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LITERATURE REVIEW

Dikegulac

Sodium 2,314,6-di-~0~1s0propylidene~2~keto-gulonate, is a
derivative of gulasa; a dlastersomer of an aldchexose (21),
Guloze, a six carbon aldehyde sugar, ls treated with a mild
oxldizing agent to form gulonlc acid (12). Since the acld form is
unstable, the sodium salt is used (2)., This sugar derivative called
dikegnlac 1s the first synthetlic growth regulant to be formed from
a monosaccaride {5). Moncsaccarides are important compenents in

plant metabolism,

Use of Dikegulac on Woody and Herbaclous Ornamentals

Dikegulac, the active ingredient of the growth regulator Atrinalﬂ,
has been an effective pinching agent and growth retardant of woody
and herbacsous ornamentals, Freventlon of shoot elengation on
several trees and shrubs for more than three.mnnths has been achieved
with dikegulac {24), Foliar applications of dikegulac reduced

growtn in Fraxinus uhdei, Ulmus pumila, Schinus molle, Alnus rombifolisa,

Morus alta, Ceratonia sellqua, and Acacia longifolia (10). Growth

reduction of Ulmus varvifolla was observed after trunk banding with

dikegulac n-peniyl ester {10}, Also dikemulac has been shown to
delay bud break and induce lateral shoot production onh 5 year
old pecan trees (17). Inhibitlion of flower and fruit set of
ornamentals is possible with dikegulac (2). Conversly, a single

application was revorted to induce parthenocarpic fruit developement

in Pyrus communis *Willlams' (5). Unlike GAB' dikegulae induced



parthenocarpic frult were not deformed,
Dikegulac has growth ragulatory effects on turfgrass, In

the greenhouse Pos pratensis, Lollum perenne, and Festuca rubra

growth rates were inhibited by dikegulac (22), However, stimulation

of tillering has been observed on Poa pratensis and Lolium perenne (5),

Under commerclal growing conditions dikegulac inhiblted apical
dominance and promoted axillary shoot production of several azalea
cultivars (8)., Bocion et al, (6) reported increased flower production

in Gerbera jamesonli, and Cyeclamen persicum and axillary shoots in

Begonia X hiemalis, and Fuchia X hybrida, On branching poinsettias

{ Buphorbla pulcherrima), dikegulac used as a pinching agent,

produced a mors rounded top plant (26)., Apparently, the rounded
effect was a result of the terminal flower and bract not being
killed and becoming the largest on the plant. Foliar sprays on

Chrysanthemum X morifollum reduced fresh and dry weights, stem

lengths, and Were phytotoxic at 100-5000ppm concentrations (18).
Dikegulac treatments also resulted in production of more uniform

Fieus elastica rchusta plants with an 18% increase in leaf production

(11). In comparison, a 20% increase in leaf procduction Was observed

after a manual pinch.

Physlologlcal Effects of Dikegulac on Flants

Arzee et, al, (3) investigated the physiological effects of
dikegulac on vlants and found inhibition of INA synthesis in the
apleal meristam but not in the axillary duds. When placed cn a leaf
surface, it 1s reaedily translocated to the apex, Studies indicate

that dikegulac is maved through the phloem tlssue (5). Tizsues moat



sensitive to dikegulac are the aplecal merlstem and leaf primordia
(3), which resvlits in transient intervelnal chlorosis, shortened
internodes, and stimulation of axillary btud growth. Apparently,
dikegulac acts hormenally upcn the apex since it is regulred only
in apall anounts anﬁ is rapldly translocated to growing tisaues.
DMkegulac has been found to inhibit RNA synthesils of axenically
cultured Splrcdela by depressing urldine incorporation into plastid
and cytoplasmic ribosomal RNA (2). Dikegulac acts unlike
x-1rradlation where the apex is permanently damaged and unlike
othexr pinching agents whose effectiveness ls dependent on its contact
with the apex,

Bocion et al, (5) noted that dikegulac interacts with plant
hormones. The growth inhibitory effects of dikegulac on

Triticum aestivum, Avena fatua, and Plsum sativum can be counteracted

by simlliar concentrations of GAB’ which would indlcated that dikegulac
Interupts the bhiosynthesis or mode of action of GAB. At low
aoncentrations (10"6M}, however, dlkegulac promotes growth of

Lycoperslcon esculentum callus tissue. When low concentrations of

diksgulac and GAﬁ were applied, the growth stimulating effect was
additive, Dlkegulac also Increased ethylene blosynthesis in

Pisum sativum seedlings 6-fpld, When TAA was added ethylene production

of dikegulac treated seeds decreased by 70%.

Uses and Moda of Actlon of Chlormequat

Chlormequat, the active ingredient of the plant growth regulator
i}
Cycocsl (2«chlorpethyl trimethyl ammonium chluride) has been used

Tor growth regulation on several horticultural ercps, Primary use
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of chlormequat ls for heighi reduction of red poinsettiazs {(23).
It also aids in production of early budded, well shaped azalea
piants {23), The flowering time of seed geraniums can be
aignifiicantly reduced by 1000 ppm and 1500 ppm folliar sprays of
chlormequat (7). Chlormequat 1s usually applied as a soil drench or
as a follar spray, but has been successful as a bulb dip In
reducing the size of ‘Enchantment' and ‘Harmony' lilies (27).
It was also tested as & granular formulation on peinsettlas, but
dreanching resulted in superior height control (28).

Chlormequat, a quaternary ammenium compound has physiclogical
effects on the plant, It causes decreased rate of cell dlvision
in the apical meristem and decreased cell elongatlon immedlately
below the apical meristem (15). lChlormequat also inhiblts
glbhberellin synthesls by interupting the conversion of geranylgeranyl
pyrophoaphate to copalyl pyrophosphate., This may be reversed by the
addition of GA3' It can also inhibit sterol synthesis in tobacco,
vhich may be counteracted by the addition of GA3' (& sl toaterol,

stigmasterol, and cholestrol (25).

Begonia HElatior Hybrids

The Begonia Elatlor hybrids (Begonla X hiemalls Fotsch. ) or

risger begonlas are a group of plants developed by pollinating

Begonia X tuberhybrida Voss., with Begonla socotrana Hook. .

These hybrids combined the large cclorful flowers of Begonia X

tuberhybrida Voss. and the winter flowering habit of Begonia socotrana

Hook. fo (9, 14), Rleger begonias are used for year-round pot plant
vroductien and have increased in popularity since their introduction

into the United 3tates by J.C, Mikkelsen (13). They may be used in



any seéson, and are currently in use in Europe for autumn festivals,
Chrisimas, St. Valentines Day, and Mother's Day. Unllke the
poinsettia and Baster lily, rleger begonlas sre stlll marketable
pvea after the hollday perlod.. It has been suggested that in the
Spring, rieger begonias have a double value, as a Mother's Day pot
plant and & plant that may be placed outsides in a shady area to bloom
all summer (29),

The rleger begonla group has many named cultivars with flower
colors ranging form pink to white, red, orange, or yellow. The

flovwers may be single, doubls, ox semi-double (1&4),

Rleger Elatior Begonla 'Northern Sunset'

Northern Sunset is a cultivar of the Rieger Elatlor strain
developed by the Ormamentals Reseérch Service in Ontarie, Canada
{20). 8ince the rieger hybrids are sterile triploids, x-ray
treatment was used to Induce mutations of the rieger strain,
Nerthern Sunset, a seml-double mutation, was developed from
Renaissance a slngle flowered scarlet cultivar,

Northern Sunset grows from 25-30 cm high, and has large,
(15x9 cm) shiny, double~serrate leaves, The flowers are described as
semi-double (16 petals per flower compared to 10 per flower for
Renaissance) with Emplre Rose petals shaded darker at the tips.
Petalolids are flushed with varlous shades of ysllow, The flowers
average 5 cm in dlameter and have lovely golden colored stamens.
Northern Sunset will flower profusely when exposed to at least 3
weeks of short days (10 hours), It is well suited for a pot

plant and is resistant to powdery mildew,



Chemical Helght Control of the Rieger Begonia

Chemlcal height control of the rieger begonia ls necessary
under certain environmental conditions. Growth regulation is nseded
when plants are closely spaced and during the growlng season from
Spring to Fall (1, 19), Currently, 0.15% ai. chlormequat sprays
are recommended for height reduction (1, 13, 16, 19). Ancymidol
drenches have also heen proved to be effective at 0,125 m&/POt
(13,°16). Under low light conditiouns ancymidol drenches at
0.062 mg/pot have been effective for height reduction(16).

SAIH sprays at 0,125, 0,250, and 0,500% were ineffective as a growth
retardant for the rieger begenia (16). Dikegulac, a systemlc growth
regulator has been recommended for testing as a growth retardant on

rieger begonias as a 0.05, 0,10, and 0,16% spray (4).

Angel Wing Begonia

Angel wing begonia (14) (Begonia corallina Carriere,) is an

old standard house plant which has received little interest from the
selentiflc community, It 1s characterized by its vigorous caney stems
growing from 2.4 to 3.0 meters tall., These cane-like stems often
require support. The angel wing begonia has shiny green lanceolate
leaves with white spots on top. The underside of the leaf is red

turning green toward the margin. 3Bemonla corallina Carriere. bears

coral-red flowers on pendulcus racemes.



1.

2

b,

LITERATURE CITED

Anonymous. 1979, Production Procedures for Hiemalls

Begonias, Mlkkelaens Inc., P.0. Box 1536, Ashtabula, CH,

Anouymous. 1959. Physiological effects of a novel plant
growth regulator Atrinalﬁ on ornamentals, Maag Agrochemicals

Research and Development HLR Sciences, Inc., Vero Beach, FL,

Arzee, T., H. Langenauer, and J, Gressel, 1977, Effects of
dikegulac, a new growth regulator, on apical growth and

development of three Compositae. Bot. Gaz. 138:18-28,
Bagley, R.W, April 25, 1979. Personal Communication.

Bocion, P.F, and W.H, DeSilva., 1976. Some effects of dikegulac
on the physiology of whole plants and tissues; interactions
with plant hormones, pages 189-198 In P,E, Pilet (ed.)

Plant Growth Regulation., 1976, Springer—?erlag. New Toxrk, NY.

BbCﬂ.On, PlFl’ W.H. D&Silva, HIHI H&lther, and HlRt Gmf. 197?.
Versuche mit Atrinal Bel Gerbera, Cyclamen, Begonien, und

Fuchsien, (in German, English Summary) Garinerborse und

Gartenwelt 27:634-6136,

Carlson, W. and Carpenter, 1976, A look at seed geranium

varieties, Amer. Veg. Grower 24:26, 30,




10,

il

12,

13.

1,

15.

DeSilva, W.H., P.F. Bocion, and H.R, Walther, 1976,
Chemical pinching of azalea with dlkegulac. HortScience 11:

569"570 .

Doorenbos, J. 1978. 3Sreeding 'Iletior'-Begonias (B, X

hiemalis Fotsch.). Acta Hort, 31:127-132.

Hield, H.,, R.M. Sachs, and S, Hemstreet. 1978, Follar spray
and bark banding with dikegulac for ornamental tree gruwth

inhibiticn. HortScience 13:LA40-442,

Hodge, F.M, and J.V., Morgan. 1978, Chemical inductlon of

exillaxy bud development in Fleus elastica robusta, Acia Hort,

Howard, Edgar., January 21, 1920. Personal Communication,

Holeomb, J. 1979. Growlng rieger begonias from terminal

cuttings, Flor, Rev, 164; 26-27, 72,

Hortus Third, 1976, Macmillan Publishing Co., Inc.,

New York, HY,

Laurie, A., D.C. Kiplinger, and K.S. Nelson, 1969. Commercial

Flower Forcing, 7th edition. McGraw Hill Book Co,., St. Louis, M.




16,

17.

18+

19'

21.

23

Krauskopf, D.M. and P,V. Nelson, 1976. Chemical height control

of Reiger Elatlor Begonia. J. Amer. Soc, of Hort. Sci.

101f 618"619-

Malstrom, H.L. and J,L. McMeans, 1977. A chemical method of

pruning young pecan trees, HortScilence 12: 68-69,

Menhenett, R, 1977. A comparison of the effects of a new
quaternary ammonium growth retardant with those of other growth

retarding chemicala on the pot chrysanthemun., Ann, Appl. Blo.

8?: -'-;-51-463.

Mikkelsen, James, 1974, Siuplified instructions for Rieger

elatlor begonla growth, Flor., Rev, 153: 36, 71-78.

Molnar, J.M. 1976. Rieger Elatiosr begonia cv. Northern Sunset.

Can,.J, Plant Sci. 561 1003,

Morrison, R.T. and R.N, Boyd, 1973. Organic Chemistry, 3rd

edition, Allyn and Bacon, Inc., Boston, MA,

Parups, E.V, and W.E. Cordukes., 1977. Growth of turfgraases

as affected by Atrinal and Embark, HortSclience 12: 258-259,

Plant Growth Regulator Handbook Committee. 1977. Plant Growth

fegulator Handbook. Great Western Sugar Company, Agriculture

Research Center, Sugar MI1l HRd., Longmont, CO,



25-

29.

10
Sachs, R.M., 4., Hield, and J, DeBis, 1975. Dikegulac ¢ A
promising new follar-applied growth regulator for woody

specles, HortSecience 101 367-369,

Salisbury, F, and Ross, C. 1978. Plant Physiology, 2nd edition.,

Wadsworth Publishing Co., Inc., Belmont, CA,

Shanks, J. March 28, 1980, Personal Communication,

Simmonds, J.A,, and B.G. Cumning. 1977. Bulb-dip application
of growth-regulating chemicals for inhlbiting stem elongation

of 'Enchaatment' and 'Harmony' 1illles. Sci. Hort, 6: 71-81.

Tila, By, S. Ohpanaylkool, and J. Buxton, 1976, Comparison

of soil applied growth regulators on helght control of poinsettia,

Hort3Sclence 11; 373-374,

Wnite, J.W., ¥+ Holcowb, and T. Maczko. 1973, Rieger elatior

begonia research at Penn State. Flor., Rev., 1 32-34,



MANUSCRIPT
This manuscript is written in the style of and

for publication in HortScience.

12



12
Growth of Two Begonia 3pecles as Influenced by Hand Pinching and

Two Growth Regulatorsi

-
W.Hs Agnew and R.W, Campbell”™

Dervartment of Hor‘tic_ulturej Kansas State University, Hanhatian,

KS 66506

Additional index words: Atrinal, Cycocel, growth regulator,

echemical pinching agent, rieger begonia, angel wing begonia

asbgtract. Aqueous solutions of dikegulac (sodium 2,314,6~-
di«O~1soprcpylidenamz—ketn-L-gulon;te) treatments sprayed on Begonla

X hiemalis 'Northern Sunset' and Begonia corallina in combination with

hand pipching were compared to selected chlormequat ({Z-chlorosthyl)
trimethyl ammonium chléxide) treatments, 3ingle applications of

dikegulac at 0,10 and 0,16% active ingredient rsduced internode length

and lncreased stem number, which resulted in a bushy, compact Northern
Junset plant; Double spray applications of 0.1C and 0.16% and single
applications in combinetion with a hand pinch produced a plant of inferior
quality. Generally, chlormequat treated plants produced more flewers than
dlkegulac treated Northern Sunset plants. Dikegulac and chlormequat

treatments had little effsct on Begonla corallina.

L Received for publication "

Comtridution No, __ -J of the Kansas Agricultural Experiment

Station, Fansas State Unlversity, Manhattan, KS 66506,

2 traduate student and professor,
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Begonias are used by hortlculturalists as foliage and flowering

rot plants, Begonia X hlemalis Fotech,, the rieger begonia, is

currently produced year-round and sold as a flowering pot plant

in the florist trade. In contrast, Begonia corallina Carrilere.,

the angel wing begonla, has received 1little commercial intersst from
the professional horticulturalist; but has continued to be a

favorite house plant of amateur horticuliuralists., The rleger

begonia is valued for its glossy dark green follage and profuse

flower clusters, The angel wing begonla ls characterized by its shiny
green lanceolate leaves with white spots on top and red undersides,

and coral-red flowers borne on pendulous racemes (4), Production

of these plants requires pinching to prevent excessive elongation and to
stimulate lateral growth.

Dikegulac (sodium 2,3:4,6-di-O-isopropylidene-2-keto~L-gulonate
(Atrinalﬁ)) has shown potential as a pinching agent and growth
retardant of woody and herbaceous ornamentals. Prevention of sheoot
elongation on ssx_reral trees and shrubs for more than 3 months was
achieved with dikegulac (7). Inhibition of flower and fruit set
of ornamentals was reported with dikegulac {1). Under commercial
growing conditiens, dlkegulac inhlbited apical dominance and promoted
axillary shoot production of 4 azalea cultivars (3)., Dikegulac

increased flower production in Gerbera jamesonii and Cyclamen persicum

and axlllary shoots in Begonia X hiemalis and Fuchia X hybrida (2).

Chlormequat (2-chloroethy) trimethyl ammonium chloride (Cycocelﬁ))
has been used for growth regrlatlion on several horticultural Crops,
Primary use of chlormequat is for height reduction of red poinsettias
(6). It also aids in the production of early budded, well shaped azalea

plants (6). Currently, 0.15% active ingredient chlormequat sprays are
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recommended for height reduction of the rieger begonia (5).
The purpose of thils study is to evaluate the effects of dikegulac,

a new growth retardant, with those of chlormequat, the growth
retardant currently In use with begonias, Treatments including
sprays in combination with a hand plnch will alsoc be evaluated,

_ Aqueous solutlions of diksgulac were sprayed once at 0,05,
0,10, and 0,16%, twice at 0.05, 0.10, and 0.16%, and once at 0.05,
6.10, and 0.16% in combination with a hand pinch (All concentrations
ars presented in % active ingredient.). These were compared with
aqueous solutions of chlormequat sprayed once at 0.15% and sprayed once
at 0,15% in combination with a2 hand plnch. Spray treatments were
applied until run-off with a 1,2 liter hand pump sprayer, The
single spray application, the first spray of the double spray
applications, and the hand pinch wers done on September 2, 1979.
The second spray of the double spray applicatiion was made on Sept-
ember 30, Chlormequat and dikegulac treatments were compared with
control and hand pinch treatments.

Begonia X hiemalls 'Northern Sunset’ and Begonia corallina

plants, were transplanted into 15.2 cm plastic azalea pots fllled
with a mixture of fibrous peaticoarse perlite:field soil (12:5:3).
The media was amended with 2,27 k&/n” dolomite and 9 g/pot of timed
release fertilizer (14-6,0-5.9), These plants were located on a
wire bench, speced on 30,0 cm centers, and arranged in 5 rows, Each
rowWw was a block and contained 13 randomlzed treatments. Data was
analyzed by SAS computer analysls system which produced ANOVA tables
and Duncan's multiple range test at the 5% level., Fifty percent
shade cloth covered all the plants from transplanting until

October 15. ©Shade cloth was drawn over the Begonla X hlemalis




plants from 7FM to 7AM from Seplember 2 to September 30, tc insure

flower initiation.

Height and {lower number for Begonia X hiemalis and helght

and leaf numbsr for Begonia corallina were recorded weekly,

Diameter measurements vere taken svery 2 weeks on Begonia X
hlemalls, Visual ratings were taken every 2 weeks on both spaecies,
Plants were scored from O to 10, O indicating a dead plant and 10
indieating an excellent plant, Scores were based on the following
characteristics: 1) color of leaves (to indicate chlorosis), 2)
general vigor, 3) amount of damage from spray applications, and

4) shape (compactness), On November 18 average internode length

measurenents Were taken, shoots were removed and dried for

48 hours at 65°C and weighted, Roots of Begonia corallina were
z)s0 removed and dried,

Dikegulac treated Northern Sunset plants exhibited a brief
period of interveinal chlorosls one week after spraying, lasting

approximately one week, Table 1 presents data for average internode

length, height, stem number, and flower number for Begonia X hiemalis

'Northern Sunset’, Shortened interncdes compress the foliage into a
smaller area and results in a more compact plant, All treated
Northern Sunset mnlants, except those receiving a 0,05% dikegulac
spray in combinatlon with a hand pinch, had shorter interncdes than
the control plants. Plants receiving chlormequat at 0.15% in
combination with a hand pinch had internodes that were L0%

longer than those sprayed wlith dikegulac at 0.16% in combination
with a hand pinch. WNone of the treated plants differed in height
from the control plants, However, Northern Sunset plants sprayed

with dikegulac at 0.16% in combination with a hand pinch were 20%

18
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shorter than those sprayed with chlormequat at 0.15% in combination
with a hand pinch; Incrmeaing stem number produces a fuller more
attractive plant, Northern Sunset plants treated with single
spray applications of dikegulac at 0.10 and 0,16% increased stem
number by 3,0 and 4.3 times reaspectively. Thias demonatrated dikegulac's
abllity to eliminate apical dominance and stimulate axillary buds, as
these stems originéted from axillary buds below the scil surface., As the
concentration for single spray applications of dikegulac increased so did
the stem number, but as the concentratlion increased for repeated spray
#pplications and single applicatlons in combination with a hand pinch
increased, stem number decreased. Treated plants did not differ in
flover number from the control. Chlormequat treated plants preduced more
flowers than those sprayed with dikegulac. For all dikegulac treatments,
as the concentratlon increased, flower number decreased,

Table 2 presents data for shoot dry weight, visual ratings, and plant

diameter measurements of Begonla X hismalis 'Northemn Sunset'. None of

the treated plants differed in shoot dry weight from the control.
Plant quality increased with an increase in visual ratings. Treated
plants did not differ In visual ratings from the control. As dikegulac
concentrations increased for all types of dikegulac treatments, visual
quality ratings decreased. Treated plants did not differ in plant
diameter from the contrel. In general, as diﬁegulac concentraiiona
increased for single applications diameter increased, Conversely,
as dikegulac concentrations increased for double applications and
single applications in combination with a hand pinch diamster
decreased,

Table 3 presents data for height and internocde length of

Begonia corallina, Treated Begonia corallina plants did not differ
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in height from the control planta, ¥hen comparing dikegulac and chlormequat
treeted plants, singls sprays of chlormequat at 0.15% produced
shortar plants than single sprays of dikegulac at 0,05, 0,10, and
0,16%., Treated plants did not differ in internode lsngth from the
sontrel, however, the hand pinched plants had longer internodes
than the sprayed plants,

Hone of the treated Bagonla corallina plants differed in

shoot dry welght, root dry weight, leaf number or visual ratings
from the control plants,
In conclusion, it appears that dikegulac alters the nature

of growth of Bagonis X hlemalls ‘'Northern Sunset’, not the ampunt,

Thils study suggests that concenitratlons of dikegulac sprayed
once at the rates of 0,10 and 0.16% to be most effective for pro-
ducing a good quality plant, These concesntrations reduced inter-
nods length and Increased stew number, which rasulted in a bushy,
compact plant, Flants receiving repeat appllcations of 0.10
and 0,16% spray and single applications in combination with a
hand pinch were inferier in guality.

Dkegulac and chlormequat treatments had little effect on

Begonla corallina,. ¥hen comparing dikegulac and chlormequat treatments,

single applicatlions of chlormeguat at 0.,15% produced shorter plants
than single sprays of dikemulac at 0.05, 0.10, and 0,16%, Since

all treated plants did not differ from the control, olie can conclude
that higher concentrallons of dikegulac and chlormequat are required

for the production of a compact angel wing begonia,
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Aquecus solutions of dikegulac (sodium 2,3:4,6~d1-0-

1sopropylidene-2-keto-L-gulonate) treatments sprayed on Begonia

X hiemalis 'Northern Sunset' and Begonia corallina in combination with
hand pinching were compared to selected chlormequat ((2~chloroethyl)
trimethyl ammonjum chlorida) treatments. Single applications of
diksgulac at 0,10 and 0,16% active ingredient reduced internode length
and increased stem number, which resulted in a bushy, compact Northern
Sunset plant. Double spray applicatlons of 0,10 and 0,16 and single
applications in combination with a hand pinch produced a plent of
inferior quality. Generally, chlormequat treated plants produced more
flowers than dikegulac treated Northern Sunset plants, Dikegulac and

chlormequat treatments had 1ittle effect on Begonia corallina,

It was concluded that dlkegulac affected the nature not the amount

of growth of Begonia X hiemalis ‘Northern Sunset' and that higher

concentrations of dlkegulac and chlormequat should be considered for

nee on Bagonls corallina,




