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Abstract

Single applications of 0 to 200 ppm cyclanilide (CYC), an experimental bioregulggotivef in stimulating lateral branching in fruit
trees, were applied to the foliage of 19 species or cultivars of woody landscape shrubs over the 2004 and 2005 seasons, 12 of which
exhibited increased branching in response to treatment. New shoot increases were concentration and species dependent. Gompared to
untreated controls at 30 days after treatmentT{0A 2004, new shoots increased from 14 to 317% across Florida anise, ‘Elizgbeth

Ann’ Japanese camellia, ‘Nigiakberry holly ‘Chinsan'azalea, ‘Red Slipperazalea, ‘Vdtchetazalea, ‘Ellen Hif oakleaf hydrangea,
‘Brandy’'s Tempet sasanqua camellia, and Eleafaber™Indian hawthorn following CYC application. In 2005, shoot increases at{60
DAT ranged from 32 to 240% across ‘Ellen Hudakleaf hydrangea, ‘BrandyTempet sasanqua camellia, Elearkaber™ Indian
hawthorn, Olivia“ Indian hawthorn, ‘Sky Penciholly, and ‘Foster holly. Plant size decreased, increased, or wasfeaiafl by
increasing CYC concentration. Foliage of ‘Ellen Plufakleaf hydrangea in 2004 and Eleanabef™ and Olivid™ Indian hawthorn
in 2005 was injured by CYC application, however symptoms were no longer evident by the end of the growing season. Quality of
treated responsive plants at the end of the growing season in 2004, but not in 2005, was usually higher than that of untreated| plants and
generally increased with increasing CYC concentration.

Index words: auxin transport inhibitoplant growth regulatpnursery production.

Species used in this study: ‘ElizabethAnn’ Japanese camelli€émellia japonical.. ‘ElizabethAnn’); ‘Brandy’s Tempef sasanqua
camellia Camellia sasanqub. ‘Brandy’s Tempet); spreading yew@ephalotaxus haingtoniaC. Koch. ‘Prostrata’); leyland cypress
(X Cupressocyparis leyland{Dallim. & A.B. Jackson) Dallim.); fragrant daphri2ephne odora hunb.); ‘Ellen Huf' oakleaf hydrangea
(Hydrangea quaifolia Bartr. ‘Ellen Huff’); ‘Foster holly (llex x attenuataAshe.‘Fosteri’); ‘Sky Pencil’holly (llex crenataThunb.
‘Sky Pencil’); ‘Nigra’ inkberry holly (lex glabra(L.) A. Gray ‘Nigra’); Florida aniselllicium anisatumL. ‘Semmes’); leatherleaf
mahonia flahonia beale{Fort.) Carr); ‘Harbour Dwarf nandina Nandina domestickhunb. ‘Harbour Dwar§; ‘Conia’ (Olivia™)
and ‘Conot (EleanoiTabef™) Indian hawthornRhaphiolepisndica(L.) Lindl.); ‘ElegansthododendronRhododendmL. ‘Elegans’);
‘Chinsan’azaleaRhododendinL. ‘Chinsan’); ‘Red SlippersizaleaRhododendmL. ‘Red Slippers’); ‘WatchetazalealRhododendm

L. ‘Watchet’); and ternstroemidgrnstoemia gymnanther@hunb.).

Chemical used in thisstudy: cyclanilide [1-(2,4-dichlorophenylaminocarbonyl)-cyclopropane carboxylic acid].

Significanceto the Nursery Industry height and often growth index, a measure of plant volume,

Woody landscape shrubs often require pruning multiple Were reduced resultlng.m a denser canbpythe benef|C|aI
times during nursery production to develop compact, well- €fféct was often not evident by the end of the growing sea-
branched plants. Howeveignificant labor costs and loss of son.These re_sults suggest CYC may §ubstltute or comple-
plant biomass can lengthen production time and may dimin- ment mechamcal pruning in these species. Howenngle .
ish the benefits of mechanical pruning. Cyclanilide (CYC), @pplication per growing season may not be enough to main-
an experimental plant growth regulatbas the potential to (&N branching benefits.
induce branching without mechanical pruning. Single foliar

sprays of 25 to 200 ppm CYC increased lateral branching of ntroduction

‘ElizabethAnn’ Japanese camelli@@mellia japonicaEliza- The nursery industry contributes over 300 million dollars
bethAnn’), ‘Brandy’s Tempet sasanqua camelli€émellia per year to the annual total of 1.9 billion dollars in revenue
sasanqudBrandy’s Temper), ‘Ellen HUf oakleaf hydran- generated by\labamas nursery and landscape industries,
gea Hydrangea quaifolia ‘Ellen Huff"), ‘Foster holly (llex e.g., the ‘Green Industryl). A significant cost associated

X attenuataFosteri’), ‘Sky Pencil'holly (llex crenata‘Sky with production of most nursery crops, especially woody land-
Pencil’), ‘Nigra’ inkberry holly {lex glabra‘Nigra’), Florida scape crops, is the costlyme-consuming manual pruning
anise (llicium anisatum'Semmes’), Eleandfabe™ Indian necessary to develop well-branched, marketable plgs.
hawthorn Rhaphiolepis indic&leanorTabef™), Olivia™ cally, plants sold in 3.8 liter (#1) containers have been pruned
Indian hawthornRhaphiolepis indic®livia™), ‘Chinsan’ at least once during the 18- to 20-month production cycle,

azalea Rhododendyn ‘Chinsan’), ‘Red Slippersazalea while plants in 1.4 liter (#3) containers have been pruned at

(Rhododendrn ‘Red Slippers’), and ‘\dtchet’ azalea least three times during the 27- to 32-month production cycle

(Rhododendrin ‘Watchet’).With most species, there was no  (Tom Dodd Nurseries, Semméd,, pers. comm.).

need to apply CYC above 50 or 100 ppm. In general, whena Plant growth regulators have been evaluated as a substi-

species developed new shoots after treatment with CYC, tute or supplement to mechanical pruning of woody orna-
mentals with mixed results. Benzyladenine (BA), a synthetic

'Received for publication February 27, 2007; in revised figpril 24, 2007. cytokinin, is believed to release apical dominance by reduc-
2GraduateAssistant. ing auxin to cytokinin ratios in shoot tips (4). Foliar sprays
*Professar<keevegj@auburn.edu>. or media drenches of BA have been shown to promote axil-
“Associate Professor lary bud growth in several woody landscape crops (9,110, 1
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12, 13), although response varied with species and cultivar spray nozzle (XReeJet 8003VK, Bellsprainc., Opelousas,
(9, 10, 1, 12, 13), plant developmental stage (13), applica- LA) at 138 kPa (20 psiA nonionic surfactant, Bidr-X (Kalo
tion concentration (9, 101112, 13), application number (9, Agr. Chemicals, Overland, KS), was included at 0.2%. Dry-
11, 12) and application interval XL In addition to branch- and wet-bulb temperatures, from which relative humidity was
ing response, foliar injury ranging from mild to moderate determined, were recorded at treatment. Plants were treated
discoloration, cupping, twisting, and/or stunting of new under tree shade to minimize possible foliar burn and to pro-
growth occurred in some species, including Olivia™ Indian long absorption. Plants were returned to irrigated growing
hawthorn (1, 12, 13), ‘Harbour Dwatf(9, 13), ‘Moyefs areas after a minimum of 6 hours.
Red’and ‘Firepowernandina (9) and ‘Nigrahkberry holly Data collection included: shoot height and width from
(13). Howeverinjury to all species was transient, and symp- which growth index (GI) was calculated [GI = (height + wid-
toms were no longer evident by the end of the growing sea- est width + width 90° to widest width) + 3], counts of all new
son. terminal and/or lateral shoatd cm (0.4 in) in length, and
Thidiazuron (TDZ), a phenylurea cytokinin registered as ratings of overall plant qualitpuality was subjectively rated
a cotton defoliant (Dropp 50WRventis CropScience, Re- (QR) on a1 to 5 scale (1 = poorly branched, excessive shoot
searchrriangle Park, NC), promoted branchingNandina elongation, sparse canopy; 2 = increased canopy density and
domesticacultivars with minimal d&ct on plant size and  branching relative to a QR of 1 but too few shoots that were
produced visibly fuller plants than untreated controls (8). often excessively elongated; 3 = moderate compaction, den-
However mild chlorosis of immature foliage occurred fol-  sity and branching; 4 = increased denditgnching and com-
lowing TDZ applications to nandina and several other spe- paction relative to a QR of 3; 5 = compact and well-branched
cies (unpublished data). with a dense symmetrical canopy) by the same person within
Despite the potential of BANdTDZ as branching agents  each experiment. Plants with ratings of 3 or higher were con-
for select woody species, neither isfERgistered, thusthey  sidered marketable. Data were subjected to an analysis of
are unavailable for commercial use. Currerdligegulac so- variance, using the SAS General Linear Model procedure
dium (Atrimmec, PBI/Gordon, Kansas GityO) is the only (SAS Institute, CaryNC) and orthogonal contrasts were used
registered chemical branching agent for use on woody orna-to test linear and quadratic responses to CYC rake =at
mentals. Howeveiit also has growth retarding activity (3, 0.05.
7), making it more useful in landscape settings than in nurs-

eries (2). Recentlcyclanilide (CYC, Bayer Environmental 2004. Liners of Daphne odora(fragrant daphne),
Science, Researdfiangle Park, NC) became available for  Rhaphiolepisndica ‘Conor (EleanorTabe™ Indian haw-
experimental evaluation as a bioregulator of apple trees. Ini- thorn),llex glabra‘Nigra’ (inkberry holly),lllicium anisatum

tial information from Bayer suggested CYC may act as a ‘Semmes(Florida anise)Rhododendsn ‘Chinsan’,Rhodo-
growth retardant (unpublished data). In subsequent work at dendon ‘Red SlippersandRhododendsn ‘Watchet' (aza-
Washington &te University directed sprays of 25 to 250  |ea cultivars)Hydrangea quaifolia ‘Ellen Huff’ (oakleaf
ppm CYC were tested for their inhibitoryfedts on shoot  hydrangea)Nandina domesticéarbour Dwarf (nandina)
elongation of appléhile small reductions in shoot length  andRhododendsn ‘Elegans’(rhododendron) were repotted
occurred, the primary fefct was stimulation of lateral shoots  into 3.8 liter (#1) containers between late March and early
on current growth and from spurs on older woodASater April 2004.Camellia sasanqu#randy’s Tempet (sasanqua
study using 50 to 200 ppm CYC on sweet cherry trees yielded camellia) andCamellia japonicéElizabethAnn’ (Japanese
similar branching results and slight foliar injury to one tree camellia) were repotted from 0.9 liter (qt) into 7.6 liter (#2)
variety, ‘Bing'/Mazzard, from application of 200 ppm CYC  containers opril 1, 2004.

(6). Lateral branch induction in both studies occurred aftera  Single foliar applications of 0, 25, 50, 100 or 200 ppm
temporary interruption of apical dominance without long- CYC were applied to all species, except ‘Chinsan’ and
term growth reduction or damage to the terminal meristem \watchet' azaleas, Florida anise and ‘Branslfempet

(5, 6). Based on positive results from Elfvinigtudies, single  sasanqua camellia, during the first flush of spring growth on
foliar sprays of CYC were evaluated for their branching ef-  April 23, 2004.Treatments were arranged in a completely
fects on several landscape shrub species or cultivars com-randomized design within species and replicated with 5 to 8

monly grown in the southeastern Unitetdt8s. plants per treatment. Dry bulb temperature and relative hu-
) midity at application ranged from 26 to 29C (79-85F) and
Materialsand Methods from 47 to 57%, respectivelgingle foliar applications of
Two experiments were conducted at the Paterson Green-the same CYC concentrations were applied to the remaining
house and Nursery Complex Anburn Universitys cam- species on June 22, 2004, at which time the spring growth

pus, one in 2004 and one in 2005 using similar methodology flush had matured and plants had little, if amymature fo--
unless otherwise noted. Container substrate was 7:1liage.Treatments were arranged in a completely randomized
pinebark:sand amended pe? (gcf) with 7.3 kg (16 Ib) design within species and replicated with 6 to10 plants per
16.5N-2.6P—10K (PolyOn 17-6-12, Pursell Industries, treatment. Dry bulb temperature and relative humidity at ap-
SylacaugaAL), 0.9 kg (1.5 Ib) Micromax (The Scotts Com-  plication rang_ed from 27 to 30C (81-86F) and from 67 to
pany Marysville, OH), and 3 kg (5 Ib) dolomitic limestone. ~ 76%, respectivelyNew shoots were counted 30 days after
Plants were spaced outdoors in full sun under twice-daily treatment (DA), shoot height and perpendicular widths from
irrigation totaling approximately 2.6 cm (1.0 in), and were Which Gl was calculated were measured 60rDed over

not mechanically pruned during the stuéyants were re-  all plant quality was rated 100 or 120 DA

spaced as needed to avoid foliage contact between adjacent

plants. Cyclanilide treatments were applied at 0.2 liter/m 2005.Plants of ‘Brandys Tempet sasanqua camellidex
(equivalent to 2 qt/100fusing a CQsprayer with a flat X attenuata’Foster holly (‘Fostet holly), llex crenata'Sky
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Pencil’ ('Sky Pencil’ holly), ‘Harbour Dwarf nandina, ‘ElizabethAnn’ Japanese camellidNew shoot formation
EleanorTabef™ Indian hawthornRhaphiolepisindica in ‘ElizabethAnn’ Japanese camellia increased linearly at 30
‘Conia’ (Olivia™ Indian hawthorn,Cephalotaxus DAT in 2004 with increasing CYC concentration, ranging
harringtonia‘Prostrata(spreading yew), €upressocyparis from 117% in plants treated with 25 ppm CYC to 367% in
leylandii (leyland cypress) an@ernstoemia gymnanthera plants treated with 200 ppm CYC, compared to non-treated
(ternstroemia) in 3.8 liter (#1) containers were blocked by controls (Bble 1), indicating that the optimal concentration
plant size. Plants of ‘Ellen Hfifoakleaf hydrangea amda- for branching was at least 200 ppm. Shoot height decreased
honia beale(leatherleaf mahonia) in 3.8 liter containers (#1) linearly and Gl increased linearly at 60 DAs CYC con-
were blocked by plant size and placed outdoors under 47%centration increased, indicating a greater width of treated
shade. BetweeApril 15, 2005, and May 17, 2005, single plants.The combination of abundant lateral shoot growth on
foliar sprays of 0, 50, 100 or 200 ppm CYC were applied to shorter plants gave treated plants a fulleore compact ap-
plants arranged in a randomized complete block design within pearance than untreated plants, resulting in an increase in
species or cultivar and replicated with 10 plants ebatat- quality rating at 120 DR as CYC concentration increased.
ments were applied during the first flush of spring growth

when plants were actively growing. Dry bulb temperatures  Hollies. The three holly cultivars tested all responded posi-
from 25 to 31C (77-88F) and relative humidity from 78 to tively to CYC. Compared to those of untreated controls, shoot
96% were present during applicatioiieated spreadingyew  counts increased 36 td 7% in treated ‘Nigrahkberry holly
leyland cypress, leatherleaf mahonia, ‘Harbour Dwarf (Table 1), 48 to 63% in ‘Sky Pencholly, and 105 t016%
nandina and ternstroemia lacked visual treatmdattsf at in Foster holly (@ble 2) as CYC concentration increased. In
60 DAT and thus received an additional CYC application at

the same concentrations on July 6, 2005. Some plants were

repotted into 1.4 liter (#3) containers, during the study:
leyland cypress on July 8, 2005, ‘Sky Penaild ‘Foster
hollies on July 13, 2005, ‘Oliviand ‘Eleanoffabet Indian
hawthorns on July 14, 2005, and ternstroemia on July 18, CYC conc. Shoot Height Growth Quality
2005. Data collection included measurement of shoot height (PPm) counts’ (cm) index rating*
and widths, from which Gl was calculated, a count of new
lateral and/or terminal shoots at 60 D&nd a rating of plant

Tablel. Effectsof single foliar applications of cyclanilide (CYC) on
the growth of three species of woody nursery cropsin 2004.

30 DAT 60 DAT 60 DAT 120 DAT

quality at 120 DA. Florida anise
i ; 0 n.7 51.3 52.6 2.8

Results and Discussion s 147 200 238 31

CYC was applied tollspecies or cultivars of woody-or 50 17.3 54.0 60.7 3.3
namental shrubs in 2004, nine of which exhibited increased 100 17.2 51.5 57.9 3.3
branching in response to treatment. In 2005, six of 10 spe- 200 168 54.0 61.7 33
cies or cultivars exhibited increased branching in response Q=W NS L* NS
to CYC application. Branching of fragrant daphne and
‘Elegans’rhododendron was uriatted by a single foliar ‘ElizabethAnn’ Japanese camellia
CYC application in 2004 (data not showiihere was no 0 87 0.2 546 0
treatment-related branching response from spreadlng yew ¢ 18.8 70.2 57.3 55
leyland cypress, leatherleaf mahonia or ternstroemia in 2005, 59 245 82.3 66.2 27
despite a second CYC application on July 6, 2005 (data not 100 27.5 62.3 59.3 37
shown). Branching of ‘Harbour Dwarhandina was unaf- 200 405 65.7 65.6 3.8

fected by CYC treatment in both 2004 and 2005 (data not
shown).These results concur with fruit tree research in which
plant branching response to CYC application varied with ‘Nigra’ inkberry holly
species or cultivawith some plants not responding (5, 6).

xR L* L* [kt

0 26.7 49.3 43.6 2.0

Florida anise At 30 DAT in 2004, shoot counts in Florida gg gi;? g?:g 3‘71:55) g:g
anise changed quadratically in response to increasing CYC 100 55.7 45.0 44.4 3.7
concentration (@ble 1). Compared to those on untreated 200 57.8 46.0 45.3 45
plants, shoots increased by 26, 48, 47, and 44% following .
application of 25, 50, 100, and 200 ppm CYC, respectively L NS NS L
suggesting an optimal concentration of 50 to 100 ppm. Shoot Total ber of terminal and lateral shoot tified 20 d ft
height was un#écted by CYC, however Gl at 60 DAn- t,;’a?mr;ﬁ?"@egf new terminat anc fateral shoots, quantiie ays atter
creased linearly with increasing CYC concentration, indi- yGrowth index (GI = [(height + widest width + width 90° to widest width) +
cating an overall increase in plant width. Generatfitern- 3)], incm.

odes of CYC-treated plants appeared shorter than those ofQuality rating:1 = poorly branched, excessive shoot elongation, sparse
untreated plants, giving CYC-treated plants a more compact canopy; 2 = increased canopy density and branching relative to a QR of 1
appearance. Florida anise is naturally a leggy species, and irPuttoo few shoots that were often excessively elongated; 3 =moderate com-
spite of perceived shortened internodes, plants would havePaction: density and branching; 4 = increased derbsianching and com-

. . ~paction relative to a QR of 3; 5 = compact and well-branched with a dense
been more marketable if they had been more compact whichsymmetrical canopyevaluated 100 or 120 DA

may explain a lack of treatmentf@ét on plant quality rat- *Nonsignificant (NS) or significant linear (L) or quadratic (Q) trends at P =
ing. 0.05 (*), P = 0.01 (**), or P = 0.001 (**).
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Table2. Effects of single foliar applications of cyclanilide on the

growth of three species of woody nursery cropsin 2005.

Table3. Effectsof single foliar applications of cyclanilide (CYC) on

the growth of three azalea cultivarsin 2004.

CYC conc. Shoot Height Growth Quality CYC conc. Shoot Height Growth Quality
(ppm) counts’ (cm) index rating (ppm) counts?’ (cm) index rating*
60 DAT 60 DAT 60 DAT 120 DAT 30 DAT 60 DAT 60 DAT 100 DAT
Olivia™ Indian hawthorn ‘Chinsan’ azalea
0 17.7 233 32.6 3.2 0 17.7 16.8 22.9 2.6
50 32.8 223 334 3.8 25 27.8 155 19.6 31
100 36.8 23.8 317 4.0 50 29.2 155 19.6 35
200 25.8 25.8 313 4.2 100 325 11.3 15.2 2.8
200 354 13.0 18.6 4.1
Q*** w Q** NS NS
L** L* L** L**
‘Sky Pencil’ holly
‘Red Slippers’ azalea
0 34.3 34.3 19.7 2.0
50 50.8 29.8 18.8 2.8 0 8.6 23.8 22.1 2.0
100 54.3 31.8 18.5 3.7 25 11.8 23.4 21.3 2.6
200 55.8 31.2 18.3 3.0 50 9.8 21.2 20.1 2.8
100 124 21.0 20.0 3.2
L* Q* L* Q* 200 14.8 16.8 19.9 43
‘Foster holly L** (Rl NS [l
0 26.7 49.3 25.3 25 ‘Watchet'azalea
50 54.7 51.0 27.8 3.0
100 55.7 45.0 24.8 2.7 0 7.8 26.8 30.0 —
200 57.8 46.0 243 3.2 25 18.3 22.8 25.0 —
50 21.7 225 24.7 —
(Bl NS L* NS 100 29.2 22.7 27.0 —
200 29.2 23.0 26.5 —
ZTotal number of new terminal and lateral shoots, quantified 60 days after
Lrxx NS NS Not rated

treatment (DA).

YGrowth index (Gl = [(height + widest width + width 90° to widest width) +
3)], incm.

*Quality rating:1 = poorly branched, excessive shoot elongation, sparse

“Total number of new terminal and lateral shoots, quantified 30 days after
treatment (DA).

canopy; 2 = increased canopy density and branching relative to a QR of 1 *Growth index (GI = [(height + widest width + width 90° to widest width) +
but too few shoots that were often excessively elongated; 3 = moderate com-3)], in cm.

paction, density and branching; 4 = increased dersiyching and com-

*Quality rating:1 = poorly branched, excessive shoot elongation, sparse

paction relative to a QR of 3; 5 = compact and well-branched with a dense canopy; 2 = increased canopy density and branching relative to a QR of 1

symmetrical canopyevaluated 100 or 120 OA

“Nonsignificant (NS) or significant linear (L) or quadratic (Q) trends at P =
0.05 (*), P = 0.0 (**), or P = 0.001 (***).

but too few shoots that were often excessively elongated; 3 = moderate com-
paction, density and branching; 4 = increased dersi#ynching and com-
paction relative to a QR of 3; 5 = compact and well-branched with a dense
symmetrical canopyevaluated 100 or 120 OA

“Nonsignificant (NS) or significant linear (L) or quadratic (Q) trends at P =
0.05 (*), P =0.01 (**), or P = 0.001 (***).

general, there were only minor increases in shoot production application, whereas shoot counts of ‘Red Slippers’ and

when CYC was applied at concentrations above 50 ppm.

CYC effects on plant height, GI, and quality rating varied
with cultivar. Neither shoot height nor Gl of ‘Nigratkberry
holly was afected by treatment at 60 DACompared to that
of untreated controls, plant quality rating at 120TDIA-

‘Watchet'azaleas increased by 14 to 72% and 135 to 274%,
respectively (@ble 3). Shoot height and Gl of the three aza-
lea cultivars either decreased or was fataéd by increased
CYC concentrationslreated ‘Chinsanand ‘Red Slippers’
azaleas were visibly fuller and more compact than controls;

creased by 50 to 125% as CYC concentration increased fromthese changes in growth habit were reflected in linear in-

25 to 200 ppm, reflecting the denshidler appearance of
treated plants @ble 1). In contrast, height and Gl of ‘Sky
Pencil’ holly and Gl of ‘Fostérholly, but not height, de-
creased slightly as CYC concentration increasedbl€r2).
Quality rating of ‘Sky Pencilholly at 120 DA peaked in
response to 100 ppm CYC, whereas that of ‘Fostelly
was unafected by treatment, reflecting the short-livefgef

of single applications of CYC on this cultivar

creases in quality rating at 100 DAvith increasing CYC
concentration.. In contrast, treated plants cdtbtliet'azalea
were similar in appearance to untreated plants at 100 DA
and were not rated for qualifyreatment décts on ‘Watchet’
azalea contrast with those on ‘Chinsan’ and ‘Red Slippers’
azaleas, and reflect cultivar fdifences in response to plant
growth regulators (9, 12), including CYC (6).

‘Ellen Huff’ oakleaf hydrangeait 30 DAT in 2004, shoot

AzaleasThe three azalea cultivars tested in 2004 increased counts of ‘Ellen HUf oakleaf hydrangea showed a linear in-

new shoot formation in response to CYC application. Com-

crease of 39 to 72% as CYC concentration increasaugT

pared to those of untreated controls, shoot counts of treated4). Increased shoot production at 60TDiA 2005 was also
‘Chinsan’ azalea increased by 57 to 100% in response to CYClinear, increasing 19 to 240% as concentration increased

142
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(Table 2). Gl decreased linearly in response to increasing CYC 200 ppm CYC (&ble 2). Higher percent increases in shoot

concentration at 60 DRin 2004 but was notfaitted by treat-
ments at 60 DA in 2005. Shoot height was ufedted by
treatments in either yedPlants treated with 25, 50 or 100
ppm CY C displayed mild foliar bronzing, primarily of imma-

counts of ‘Brandys Tempet camellia in 2004 than in 2005
reflect the relatively low increases in untreated controls, 17
in 2004 versus 42 in 2005, when youngaore sparsely
branched plants were used. In absolute terms, shoot increases

ture leaves, while plants treated with 200 ppm CYC displayed relative to untreated controls were similarto 21 in 2004
moderate foliar discoloration and mild stunting/distortion of and 13 to 28 in 2005. Shoot height at 60TDA 2004 de-
new growth. Symptoms were still present, though less severecreased linearly by 10 to 21% with increasing CYC concen-
at 60 DA, but were no longer evident by 120 DAn con- trations. In contrast, shoot height changed quadratically in
trast, there was no injury to oakleaf hydrangea in 2005 fol- response to increasing CYC at 60 D 2005, increasing
lowing application of the same CYC concentrations. Quality 11% following application of 50 ppm CYC but decreasing
ratings were uné&cted by treatment in both 2004 and 2005 16% in response to 200 ppm CYC. In both years, treated plants
and were relatively low due to the loose, leggy appearance ofgenerally appeared fuller and more compact than untreated
plants in all treatments, suggesting that hand pruning may becontrols. Howeverquality rating at 100 DAin 2004 indi-
necessary to produce high quality oakleaf hydrangea. cated a higher quality only in plants treated with 100 ppm
CYC.At 120 DAT in 2005, quality rating increased linearly
‘Brandy’s Tempet sasanqua camelliaSimilar to ‘Eliza- with increasing CYC concentration, by 14, 17, and 35% in
bethAnn’ Japanese camellia, CYC increased shoot produc- response to 50, 100 and 200 ppm CYC, respectiveign
tion of ‘Brandys Tempet sasanqua camelliat 30 DAT in compared to untreated plants. Quality rating was noticeably
2004, shoot counts increased linearly with increasing CYC higher in 2005 than in 2004, regardless of treatment, possibly
concentration, from 50% in plants treated with 25 ppm CYC due to starting the experiment with more established plants.
to 125% in plants treated with 200 ppm CY@lfle 4).A
similar linear increase in shoots counts occurred at 6D DA Indian hawthornsBoth Eleanofabef™ and Olivid™ In-
in 2005, ranging from 32% with 50 ppm CYC to 68% with dian hawthorn formed new shoots in response to CYC appli-

Table4. Effectsof singlefoliar applications of cyclanilide on the growth of three species of woody nursery cropsin 2004 and 2005.

2004 2005
CYC conc. Shoot Height Growth Quality CYC conc. Shoot Height Growth Quality
(ppm) counts? (cm) index rating® (ppm) counts? (cm) indexY rating*
30 DAT 60 DAT 60 DAT 120 DAT 30 DAT 60 DAT 60 DAT 120 DAT
‘Ellen Huff’ oakleaf hydrangea

0 1.8 50.9 55.5 2.2 0 4.7 58.2 55.5 1.6
25 2.5 50.9 53.7 2.1 50 10.3 42.8 49.8 2.2
50 2.4 38.9 51.2 2.1 100 15.5 42.8 47.7 2.5
100 2.8 35.6 42.2 2.0 200 16.0 42.2 45.6 2.9

200 3.1 39.6 47.0 2.1
L*w NS L* NS L*** NS NS NS

‘Brandy’s Tempet sasanqua camellia

0 16.9 62.9 72.6 2.7 0 41.7 78.0 71.9 3.7
25 25.4 56.3 67.5 2.8 50 55.0 87.5 74.5 4.2
50 27.2 56.2 70.4 2.8 100 68.2 78.5 73.4 4.3
100 42.1 54.7 70.6 35 200 70.2 65.3 70.3 5.0

200 38.0 49.5 65.2 25
L*** L* NS Q* L** Q* NS L***

EleanorTaber™ Indian hawthorn

0 13.5 25.8 394 3.1 0 12.8 19.5 27.6 3.2
25 42.1 24.6 38.5 3.9 50 21.8 19.7 27.6 35
50 43.4 23.1 36.7 3.8 100 30.0 19.3 28.2 35
100 46.7 25.3 36.3 3.6 200 36.8 18.3 27.6 3.3

200 54.9 25.0 36.7 4.6
L*** NS L* L* L*** NS NS NS

ZTotal number of new terminal and lateral shoots, quantified 30 days after treatm&ht (DA
YGrowth index (Gl = [(height + widest width + width 90° to widest width) + 3)], in cm.

*Quality 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 = increa$edmignsigyand compaction relative to a QR
of 3; 5 = compact and well-branched with a dense symmetrical caevgdyated 100 or 120 OA

“Nonsignificant (NS) or significant linear (L) or quadratic (Q) trends at P = 0.05 (*), P = 0.01 (**), or P = 0.001 (***).
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cation. Shoot counts of Eleantabef™ Indian hawthorn in-
creased linearly with increasing CYC concentration at 30
DAT in 2004 (Bble 4), from 212% with 50 ppm CYC to
306% with 200 ppm CYCA similar linear trend occurred
with EleanorTabef™ Indian hawthorn at 60 DRin 2005;

whereas Gl increased, decreased or wadeotafl. In sev-

eral species, including common and sasanqua camellias
treated plants were noticeably wider than controls. Many
treated plants appeared fuller and more densely compact than
untreated controls. Foliar injury was noted in three species:

new shoot counts ranged from 70 to 187% greater in plants slight discoloration to moderate stunting of new foliage of

treated with 50 to 200 ppm CYC compared to untreated con-

trols. These shoot increases combined with a lack of treat-
ment efect on height or Gl at 60 DIAn either 2004 or 2005,
except for a slight decrease in Gl in 2005 with increasing

‘Ellen Huff’ oakleaf hydrangea in 2004, but not 2005, and
mild to moderate yellowing and/or stunting of new growth
of EleanorTabef™ and Olivid™ Indian hawthorn in 2005,

but plants outgrew injury symptoms by the end of the grow-

CYC concentration, resulted in plants that were visibly denser ing season.

and more compact than contrafdthough not present in
2004, mild to moderate foliar injuryanging from slight red-
dening to stunting and/or cupping of new growth, was evi-
dent on treated plants by 45 DAn 2005. Injury was not

Quality rating of responsive species was generally higher
in treated plants when compared to untreated plants at 100 or
120 DAT in 2004, but were generally insignificant at 120
DAT in 2005 due to foliar injury (Indian hawthorn cultivars),

rated, but symptoms appeared to increase in severity as CYCa dissipation of the branching response or the maturation of
concentration increased. Symptoms were no longer evidentCYC-induced shoots resulting in most treated plants appear

by the end of the growing season, ~220TD@uality rating
increased linearly with increasing CYC concentration at 120
DAT in 2004, but, due to foliar injuryvas insignificant in
2005.

Olivia™ Indian hawthorn was included in the 2005 ex-
periment because it naturally tends to have a lposere
open growth habit than does Eleaffabe™ and thus re-
quires more frequent pruning during production to produce

ing similar to untreated plants when data were collected at
120 DAT. Plants used in the 2005 tests were well established
and often well-branched before treatment while the majority
of plants used in 2004 were younger and more sparsely
branched. Regardless, several species outgrewféutsabf
single CYC applications in both 2004 and 2005 by the end of
the growing season, approximately 220Dguggesting that
methods that will increase the duration of plant response to

marketable plants. In contrast to the linear increase in shootsCYC, while minimizing the potential for foliar injurghould

in EleanoiTaborf™, shoot formation in Olivi&! changed qua-
dratically at 60 DA in response to increasing CYC concen-
trations (Bble 2), with 100 ppm CYC being optimal. Shoot
height was minimally d&cted by CYC treatments while Gl
was undiected. Similar to Eleandrabef™ in 2005, quality
rating of Olivia™ was not dected by CYC treatment due to
foliar injury that was evident by 45 DASymptoms, which

were not quantified, appeared to increase in severity as CYC

concentration increased and ranged from slight yellowing of
new foliage to more severe yellowing, stunting or cupping
of new foliage. Injury was transient and no longer evident by
220 DAT.

be examined.
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