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ABSTRACT

The study was to research the effects of exogenous salicylic acid (SA; 10,
20, and 40 mg/L) on flower dropping and fruit setting of Citrus unshiu and
NO.-N, soluble sugar, soluble protein, soluble starch, and non-structural
carbohydrate concentrations in leaves and ovary. The present results
showed that all the SA applications significantly decreased the flower
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dropping percentage but significantly increased thefruit setting percentage,
which were related to improvement of nutrition and carbohydrates in the
ovary caused by exogenous SA. Meanwhile, 20 mg/L SA displayed the

best regulated effects.

INTRODUCTION

Citrusisoneof theimportant fruit treesal around
theworld, includingin southernregionsof China. In
thefield, theflower dropping of citrusisrather seri-
ous, and thefruit setting percentage often rangesfrom
1% to ~5%, which extremely restricts production of
citrusfruits. Thereasonsarethetwo explains: (i) a
great deal of semidevel oped thin and misshapen flow-
ersduringflorescence, and (ii) bad environments, such
aslack illumination, high temperature, drought, wa-
terlogging, serious diseases, insect pests, etc. Asa
result, increase of floweringisimportant and urgentin
citrustrees.

Salicylic acid (SA) has been regarded as aplant
hormone because of itsroleinregulating metabolized
process, such asgrowth, development, ripeness, se-
nescence, etc.l). Many studies showed that SA can
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induceflowering of plantg?, affect sex differentiation,
and enhancefruit setting!¥. Exogenous SA treatment
with 100 mg/L concentration significantly increased fruit
setting of almond varieties “Luotuohuang” and
“Huaxiangjiexing”” during primary flowering!?. Applica:
tion of 2.5-10 mg/L SA significantly increased invitro
pollen vigor and fruit setting infield of applevariety
“Dangxia’®. Theseresultssuggest that SA represents
regul ated effectson amond and appletrees. However,
we do not know whether the SA effects occurred in
Citrusunshiu. In addition, screening an efficient SA
concentrationwill be urgent to apply to regul ateflower
dropping and fruit setting of C. unshiu.

Theaim of the present study wasto research the
effects of exogenous SA treatments on flower drop-
ping and fruit setting during flower of citrus. Theanaly-
ssof nutritiond statusof leavesand ovary wasto darify
thephysical mechanism.
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MATERIALSAND METHODS

Plant material

Plant materials selected the 22-year-old Citrus
unshiu cv. Guoging No. 1 grafted on Poncirus
trifoliata L. Raf., which were planted in citrusorchard
of Yangtze University (30°362 N, 112°142 E),
Jingzhou, China. The areahasthe North subtropical
humid monsoon climate, with four distinct seasons,
plenty of rain, suitablelight, and along frost-free pe-
riod. Theannual total radiationis4367-4576 MJ/m,
the annual sunshine hour 1823-1987 h, the average
annual temperature 16.2-16.6°C, and the annual pre-
cipitation 1100-1300 mm. The citrus orchard carried
out the no-tillage soil management practice of natural
grasscover. Thesetreesare basically same growth.

Experimental design

Theexperiment designed as onefactor, whichin-
cluded 10, 20, and 40 mg/L. SA treatments. Thecontrol
was0mg/L SA. Therewerefour trestmentsin thestudy,
eechreplicating four times, resultingin 16 trees. AtApril
8, 2010, thesecitrustreeswereweekly applied with ex-
ogenous SA treatments, atotd of threetimes.

Par ameter determinations

At May 8, 2010, flower and basal leavesfromthe
watters of each tree were selected. Meanwhile, the
ovarieswere separated from the flowers. Theleaves
and ovaryswerestored at -70°C.

Theflowersweremounted at April 29 and May 8,
and flower dropping percentagewasexpressedas 1 —
(Flower number at May 8/ FHlower number at April 29).
Thefruit setting percentagewas expressed astheratio of
fruit number at May 24 and fruit number at May 16.

Solublesugar and soluble starch of leavesand ova
rieswere determined by the anthrone col orimetrycl®.
Non-structura carbohydrate concentration wasthesum
of soluble sugar and soluble starch concentrations.
Soluble protein was measured using the method of
Bradford™ using bovine serum dbumin asthestandard.
NO_-N concentration was evaluated by the method of
Zou'®,

Satistical analysis
Thedatawere statistically analyzed by one-way
BIOCHEMISTRY (mm—

variance (ANOVA) with SAS software. Thesignifi-
cant differenceswerecompared withthe Least Signifi-
cant Differences(LSD) at the5% level.

RESULTSAND DISCUSSION

Effectsof exogenous SA on flower dropping per-
centageand fruit setting per centage

Figurelindicatedthat al the SA treatmentssignifi-
cantly decreased theflower dropping percentage but
sgnificantly increased thefruit setting percentage. Mean-
while, the20 mg/L SA treatment represented thehigh-
est effects. Theresult isin agreement with thereports
of pawpaw!®, cucumber®, tomato®, almond“, and
apple®. However, the highest effectson almond and
appletreeswere 100 and 10 mg/L SA treatments, re-
spectively. Theresultimpliesthat the effectsof SA treet-
mentson fruit setting percentagewere strongly depen-
dent on SA concentrations.
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Figurel: Effectsof exogenous SA treatmentson flower drop-
ping per centageand fr uit setting per centage of Citrusunshiu

Effects of exogenous SA on leaf NO,-N concen-
tration

Figure 2 showed that among thetreatments, 10 mg/
L SA treatment did not affect the NO,-N concentra-
tion of ovary, 20 mg/L SA treatment significantly in-
creased leaf NO,-N concentration of ovary, and 40
mg/L SA trestment significantly decreased leaf NO-N
concentration of theovary. Inleef, al the SA treatments
significantly increased the NO_-N concentration. The
resultisinagreement withthefindingsof Cao et d.l"¥,
who reported the positive effect on nitrate accumul a-
tioninleaf of Chinesechive. Meanwhile, 20mg/L SA
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treatment showed the highest effect.
‘ —e— Ovary
1.0 1 —o— Leaves
a
—_ a
=] i e
? 0.8 c P } b
s . I
<] J
= 0.6 i a
g ,/!""\
g 0.4 4 b o e B ™~
3 i--- -"‘-f ~_ ©
Z )
o 024
z
0.0 T T T T - '
0 10 20 30 40 50

SA concentrations (mg/L)

Figure2: Effect of exogenous SA treatmentson leaf NO_-N
concentrationin leaf and ovary of Citrusunshiu

Effect of exogenous SA on soluble protein con-
centration of leaf and ovary

Compared with the control, 10 and 20 mg/L SA
treatments significantly increased soluble protein con-
centration of leaf (Figure 3). Inovary, 20 and 40 mg/L
SA treatments significantly increased soluble protein
concentration, but 10 mg/L. SA gpplicationdid not ater
the effect on soluble protein concentration. Liu et al .M
also reported the increased effect of exogenous SA
treatmentsespecialy 15 mg/L on peony at green bud.
Theroleof SA insolubleprotein of leek increased with
theincreased concentration from 0.5 t0 3.0 mmol/LR9,
In the present study, we found that the SA effect on
soluble proteinincreased with the SA concentration at
10-20 mg/L, but the effect decreased over 20 mg/L.

Effectsof exogenous SA on car bohydr ate concen-
trationsof leaf and ovary

Previous studies showed that when the cucumber
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plants were treated by 1, 2, and 3 mmol/L SA, the
solublesugar wassignificantly increesed®. Thesoluble
starch concentration of lily was accumul ated by the 5
mmol/L SA treatment!*3, Our study showed that dl the
SA treatmentssignificantly increased soluble sugar and
non-structura carbohydrate concentrationsof ovary but
did not affect soluble starch concentration of ovary (ex-
cept adecrease by 40 mg/L SA treatment) (Figure 4).
Inleaves, 10 mg/L SA treatment significantly decreased
solublesugar concentration and 20 mg/L SA treatment
sgnificantly increased soluble sugar concentration (Fig.
43), 1040 mg/L SA treatments significantly increased
soluble starch concentration of leaves (Figure4b), and
2040 mg/L SA treatments notably increased non-
sructura carbohydrate concentration of leaves (Figure
4c), ascompared with the control. Theseresultsindi-
catethat SA treatments could induceapositive effect
on accumul ation of carbohydratesin leavesand ovary
of atrus. Itiswell knownthat during the period of phys-
ological fruitdrop, thefruitletsremaining must obtain
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Figure3: Effect of exogenous SA treatmentson solublepro-
tein concentration in leaf and ovary of Citrusunshiu
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Figure4: Effect of exogenous SA treatmentson soluble sugar (a), solublestar ch (b), and non-structural carbohydr ate (c)

concentrationsin leaf and ovary of Citrusunshiu
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more carbohdratesfrom theleavesfor itself devel op-
ment, in order to completewith the other fruitletsdrop-
ping*4. Higher concentrationsof solublesugar, soluble
starch, and non-structural carbohydratesin the citrus
trees applied by exogenous SA would result inlower
abscissionleve inleaf and ovary and beinthepostion
of theleading during competition between growing fruit-
letd*]. Therefore, higher fruit-seting caused by exog-
enous SA might increasethe demand for carbohydrates,
thereby, inducing the carbohydrates morefrom | esf to
ovary or fruitlet. A beneficid cyclein carbohydrates
among fruit-seting, flower-dropping, and fruitlet deve -
opment would be established with exogenous SA ap-
plication.

CONCLUSIONS

Our study showed that applications of exogenous
SAinarangeof 10-40 mg/L obviously accelerated the
accumulation of nutrition (suchasN) and carbohydrates
(solublesugar and non-gtructurd carbohydrate), thereby
resultingintheincrease of fruit setting and the decrease
of fruit dropping. Meanwhile, 20 mg/L SA treatment
displayed the best regulated effectsand can beused to
fidd.
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