
effects of multiple CYC applications on branching of five g minimum of 6 hours, plants were returned to irrigated grow-
species responsive to single CYC applications, as well aSing areas.
three previously unresponsive species. Shoot height and widths from which growth index (GI)

. was calculated [GI = (height + widest width + width 90° to
Materials and Methods widest width) + 3] were recorded at 60 and 120 days after
Experiment 1In September or October 2004, liners of first treatment (DAFT); new terminal and/or lateral shoots =

‘Foster (llex xattenuata‘'Fosteri’) and ‘Sky Pencil{llex 1 cm (0.4 in) in length were counted at 60 DABTd plant
crenata’'Sky Pencil’) hollies, Olivia™ anéleanorTaber™ quality was rated at 120 DAFT on a 1 to 5 scale (1 = poorly
Indian hawthornsRhaphiolepisndica‘Conia’and ‘Conof), branched, excessive shoot elongation, sparse canopy; 2 =
‘Harbour Dwarf nandina lNandina domesticaHarbour increased canopy density and branching relative to a QR of 1
Dwarf’), spreading yew Cephalotaxus haingtonia but too few shoots that were often excessively elongated; 3 =
‘Prostrata’), and leatherleaf mahonlghonia bealgiwere moderate compaction, density and branching; 4 = increased
repotted into 3.8 liter (#1) containers of a 7:1 pinebark:sand density branching and compaction relative to a QR of 3; 5 =
growth medium amended per ifyd®) with 4.7 kg (8 Ib) compact and well-branched with a dense symmetrical canopy)

17N-2.6P-10K(PolyOn 17-6-12, Pursell Industries, by the same person within each experiment. Plants with rat-
SylacaugaAlL), 0.9 kg (1.5 Ib) Micromax (The Scotts Com-  ings of 3 or higher were considered marketableatments

pany Marysville, OH), and 3 kg (5 Ib) dolomitic limestone. were arranged in a randomized complete block design within
‘Brandy’s Tempet sasanqua camelliiéamellia sasanqua species or cultivars and replicated with 10 plants per treat-
‘Brandy’s Tempet) grown in 3.8 liter (#1) containers were  ment, except ‘Brandg'Tempet camellia which was repli-
repotted into 1.4 liter (#3) containers of the same amended cated with 6 plants per treatment. Data were subjected to an
medium at the same timall plants were spaced 41 cm (16  analysis of variance, using the SAS General Linear Model
in) on center outdoors in full sun, except spreading yew and procedure (SAS Institute, CarC), and orthogonal con-
mahonia which were spaced under 47% shade, and irrigatedtrasts were used to test linear and quadratic responses to CYC
twice-daily during the growing season with approximately rate atP = 0.05.
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Experiment 2[\/|ethodo|ogy in the second experiment was Table 1. Effects of three weekly foliarapplications of cyclanilide on

similar to that of the first experiment, unless noted. ‘Foster the growth of five species of woody nursgrcrops in 2005.
holly, and Eleanofaber™ and Olivia™ Indian hawthorns v conc.  Shoot Quality
in 3.8 liter (#1) containers were maintained in a nursery area  (ppm) noz Height (cm) Growth index  rating”
in full sun under overhead irrigation and covered with perfo-

rated white polyethylene sheets during periods of forecasted 60 60 120 60 120 120
freezing temperatures. On March 20, 2006, plants were DAFT® DAFT DAFT ~ DAFT DAFT  DAFT
repotted into 1.4 liter (#3) containers using the previously ‘Brandy’ s Temper camellia
described amended substrate with 7.3 kg (16 Ib) of

17N-2.6P-10KPolyOn 17-6-12) incorporated. Beginning 0 27 828 825 818 878 42
on June 5, three biweekly applications of 0, 100, 200, or 300 ;88 ig-g gi-g g;-g gg-g gg-g Z"g
ppm CYC were made to plants of ‘Fosteolly, 80.0 to 86.2 300 540 855 982 0982 894 45
cm (31.5 to 33.9 in) in height; Eleanitaber™ Indian haw-

thorn, 29.5t0 33.5 cm {16 to 13.2 in) in height; and Olivia™ SignY Q* NS NS L Q* NS

Indian hawthorn, 29.5 to 35.5 cnil(® to 14.0 in) in height.

Dry bulb temperature and relative humidity during applica- ‘Sky Pencil” holly

tion ranged from 29 to 32C (84 to 90F) and from 59 to 92%, 0 391 559  66.6 26.6 327 3.2
respectively 100 69.0 419 606 299 322 37

New terminal and/or lateral shoatd cm (0.4 in) in length 200 88.3 403 609 220 321 36
were recorded at 60 DAEEhoot height and widths from 300 85.7 402 585 225 309 40

which growth index (GI) was calculated and plant injifry

present, were determined at 60 and 120 DAFT (1 = no in-
jury; 2 = slight bronzing or reddening of new foliage; 3 = ‘Foster’ holly
slight to moderate bronzing or reddening, slight to moderate

Slgn Q*** Q* L* Q* NS L**

stunting of new foliage; 4 = moderate to severe bronzingor 0 o1 gz che M8 84 39
reddening, moderate to severe stunting of new foliage; 5 = g9 989 253 500 283 531 38
necrosis of new foliage); and plant quality was rated at 120 300 101.0 253 474 316 535 39
DAFT. Hollies were arranged in a randomized complete block _

design and replicated with 10 single plants per treatment.  Sign- Q™ Q™ L Q™ Qb

The two hawthorn cultivars were placed in a factorial ar

: e . Eleanor Taber™ Indian hawthorn
rangement (CYC x cv) and replicated with five single plants

per cultivar; main décts and interactions were determined 0 154 249 321 352 465 35
using analysis of variance (ANQY. 100 409 232 294 326 427 42
200 55.0 224 297 326 416 43
. . 300 67.0 228 279 329 416 47
Results and Discussion
‘Harbour Dwarf nandina, spreading yew and leatherleaf ~ Si9n- L L L Q* L™ L™

mahonia that did not previously form new shoots in response

Olivia™ Indian hawth
to single CYC applications (unpublished data) were likewise e ™ ndlan hawhom

unresponsive to multiple applications of CYC, even after five 0 20 245 276 342 426 21
weekly applications (data not shown). Howegpecies that 100 397 209 279 315 393 37
200 466 214 263 311 392 3.1

previously formed new shoots in response to single CYC
applications, ‘Brandg Tempet sasanqua camellia, ‘Sky Pen-
cil' and ‘Fosterhollies, and Eleanofaber™ and Olivia™ Sign. Q** NS NS NS NS  Q*
Indian hawthorns (unpublished data), also formed new shoots
in response to three weekly or biweekly CYC applications. *Total number of terminal and lateral shoots, quantified 60 days after first
treatment (DAFT).

‘Brandy’s empet sasanqua camellidn 2005, attractive _YGrowth index = [(height + widest width + width 90° to widest width) + 3],

reddening of new foliage of all treated ‘BranglJempet n em.

. oo - *Quiality rating: 1 = poorly branched, excessive shoot elongation, sparse
camellia, regardless of specific CYC concentration, was noted canopy; 2 = increased canopy density and branching relative to a QR of 1

21 DAFTand persisted until approximately 90 DAMITa- but too few shoots that were often excessively elongated; 3 = moderate com-
matic diferences in the number of new shoots were evident paction, density and branching; 4 = increased dersiynching and com-

at 60 DAFT Controls had fewer than three new shoots per paction relative to a QR of 3; 5 = compact and well-branched with a dense
plant, while plants treated with 100 ppm CYC had almost 17 Symmetrical canopjevaluated 120 DAFT

times as many new shootsaffe 1). Increased concentra- PAFT = days after first treatment. ,

tions of CYC resulted in little (300 ppm) or no (200 ppm) BNC‘)’E:‘?@”F',“:C%”B&'\‘?))°£rSF',g:'gC&;‘lt '(',[‘*35” (L) or quadratic (Q) trend3at
further increases in shoot counts, suggesting an optimal con-" ’ ’ ’ ’ ’

centration of no higher than 100 ppm when applied weekly

for a total of three applications. Shoot height was not af-

fected by CYC treatment at either 60 or 120 DAHBwW- treated plants. CYC-induced changes in plant form of
ever Gl of treated plants increased linearly with increasing ‘Brandy’s Tempet camellia were still evident at 120 DAFT
CYC concentrations at 60 DAFT and plants were noticeably and Gl of treated plants remained higher than that of un-
wider, probably from the formation of numerous lateral treated plants, especially those receiving 100 ppm or 200 ppm
shoots; shoots also were more pendulous than those on unCYC.

300 43.0 21.6 28.7 31.3 39.7 35
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Multiple CYC applications visually delayed flowering of Gl was similar among plants in all treatmeAtseduction in
treated ‘Brandys Tempet camellia, which did not occur with  height following treatment with CYC coupled with an in-
single CYC applications (unpublished data). Flower buds of crease or no change in Gl reflects increased plant width and
untreated plants began to open in mid-Octdhese of plants visibly more dense and compact plaAtshange in the shape
treated with 100 ppm CYC approximately one week Jlater of newly formed leaves was noted 21 DAREated plants
followed by plants treated with 200 ppm CYC and finishing formed new leaves that were noticeably more elongated than
with plants treated with 300 ppm CYC in the middle of No- untreated controls, however these symptoms were no longer
vembey although no data were collected. Number of flowers evident at 90 DAFTPIlant quality at 120 DAFIncreased
per plant and flower morphology were not visualfieefed. linearly with increasing CYC concentration and treated plants
Quality rating was not &cted by CYC treatment; all plants ~ were considered more marketable than controls because of
of ‘Brandy’s Tempet camellia were of high quality and con-  their greater width and compactness.
sidered marketable.

‘Foster’ holly. Shoot number of ‘Fosteholly increased

‘Sky Pencilholly. ‘Sky Pencil’holly can be costly to pro- in response to both weekly and biweekly CYC treatments,
duce because its slender growth habit often necessitates umlthough the response varied. In 2005, shoot formation in
to three liners per one gallon container to give the illusion of ‘Foster holly changed quadratically following three weekly
one marketable plantherefore, our primary objective was  applications, with plants treated with 100, 200, and 300 ppm
to increase plant width. In 2005, shoot number at 60 DAFT CYC producing 385, 446 and 458% more shoots, respec-
changed quadratically in response to increasing CYC con- tively, than untreated plants at 60 DAFETable 1). Shoot
centration (@ble 1). Increased shoot counts relative to the numbers increased linearly at 60 DAFT in 2006 following
control treatment werelb, 175 and 166% following three  three biweekly applications, with plants treated with 100 and
weekly applications of 100, 200, and 300 ppm CYC, respec- 300 ppm CYC forming 34 and 74% more shoots than un-
tively. CYC-treated plants were 25% (100 ppm) to 28% (200 treated controls @ble 2). Lower percent shoot increases in
ppm and 300 ppm) shorter than controls at 60 DAf#Tile 2006 reflect the much higher shoot counts of controls in 2006,
at 120 DAFT plants previously treated with CYC were 9to 18.1 vs. 77.1, and probably are related téedihces in ini-
12% shorter than controls. Gl of plants previously treated tial plant sizes. In 2005, plants in 3.8 liter (#1) containers
with 100 ppm CYC was 12% greater than that of controls at averaged 21.2 cm (8.3 in) in height and had a mean Gl of
60 DAFT, while Gl of plants treated with 200 or 300 ppm 23.9 cm (9.4 in) at first treatment, whereas, plants used in
CYC was ~16% lower than that of controls. By 120 DAFT the second experiment that were grown in 3.8 liter (#1) con-

Table 2. Effects of three biweekly applications of cyclanilide on the gwth of two species of woody nursgrcrops in 2006.
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Injury Quality
Shoot no? Height (cm) Growth index rating* rating"
CYC conc.
(ppm) 60 DAFTY 60 DAFT 120 DAFT 60 DAFT 120 DAFT 60 DAFT 120 DAFT
‘Foster’ holly

0 77.1 94.0 111.0 71.2 79.3 — 2.7
100 103.1 83.2 115.9 67.3 82.5 — 2.8
200 133.8 87.6 118.0 65.6 78.6 — 34
300 133.3 84.0 104.9 69.3 77.1 — 3.6
Sign! L** NS NS NS NS — L*

Indian hawthorn'

0 — 36.6 49.2 39.6 55.5 1.0 3.0
100 — 36.8 51.2 39.0 55.8 2.3 3.0
200 — 34.3 47.1 38.5 53.4 3.1 35
300 — 36.4 49.2 42.6 56.4 3.6 31
Sign. — NS NS NS NS Lk NS

ZTotal number of terminal and lateral shoots, quantified 60 days after first treatment (DAFT).
YGrowth index = [(height + widest width + width 90° to widest width) + 3]), in cm.

XInjury rating: 1 = no injury; 2 = slight bronzing or reddening of new foliage; 3 = moderate bronzing or reddening; 4 = moderate to severe bronzing or reddening,
moderate to severe stunting; 5 = necrosis.

wQuality rating: 1 = poorly branched, excessive shoot elongation, sparse canopy; 2 = increased canopy density and branching relative to a QR of 1 but too few
shoots that were often excessively elongated; 3 = moderate compaction, density and branching; 4 = increagedmgnsigyand compaction relative to a QR
of 3; 5 = compact and well-branched with a dense symmetrical caavglyated 120 DAFT

'DAFT = days after first treatment.
YNonsignificant (NS) or significant linear (L) trendsPat 0.05 (*),P = 0.01 (**), orP = 0.001 (***).

'CYC x cultivar nonsignificant® = 0.05) for all attributes except shoot counts, hence data for the two cultivars were pooled. Shoot counts for each cultivar are
presented in the body of the paper
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tainers in 2005, ovewintered, and repotted intd ¥ (#3) nor Gl of Olivia™ in 2005 or Indian hawthorn in 200&fTe
containers before first treatment, averaged 82.6 cm (32.5 in) 2) was afected by CYC treatmen# reduction in size of

in height and had a mean Gl of 62.7 cm (24.7 in). RegardlessEleanorTaber™ in response to CYC and a lack ééef of

of the magnitude of &ct in the two experiments, treated CYC on size of Olivia™ coupled with prolific shoot forma-
plants formed more shoots than untreated plants in responsdion in both cultivars gave plants a densely compact appear
to both weekly and biweekly CYC applications. ance.

Shoots of CYC-treated ‘Fostefollies were about 43% Transient injury to new foliage of treated Indian hawthorn
shorter than those of controls at 60 DAFT in 2005 and 25 to occurred in both 2005 and 2006. Symptoms, which gener
29% shorter at 120 DAFReductions in Gl relative to those  ally increased with CYC concentration, were similar in both
of controls ranged from 30 to 37% at 60 DAFT and from 16 years and ranged from mild to moderategoudy foliage
to 19% at 120 DAFTIncreased shoot counts and reduced coloration to stunting, cupping and twisting of leaves. Symp-
height and Gl reflect the visibly altered growth habit of CYC- toms were evident approximately 21 DAFT in 2005 and ap-
treated plants; untreated plants were open, strongly upright, proximately 60 DAFT in 2006, suggesting weekly applica-
and sparsely branched, while treated plants were compact.tions injured plants more quickly than biweekly applications.
densely branched, and about as wide as they wer&hall. Injury was not quantified in 2005, but symptoms were no
change in form of treated plants persisted throughout the 2005longer evident by the end of the growing season. In 2006
growing season and, although not quantified, into spring of injury ratings at 60 DAFT increased linearly with increasing
2006 before they resumed a more upright growth habit. Nei- CYC concentration. Ratings at 120 DAFT were not signifi-
ther plant height nor Gl wasfatted by CYC at either 60 or  cant (data not shown), indicating injury symptoms had dissi-
120 DAFTIin 2006, possibly due to the treatment oféar pated.
plants than in 2005. Mild discoloration of leaves and redden-  |n 2005, quality rating of Eleandiaber™ at 120 DAFT
ing of leaf magins developed on new growth of treated plants increased linearly by up to 34% as CYC concentration in-
by 21 DAFT in 2005, although symptoms were no longer creased. Quality rating of Olivia™ at 120 DAFT in 2005
evident by 90 DAFTNo discoloration of the new foliage  changed quadratically in response to increased CYC con-
occurred to CYC-treated plants in 2006. Plant quality in both centration. Quality rating was highest for Olivia™ treated
2005 and 2006 increased linearly with increasing CYC con- with 100 ppm CYC, averaging 76% higher than that of con-
centration, and treated plants were fuller and more uniformly trols.All treated Olivia™ were full, compact and considered
shaped than untreated plants. marketable, while untreated plants were sparsely branched,

loose and open. Plant quality in 2006 was ntacaéd by

Indian hawthorn.In 2005, shoot number of Eleanor CYC treatment, possibly due to the use of gldeerwin-
Taber™ Indian hawthorn increased linearly with increasing tered plants that were initially misshap&herefore, despite
CYC concentration at 60 DARTable 1). Compared to con-  CYC-induced shqot format|on,_ plant canopies were not well-
trols, plants receiving three weekly applications of 100, 200, shaped, suggesting that pruning may be necessary if plants
and 300 ppm CYC formed 165, 257, and 335%, respectively are initially not compact.
more new shoots than controls. Under normal production con-  In research with the cytokinin BA, multiple applications
ditions, Olivia™ does not readily branch and therefore re- promoted shoot formation in species unresponsive to single
quires more frequent pruning to develop a marketable plant applications (7, 9), as well as greater shoot formation in pre-
than does Eleandiaber™ (8, 9)This condition was exem-  Viously responsive species (6, 7). Neither a single CYC ap-
plified by the low shoot counts of Olivia™ control plants plication (unpublished data) nor five weekly CYC applica-
with an average of two shoots per plant at 60 DAFT in 2005. tions afected branching in spreading ydwatherleaf maho-
However treated plants readily developed new shoots in re- nia, or ‘Harbour Dwarfnandina. Howevemultiple weekly
sponse to three weekly CYC applications, forming between and/or biweekly CYC applications made to species respon-
40 and 47 new shoots per plant. sive to single CYC applications: ‘Brangfempet sasanqua

In 2006, there was an interaction between cultivar and CYC camellia, ‘Sky Pencil'and ‘Foster hollies and Eleanor
treatment for shoot counts, but not for any other data. Shoot Taber™ and Olivia™ Indian hawthorns, promoted shoet for
counts of EleandFaber™ changed quadratically in response mation and compact, well-branched canopies, thus enhanc-
to increasing CYC concentration at 60 DAplants formed ing overall plant qualityPlants treated with a single CYC
19, 97.5, 86, and 70 shoots following three bi-weekly appli- application generally responded with a linear increase in new
cations of 0, 100, 200, and 300 ppm CYC, respectiValyse shoot counts as CYC concentration increased (unpublished
increases of 268 to 413% indicate an optimal concentration data), while plants treated with multiple CYC applications
for new shoot formation of less than 200 ppm. In 2006, shoot generally responded with a quadratic change. New shoot
counts of Olivia™ at 60 DAFT increased linearly as CYC counts following multiple applications of 100 ppm CYC gen-
concentration increased, from two new shoots on untreatederally increased dramatically compared to untreated controls,
plants to 53, 65 and 91 new shoots on plants treated withhowever further increases in response to 200 ppm or 300
100, 200 and 300 ppm CYC, respectively ppm CYC were usually small, and were actually lower in

In 2005, shoot height of Eleandaber™ at both 60 and ‘Sky Pencil’ holly and Olivia™ Indian hawthorn treated with
120 DAFT and Gl at 120 DAFT decreased linearly with in- 300 ppm CYC compared to those treated with 200 ppm CYC.
creasing CYC concentration, whereas Gl at 60 DAFT  ‘Brandy’s Tempet sasanqua camellia, ‘Sky Penahd
changed quadraticallfjReductions in shoot height and Gl  ‘Foster hollies, and Eleanofaber™ and Olivia™ Indian
relative to those of control plants were about 10 and 7%, hawthorns responded to three weekly or biweekly CYC ap-
respectivelyat 60 DAFTand 13 and 1%, respectivelyat plications by forming more new shoots than untreated con-
120 DAFTwith no visible diferences in size of plants treated  trols. Overall, the beneficial &fcts of multiple CYC appli-
with the diferent CYC concentrations. Neither shoot height cations on plant size, compaction and quality rating were
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evident in most species and cultivars at both 60 and 120 100 ppm to determine if branching, compaction and quality
DAFT, and even to the end of the growing season, although can be promoted without plant injury

this was not quantifiedrhis contrasts with unpublished re-
sults using single applications in which CYC reduced height,
Gl, or both at 60 days after treatment [DAut by 120 DA
plants had often outgrown anyfexts of CYC on growth or
compactness.

Unfortunately transient foliar injury often accompanied
increased longevity of plant compactness and quidi8005,
injury to all species was evident 21 DAFT with 3 weekly
CYC applications. In 2006, injury to Indian hawthorn culti-
vars was evident 45 DAFT with three biweekly CYC appli-
cations.The efect of CYC on foliage of ‘BrandgTempet
camellia was limited to attractive reddening of new growth.
In ‘Sky Pencil’ holly new leaves were more elongated than
normal, while new foliage of ‘Fosteholly was mildly dis-
colored and leaf mgins turned an attractive red. Injury to
Indian hawthorn cultivars initially detracted from plant ap-
pearance. Injury from three applications of 100 and 200 ppm
CYC was limited to mild and moderate discoloration, re-
spectively of new foliage, while 300 ppm CYC caused mod-

erate to severe discoloration and stunting, cupping and/or

twisting of new foliageAlthough plants outgrew injury symp-
toms by 120 DAFTresults of this study suggest little benefit
in multiple CYC applications at concentrations above 100
ppm. Three applications of 100 ppm CYC promoted new
shoot production, plant compaction and enhanced quality with
minimal injury. Future research with multiple CYC applica-
tions warrants the investigation of concentrations lower than

196
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