GROWTH REGULATORS

HorTScience 35(2):226—229. 2000. ‘Valencia’ and the effect of fruit maturity on
. . . abscission response.
Recently, Wilcox and Taylor (1996, 1997)
S eaSO n al Varl atl O n I n th e R eS po n Se Of reported that sulfonylureas and imidazolinones
have abscission activity on citrus fruit. These

‘ValenC|a’ Orange tO TWO AbSCISSIOn compounds can be used at relatively low ap-

plication rates and are registered for herbicidal

COm pOu ndS use on many agronomic crops. We reported

that high temperatures adversely affected per-

U. Hartmond, J.D. Whitney, J.K. Burns, and W.J. Kendet formance of these compounds in citrus and
. . . : . . .. that applications in solutions with low pH
University of Florida, Institute for Food and Agricultural Sciences, Citriy3. o sed fruit ethylene production (Burns et

Research and Education Center, 700 Experiment Station Road, Lake Aliredggg). we also tested the response of a

FL 33850-2299 wide range of citrus cultivars to metsulfuron-

B ] ) ) ) o ) methyl (a sulfonylurea) and demonstrated the
Additional index wordsbloom, Citrus sinensisCMN-pyrazole, defoliation, fruit detach- potential for utilizing this compound for ab-
ment force, mechanical harvest, metsulfuron-methyl, phytotoxicity scission (Kender et al., 1999).

In this study, a series of field tests were
conducted to examine the effect of metsulfuron-
methyl on abscission and phytotoxicity of
‘Valencia’ orange fruit and trees throughout
othe harvest season. In a separate test, we com-

ﬁared fruitremoval with amechanical harvest-
ing system (trunk shaker) on trees sprayed
with metsulfuron-methyl with that of trees
sprayed with CMN-pyrazole before, during,
and after the “less-responsive period.”

Abstract. Two field studies were conducted to evaluate the effect of metsulfuron-methyl
and 5-chloro-3-methyl-4-nitro-1H-pyrazole (CMN-pyrazole) on abscission of ‘Valencia’
orange [Citrus sinensis(L.) Osbeck] during the 3-month harvest season. Solutions of
metsulfuron-methyl at 0.5, 1, and 2 mg-t* active ingredient (a.i.) were applied at 10-day
intervals beginning on 13 Feb. and ending 18 May 1998. Early in the harvest season, 1
2 mg-L metsulfuron-methyl significantly reduced fruit detachment force (FDF) 14 days
after application. Metsulfuron-methyl was less effective during a 4- to 6-week period
following bloom (“less-responsive period”). After this period, metsulfuron-methyl re-
gained the ability to loosen fruit. Applications of 2 mg-L! a.i. were more effective than 1
mg-Ltin reducing FDF and causing leaf drop, but 0.5 mg-£a.i. had little or no effect on
FDF. Flowers and leaflets on developing shoots and young fruit completely abscised with )
1 and 2 mg-I=* a.i. Defoliation and twig dieback was extensive at all concentrations and Materials and Methods
spray dates, eliminating metsulfuron-methyl as a commercially viable abscission agent for
citrus. In a separate experiment CMN-pyrazole at 50 and 100 mg-la.i. and metsulfuron- ducted with ‘Valencia’ orange trees in aroves
methyl at 0.5 mg-L- a.i. were applied to ‘Valencia' trees to determine fruit removal with at the Citrus Research andgEducationgCenter
atrunk shake and catch harvesting system. Application of both abscission materials beforeLake Alfred, Fla., during the 1998 harvest !
and after the “less-responsive period” resulted in a 10% to 12% increase in fruit removal season Trées v;/’ere rown on Sour orange
when compared to control trees. Less than a 35% reduction in FDF was sufficient to rootstoék in Candler fir?e sand soil at 4.5<m 9
significantly increase fruit removal. Only 100 mg-L! a.i. CMN-pyrazole significantly 6.0-m spacing (358 trees/ha) '
increased fruit removal when applied during the “less-responsive period.” Chemical ™ In thg firstgseries of tests é_ ear-old trees
names used: Methyl-2-(((((4-Methoxy-6-Methyl-1,3,5-Triazin-2-yl)-Amino)Carbonyl) . h ies 3 m in hei ht gnd 57 min
Amino)Sulfonyl)Benzene (Metsulfuron-methyl); 5-Chloro-3-methyl-4-nitro-1H-pyrazole \év.'t canopies 5 m in neignt .
iameter, yielding 80 kg of fruit, were sprayed

(CMN-pyrazole). with metsulfuron-methyl (Ally®, Dupont Co.,
Wilmington, Del.). We used a 50-L field
The use of abscission materials to aid ifaction, CMN-pyrazole was never registeredprayer (R&D Sprayers, Opelousas, La.)
mechanical harvesting of citrus destined fofor use, largely because of economic concernsquipped with a 2-m spray boom (six nozzles,
juice processing has been tested for two dend was subsequently abandoned. A satisfaiwtal output of 3.3 L-mifd), which was held
cades with varying success (Brown, 1998ory abscission material for citrus has not beewvertical while encircling the tree to ensure
Whitney and Harrell, 1989). Most compoundsieveloped and marketed. uniform spray coverage. Starting on 13 Feb.
gave inconsistent fruit loosening or caused The success of an abscission chemical fand ending on 18 May 1998, spray solutions
unacceptable losses of leaves, flowers, argitrus is dependent on its ability to selectivelyere applied at a rate of 5 L/tree (1850 Eha
young fruits (Whitney, 1995). One compound|oosen mature fruit with minimal phytotoxic at concentrations of 0 (control) or 2 mg:L
5-chloro-3-methyl-4-nitro-H-pyrazole effects. This is particularly important for Tests were conducted at 10-d intervals, spray-
(CMN-pyrazole, ‘Release’, Abbott Laborato-‘Valencia’, a widely grown, late-season, pro-ng three replicate trees per treatment on each
ries, Chicago) was extensively tested in theessing variety. The harvesting season fatate. A total of 10 spray treatments were
earlier Florida citrus abscission program (Biggévalencia’ fruit usually begins in February applied during the harvest season. After ob-
and Kossuth, 1980; Holm and Wilson, 1977)and extends through May. During this timeserving excessive phytotoxicity with the 2
It was selective for mature fruit, caused na@rowing shoots, flowers, and young developmg-L-! treatment, concentrations of 1 and 0.5
canopy injury and loosened fruit within 3 to 5ing fruit are found on trees at the same timang-L* were added starting 16 Mar. and 17
d of application. Despite this favorable modeAbscission materials for use on ‘Valencia’Apr., respectively. All spray solutionsincluded
must not injure young fruit and tender tissue8.125% of the adjuvant Kinetic® (proprietary
Received for publication 19 Jan. 1999. Accepted foassociated with flowering and new growth. Irmix of 25% organosilicone and 75% nonionic
publication 9 Aug. 1999. Florida Agricultural Ex- addition, mature ‘Valencia’ fruit become lessoil; Setre Chemical Co., Memphis, Tenn.) and
periment Station, Journal Series No. R-06721. Fundesponsive to abscission materials shortly afvere buffered with Buffer Xtra Strength®
ing for this study was provided in part by the Floridger bloom (Wheaton et al., 1977). This “less{proprietary mix of organic phosphatic acids,
Dept. of Citrus. We gratefully acknowledge the techresponsive period” may last for 2 to 6 weeksSetre Chemical Co.) to adjust the pH to 6.5.

nical assistance of Angela Grant, Wu Houjiu, Karef, ot ations in fruit detachment force (FDF)  Before treatment, the ground under each

ﬁglrslfg_nfﬁ : 202? Z;%mféﬂi%fﬁgdpﬁglgvﬂse deé(ffae;g%ccur throughout. the ‘Valencia’ harve_st seacanopy was cleared of plant deb_ris. Counts of
in part by the payment of page charges. Under posP" (Holm and Wilson, 1977), suggesting thanature fruit drop were taken twice per week
regulations, this paper therefore must be herepyult maturity may play a role in response tdor 3 weeks following spray application. All

markedadvertisemengolely to indicate this fact. ~ abscission materials. To be commercially useemaining fruitwere harvested 21 d after spray-
To whom reprint requests should be addressed (&4, an abscission material must overcome thiag to determine yield and percentage of fruit

mail: kender@Ial.ufl.edu). “less-responsive period” after bloom indrop. Leaf loss was determined by weighing

Two sets of field experiments were con-
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leaf material accumulated under trees after 21 10
d. Overall injury to the canopy (defoliation

and twig dieback) was graded visually 21 and 8t
60 d after application using a scale from 0 (no
injury) to 10 (representing 100% defoliation).

Spray effects on the new developing crop
(fruit set and immature fruit loss) were rated
60 d after spray by estimating crop load rela-
tive to the full crop on the control. The FDF b
was measured weekly using a Force Five pull-
force gauge (Wagner Inst., Greenwich, Conn.)
on a sample of 10 fruit clipped from each tree.

FOF (kg)

50 F

To account for preharvest fruit drop, we calcu- £
lated a weighted average from the measured o lr
FDF (in kilograms) for on-tree fruit and mean £ wf
fruit weight for the proportion of fruit that had S
dropped. 2 207

In the second set of experiments, we tested 2 0t
the effects of metsulfuron-methyl and CMN- = - /9-——9—":‘3
pyrazole on fruit removal with a mechanical °r - X . ‘ ) ,
harvesting system. Ten-year-old trees (3.6 m G 4 7 10 14 17 21
in height, 3 m in diameter, 200-kg yield) were e
sprayed with metsulfuron-methyl at 0 or 0.5 Day after application

mg-L* a.i.,, or CMN-pyrazole at 50 or 100 o ) )
mg-L a.i. Solutions included the adjuvantF'g- 1. A) Reduction in fruit detachment force (FDF), aB)l ¢umulative percentage of mature fruit drop

and buffer. On 15 Apr., 1 May, and 18 May following applicatiorj of metsulfuron-methyl. Valencia trees were spr_ayed w_ith metsulfuron- methyl ai
1998, a gas-powered, single-nozzle handgun 0, 0.5, 1, and 2 mg-tat 1870 L-ha at the onset of the less-responsive period (17 Apr. 1998). Bars

sprayer was used to apply 19 L per tree (7000 indicatese
L-ha?) of spray solution to three replicate trees
per treatment on each date. Fruit drop was
monitored to determine optimal harvesting
time for each treatment to avoid significant
preharvest drop. The FDF was measured prior
to harvest 3 to 10 d after spraying. Trees were
mechanically harvested with an experimental
Compton monoboom trunk shaker (Compton
Enterprises, Chico, Calif.) operated for5s at 6
Hz and 4.5 cm displacement. Fruit removal ]

. . . 9 flush fruitset flush
was determined by comparing the weight of e LT
fruit that was dropped by the shaker to that of 1 Fen 1 Mar 1 Apr 1 May 1 4un
fruit remaining on the tree. The number of
immature fruit lost due to shaking was re- Date
corded. Leafloss and canopy injury was deter-

mined vi Il week r spr licaFi9: 2.°Brix, °Brix to % acid ratio, and timing of vegetative and reproductive events during the ‘Valencia’
ed visually 3 weeks after spray applica harvest season in Lake Alfred, Fla., 1998.

tions.

In all experiments, fruit maturity was mea-
sured at application time using standard juice
analysis procedures for soluble solids (hand
refractometer) and titratable acids (Wardowski
et al., 1995).

Data were computed and, when applicable,
transformed or correlated using MS-Excel®
spreadsheet functions (Microsoft, Redmond, 2
Wash.). Analysis of variance of each experi-

—e— °Brix o
145 G-+ BrixAcid ratio

Brix:acid ratio

1} s g

° Brix,

10~ bloom

FDF (kg)

ment and regressions were performed using o
the GLM and REG procedures of the SAS
statistical package (SAS Institute, Cary, N.C.). B
Means were separated by Duncan’s multiple N 801
range test & < 0.05. 5 el
'? —e— Control
Results @ 4} [—o— 05mgl’
2 —a— {mgl’
Fruit loosening and fruit dropAfter appli- Z wf [ 2mel!
cation of metsulfuron-methyl, reduction of
FDF and increase in fruit drop generally fol- 0 T o o *‘ 5
lowed the pattern shown in Fig. 1. Significant CLAPR LU g - S < N
reduction in FDF was measured 7 d after ST T e T T e
application of either 0.5, 1.0, or 2.0 mg-L Date of application

(Fig. 1A). The FDF continued to decrease
throughout the 3-week period and differencesig. 3. Effect of application time and concentration of metsulfuron-methyApfrit detachment force
were most striking 14 d after application of 2.0 (FDF) after 14 d, and8) cumulative percentage of mature fruit drop after 21 d. Bars indieate
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GROWTH REGULATORS

mg-L% In general, increasing amounts of
metsulfuron-methyl resulted in greater reduc-
tion in FDF 14 d after application. Reduction

in FDF did not change significantly between
14 and 21 d after application. The increase in
percent cumulative fruit drop (Fig. 1B) fol-

lowed the decrease in FDF. Cumulative fruit
drop 14, 17, and 21 d after application in- o b
creased with the concentration of metsulfuron-

Y ©
>

Leaf drop (kg dry wt)

methyl applied. & 100t B
Maturity effectsBrix/acid ratio increased 5 st

from late March to mid May (Fig. 2). During £ el

this period, two cycles of flushing shoots were 3 a0l

observed beginning in early March and early g a0 b Q\o/\o

May. Bloom was extended over >3 weeks § 0 ./.———0\‘,/.\,\/\,

beginning in mid-March, after which fruit set

and young fruit development began. 00 A Ay A, C

—a— Controt

Over the 3-month harvest season, trees
responded variably to metsulfuron-methyl (Fig.
3). Prior to and during bloom, 2 mg*lappli-
cations reduced FDF to <20% of that of the
control 14 d after application, and 70% to 90%
of the mature fruit dropped within a 3-week or | TTo—o——pe
period. After fruit set began, 2 mgtbecame RN T VR T SO TR
less effective at reducing FDF (Fig. 3A) and & mﬁ('éo‘a‘@ W e e
inducing abscission (dropping fruit) (Fig. 3B).
After the 8 May application, fruit abscissionin
response to 2 mg-Limproved again. Reduc- Fig. 4. Effect of application time and concentration of metsulfuron-methyApie&f drop after 21 d, and
tion in effeg:nveness after bIoom was _also on (B) estimated canopy defoliation ar@))(crop load (young fruit) after 60 d. Bars i)(indicatese.
observed with 1.0 mg-t, and abscission im-

proved by the last application date (Fig. 3 Arable 1. Effect of metsulfuron-methyl or CMN-pyrazole (7000 t3)ten fruit detachment forces (FDF),

80|
o
40|
20

Crop load {%)

g g
i %\:\ @*

Date of application

and B). Applications of 0.5 mg-Lwere not and removal of mature and young ‘Valencia’ orange fruit with a trunk shaker during the harvest season

effective in reducing FDF or increasing fruit  of 1998 in Lake Alfred, Fla.
drop.
Phytotoxicity, nonspecificity and “less-re-

Mature fruit Young fruit

f PR At Spray Harvest Concn FDF removal removal
sponisllve period-Application of l.O_an(_:i ZZQ date date Treatment (mg¥) (kg) (%) (No./tree)
mg- L metsulfuron-methyl resulted in signifi- 15 Apr 20 Apr Control 1033 8560 el
cant leaf drop (Fig. 4A). Defoliation became ' 24 Apr.  Metsulfuron-n. 0.5 8.59 b 95.8a nd
evident 10 to 14 d after application and contin- 20 Apr. CMN-pyrazole 50 5.04 C 93.8 ab nd
ued well past 21 d (Fig. 4 B). Leaf loss was 20 Apr.  CMN-pyrazole 100 2.14d 98.7a nd
greater when trees were sprayed before blooT'May 7 May Control 104 a 87.8b 17b
After this date, metsulfuron-methyl-induced 12May  Metsulfuron-m. 05 103a 83.2 b 42 a
leaf drop decreased, but increased again with 7 May CMN-pyrazole 50 9.48 a 875b 19b
the Ie}st two spray a}ppllcatlonjs. AIthoug_h sub- 7 May CMN-pyrazole 100 7.80b 95.3a 18b
stantially less defoliation was induced with 0.5 g ;5 21May  Control 105a 797 b 35a
mg-L, leaf loss remained greater than in the 22May  Metsulfuron-m. 0.5 8.04 b 88.1ab 22a
control. Twig dieback, progressing down from 21 May CMN-pyrazole 50 6.85b 92.4a 19a
the apical bud, was observed with all 21 May CMN-pyrazole 100 2.84c 955a 36a

metsulfuron-methyl applications but was mosiyiean separation of data within columns and experiments by Duncan’s multiple rang® et @s
severe with applications of 1.0 and 2.0 my-L yNot determined prior to fruit set.
(data not shown). *Metsulfuron-methyl.
When 2.0 mg-t* was applied to trees be-
fore flowering, subsequent fruit setwas stronglyvith a trunk shaker was significantly improved Discussion
reduced, resulting in >40% crop reductiorby 50 and 100 mg-£ CMN-pyrazole when
(Fig. 4C). Applications of 2.0 or 1.0 mg*L compared to control trees (Table 1). Applica- Metsulfuron-methyl was very effective in
during bloom resulted in complete floral abtion of 0.5 mg-E! metsulfuron-methyl in- loosening mature ‘Valencia’ fruit. The FDF
scission. After bloom, these treatments resultesteased fruit removal significantly only afterdecreased and fruit drop increased with con-
in near-complete abscission of young devekhe 15 Apr. application, despite the highecentration. Significant reductions in FDF and
oping fruit. Drop of young fruit was less af-amount of a.i. applied with 7000 L-hass. subsequent fruit drop occurred 10 to 14 d after
fected during the “less-responsive period,” but850 L-hat used in the first set of experimentsapplication. In contrast, reductions in FDF and
then increased following the later spray date§-he FDF was reduced with either abscissiofruit drop occurred within 3 to 5 d following
A similar trend in crop reduction was observeanaterial before (15 Apr.) or after (18 May) theapplications of CMN-pyrazole sprays (Holm
following 0.5 mg-L* metsulfuron-methyl. “less-responsive period.” After the 1 Mayand Wilson, 1977). Fruit ethylene production
In contrast to metsulfuron-methyl treat-application, significant reductions in FDF oc-associated with the abscission activity is also
ments, CMN-pyrazole treatments caused vergurred only when trees were sprayed with 106elayed with metsulfuron-methyl; treated fruit
little defoliation, no twig dieback, and no im-mg-L-* CMN-pyrazole. Despite large reduc-began producing ethylene 7 to 10 d after appli-
mature fruit abscission. Fruit on trees sprayetions in FDF in some cases, a 17% to 35%ation (Burns et al., 1999), whereas ethylene
with CMN-pyrazole had comparable or lowerdecrease was necessary to achieve the highpebduction began 2 to 3 d following CMN-
FDF values than those on trees treated with Ofuit removal using this mechanical harvespyrazole application (Holm and Wilson, 1977).
mg-L* metsulfuron-methyl (Table 1). system. Young fruit loss was generally low aRkate of fruit loosening induced by an abscis-
Mechanical fruit removalFruit removal a result of trunk shaking. sion material is an important consideration
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when implementing a successful abscissiosponse to wounding, as well as additional for ‘Valencia’ fruits. Proc. Florida State Hort.
management strategy. Longer periods betweenechanisms, such as steady accumulation of Soc. 93:301-305. )
application and optimum fruit loosening allowthe ethylene precursor methionine, may corBrown, G.K. 1998. Florida citrus can be mechani-
for harvest to be delayed by unpredictabléribute to fruit ethylene evolution. cally harvested. Amer. Soc. '?‘gr' Engl. meeting
weather conditions or other management fac- The effectiveness and reliability of me- glrﬁ;elgtggon No. 981091, Orlando, Fla., 12-16
tors, but may compromise er_lI'[ quallty._ chanical harvesting equipment hr_;lve |mprovegrown7 K.M. 1997. Ethylene and abscission. Physiol.
The FDF of untreated fruit was variable,over the last two decades (Whitney, 1995). pjant. 100:567—576.
but changed only slightly throughout the harThis prompted us to assess the benefit @urmns, J.K., U. Hartmond, and W.K. Kender. 1999.
vestseason (Fig. 3 A). Following some naturahetsulfuron-methyl on fruit recovery with  Acetolactate synthase inhibitors increase ethyl-
loosening associated with improving fruitthese systems. Excessive phytotoxicity asso- ene production and cause fruit drop in citrus.
maturity during Feb. and March (Fig. 2), FDFciated with 1 and 2 mg-teliminated these  HortScience 34:908-910.
of mature oranges increased slightly duringreatments as commercially viable and onl{'ark, R.K. and W.C. Wilson. 1975. The effect of
April and May. This effect was describedsprays of 0.5 mg-Emetsulfuron-methyl were sRe\feral adj,ur‘]"'f‘\’}tsl on the abSC|ss||Don acé'l"”}’do‘(
earlier as natural tightening that coincidesised to compare fruit removal with CMN- S;teeasH%:'t‘”tSoc eggplcg)%_ci%agge. roc. Horida
with fruit setand early developmentofthe nevpyrazple—treated trees. Without abscnssmBavie& P.J. 1995. The plant hormones: Their na-
crop (Clark and Wilson, 1975; Wheaton et al.materials, total fruit removal ranged between yre occurrence, and functions. In: P.J. Davies
1977). Response to metsulfuron-methyl var80% and 88%. Average fruit removal im-  (ed.). Plant hormones. Physiology, biochemis-
ied strongly, however. Applications of proved 10% to 12% when abscission materials try and molecular biology."?ed. Kluwer Aca-
metsulfuron-methyl prior to bloom markedlywere applied before and after the “less-respon- demic, Dordrecht, The Netherlands.
reduced FDF. Immediately after bloom,sive period.” Similar improvements in fruit Florida Agricultural Statistics Service. 1998. Citrus
metsulfuron-methyl became less effective atecovery were reported by Whitney et al. Summary 1996-1997. Orlando, Fla.
reducing FDF and increasing fruit drop. Thig1986), although loss of young developind"Ofge”bR" B. 'aa:eg"PSCJI‘“ttkel'A"KhK|°”“SzW' "
“less-responsive period” (Holm and Wilson,fruit significantly reduced subsequent yields iéﬁog’cg;e S)‘/'ntr']a:e :C%iwgifbugﬁfriiss'ce’?]ge
1976, 1977; Wheaton et al., 1977) persistedith some trunk shakers. In our study, shake . ivition. Plant Physiol. 107:469-477.
for 4 to 6 weeks after bloom. After this time,time was adjusted to 5 s and loss of youngoim, R.E. and W.C. Wilson. 1976. Loss in the
metsulfuron-methyl again became effective adeveloping fruitremained low. Only the appli-  capacity of ‘Valencia’ oranges treated with ab-
reducing FDF and increasing mature fruitdropcation of 100 mg-tt CMN-pyrazole was ef- scission materials to produce ethylene and fruit
Less drop of leaves and young fruit was alstective in increasing fruit removal during the loosening during the regreening period. Proc.
measured during the period following bloom;‘less- responsive period” (7.5%). Only a criti- ~ Florida State Hort. Soc. 89:35-38.
when shoots and fruit are developing on theal 17% to 35% reduction in FDF was necedd0im, R.E. and W.C. Wilson. 1977. Ethylene and
tree. Rapidly growing meristematic regionssary to significantly improve fruit removal; ~ fruitloosening from combinations of citrus ab-
and developing seeds are rich sources of auxiarther reductions in FDF had no effect. In ig’;?g%_cso;gpounds' J. Amer. Soc. Hort. Sci
(Davies, 1995)_, which reduces tht_a ability oﬂ99§3—97, the on-tree value of hand-harvestq@ender‘ W.J., U. Hartmond, and J.K. Burns. 1999.
organs to abscise when treated with ethylerfélorida processing oranges was $834 million gyt abscission and leaf drop in citrus cultivars
oran abscission material (Brown, 1997). Whe(Florida Agricultural Statistics Service, 1998).  treated with metsulfuron-methyl. HortTechnology
auxin concentrations fall below a critical level, A 10% to 12% reduction in fruitremoval using  9:412-416.
ethylene regains the ability to cause abscishis particular harvest system without abscig-aRossa, R.A. and J.V. Schloss. 1984. The sulfony-
sion. Plummer et al. (1991) measured largsion materials could mean a substantial loss of lurea herbicide sulfometuron is an extremely
concentrations of auxin and abscisic acid inevenue if mechanisms were not in place to Potent and selective inhibitor of acetolactate
‘Valencia’ leaves during the “less-responsiveecover the remaining fruit. Other harvest sys- scﬁ]mhaszesgzigc’g?'; typhimurium). Biol.
period” after bloom. This suggests that leveleems should be evaluated to determine tq_qumn?::'JA ™ G_Mullin.s and J.H. Vine. 1991
of hormones, particularly auxin, may influ-impact of abscission materials on their har- "~ go50nal é’har']gés in endogeno.us.ABA.and IAA
ence the sensitivity and response of citrus fruitesting efficiencies. and the influence of applied ABA and auxin in
and leaves to abscission materials during the Although metsulfuron-methyl was effec-  relation to shoot growth and abscission in
“less-responsive period.” Follow-up experi-tive in inducing abscission even during the ‘Valencia’ orangeCitrus sinensigL.) Osbeck].
ments are under way to determine auxin level$ess-responsive period” of harvest, problems J. Plant Growth Regul.10:139-151.
around the abscission zone and how they afvith specificity and phytotoxicity eliminate it Wardowski, W., J. Whigham, W. Grierson, and J.
fect fruit ethylene production in response tas a commercially viable abscission agent for Soule. 1995. Quality tests for Florida citrus.
CMN-pyrazole during that period. citrus. In follow-up work, we reduced theWhggtI:)/hFPXd?/vcgo\?\)iEétﬁ Sa?]r(;/.RBllEJI-HA(\)TI’;’?gl.;;%
Phytotoxicity, manifested as twig diebackconcentration to 0.25 mgLa.i. but were AbsciSsion resn \nd color chan f
.. . . . . ponse ana color changes o
and defoliation, was a _problem withunable to achieve acceptable fruit loosening. «giencia’ oranges. J. Amer. Soc. Hort. Sci.
metsulfuron-methyl applications throughoutin contrast, CMN-pyrazole loosened mature 102:580-583.
the harvest season. Sulfonylureas inhibifruit selectively and overcame the “less-reyhitney, J.D. 1995. A review of citrus harvesting in
acetolacetate synthase, a key enzyme in tiponsive period” at concentrations belowthose Florida. Proc. Citrus Eng. Conf. 41:33-60.
biosynthesis of branched chain amino acidgreviously reported (300-500 mg4LClark  Whitney, J.D., D.B. Churchill, and S.L. Hedden. 1986.
(LaRossa and Schloss, 1984), thereby aeénd Wilson, 1975). Although CMN-pyrazole A five-year study of orange removal with trunk
versely altering amino acid metabolismcontinues to be the most effective and selec- Shakers. Proc. Fla. State Hort. Soc. 99:40-44.
(Hofgen et al., 1995); thus, their import andive abscission material for citrus, it will prob- Whitney, J.D. and R.C. Harrell. 1989. Status of

incorporation into rapidly growing tissues,ably be used only for experimental purposes Zgr_gzggggsnng in Florida. J. Agr. Eng. Res.

such as branch termini, may be inhibitedbecause of toxicological concerns. Wilcox, M. and J.B. Taylor. 1996. Transfer: A new
Although citrus fruit treated with metsulfuron- abscission agent. Proc. Intl. Soc. Citricult.
methyl produce more ethylene (Burns et al., Literature Cited 2:1013-1016.

1999), the reason for this is unknown. The Wilcox, M. and J.B. Taylor. 1997. Citrus abscission

timing of ethylene production after sulfony-Biggs, R.H. and S.V. Kossuth. 1980. Modeling the  at very low application rates. Proc. Interamer.
lurea application suggests that a delayed re- effectiveness of Release as a citrus harvest aid Soc. Trop. Hort. 41:141-151.
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