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Abstract
Sdoodee, S.' and Chiarawipa, R.2
Fruit splitting occurrence of Shogun mandarin (Citrus reticulata Blanco cv.

Shogun) in southern Thailand and alleviation by calcium and boron sprays
Songklanakarin J. Sci. Technol., 2005, 27(4) : 719-730

Fruit splitting is a serious problem of Shogun mandarin in southern Thailand. To alleviate this
impact, the applications of calcium and boron by spraying were investigated. An experiment was established
in a farmer orchard (at Amphur Sadao, Songkhla province) where four-year plants were grown at 6 m x 6 m
spacing. The experiment was arranged as a completely randomized design, and 16 trees were used. There
were 4 treatments (1. control or water spray, 2. 1% CaCl, spray or C treatment, 3. 0.8 % boric acid spray or
B treatment and 4. 1% CaCl,+ 0.8% boric acid spray or C+B treatment) with 4 replicates. The application
was started at 4 months after fruit-setting, the sprays were done at 1 month intervals. It was found that the
occurrence of fruit-splitting started at 3 months after fruit-setting, and there were 4 causes of fruit-splitting:
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1. scab (28.33%), 2. sun scald (11.11%), 3. sun burn (7.78 %) and 4. no primary peel damage (52.78 %). Various
patterns of fruit splitting were found: vertical, horizontal, oblique and informal shape. The treatments of
calcium and boron sprays did not affect on fruit growth or fruit size compared with the control, but they
significantly enhanced fruit firmness, total soluble solid (TSS) and total acidity (TA). The treatments of C, B,
and C + B can reduce the percentages of fruit splitting to 5.56, 8.89 and 6.67 %, respectively, and they were
significantly different from that of the control (52.22%). It is suggested that calcium and boron sprays can
alleviate fruit splitting in Shogun mandarin, and fruit quality is also enhanced.

Key words : fruit splitting, calcium, boron, Shogun mandarin

UNAAYD
[ ¢ =S =S =S a
1Y UN ﬂ'ﬂ LLay 323 LRYIIN
mstiarawanved u¥Y (Citrus reticulata Blanco cv. Shogun) lumalaves
dsznalng wazmsusatmlagmsny 1suaatdeunazlysou
3. UAIUASUNS M. 2548 27(4) : 719-730

[ v v d' = Y o
amsuauantduilymguusaves “ulanulumalavesdssmalng wevssimmansznudalamms
Annlagddniy 1suaarFennazlusey msnaasdlamly JuvewabaINTNoILAe TiA1 KA Jva1 Fad
mstlan“uery 4 1 laglaszezilan 6 wms x 6 was wasiissvulinuuy Ysanaesilndszay field capacity
= ' vy v o ¥ A ax A 3 v
(FC) M3NAaaddmsIauuuLyy unasn 1Fau M1 16 du 3 4 I5nAasg Ao 1) MuaN (WHM) 2) Wi
suaatteunaslsa 1% 3) Wy 15luSnueda 0.8% was 4) Wy 1suAatBennaslia 1% Fauny 15u50
IS o % % K v a A ~ v a ~ 1 1 A '
wasa 0.8% M 4 w1 (1 AW/ B1) MINY 15LIULND 4 LADUKAIAAKND LLASHNITNY 1[NNI 1 1Ay WuN
v a & ' A v a ~ A s Aa
Ha “MlINUGNLANAILARABIY 3 tieundsAana § nHaMIwAn 4 e e L 1sn wAvhdIna (28.33%)
2. aawiaeatilaidiae (1L11%) 3. waawnfifing (7.78%) waz 4. uanlaglinueinmsniiulaesn
Y 4' ] v o LY =) 3 =S
(52.78%) suvudnvazaimsmauaniinuuislady 4 dnvar Ao wWIAY wWIUBY UUIDBY wazMs
wanilaifizluvvusiuen msny suaadenuazluseuli wnansznudemIInAYlaveINaLAZYINAKS
d' = LY T 1 0 v Y A ] 2{' 1 1 .&! | S o 1
detiisuiumsliviu 15 wanlvna “udianuumiie a1 TSS M1 TA _dWuedadive dgy msny 13
waatbonnaalsa 1% luSauada 08% uwazunadsunaslian 1% ufvluinueda 0.8% &1 1nIaan
wesiFudnauanasnaotiies Ao 5.56, 8.89 waz 6.67% muaay laguanaised1aditeg s liny
4 e ,
WHBIHaUAn 52.22% dauuzinlanmsnuuaatFennazluseumMana 13150UIIEMBINITHALANYB
“uFnUUAZ NN NHAAY

Fruit splitting occurrence of Shogun mandarin
Sdoodee, S. and Chiarawipa, R.

1 v A 1 . A .
naN Niaanaan (mandarins #1378 tangerines)
Jadulduandgniiunisdmialan SUSumnania
wisuSlnamalanlull 2001/2002 fis 15,967,100 6w
(FAO, 2002) “1wsuludssnelnasin “wudandan
Ao o A v A o & o €al vo
n dnfe  “uidgawanuue: “Nlonu Dusiuinldsy
o a o ) a0 x4
anntanuslnenini @ mldEinisvgnaiunlgn
S 3
maludszmainauodeasannaievessemna

& Y
lagAundgnsannsdssnalull 2544 dszum

376,000 13 (gudi 13 winen3inuas, 2547) adels
AnuanmInauanFedaiduainisinundnig 359nen
(physiological disorders) athanitavasn “u (Zou
and Xu, 1995) lénaneliuifgn dgauilsiie
AL BN 9LAsEgRaLANEAINSHHAR “NludlaqiTt
vz “WlunguuauenIunie “midensau (Citrus
reticulata Blanco) Nnfifywinananguisind “uwug
B 9 12 nan “nAaaan (C. sinensis (L.) Osbeck)



3. qUaIUASUNS NN,

U3 27 atfuit 4 ap. - 4. 2548

721

mstiamauanves ulnu
o 4 I~ ) B a
War A uar 523 1ReTIM

nax “wla (C. maxima (Burm.f.) Merr.) Waznauszu?
(C. aurantifolia (Christm.) Swingle) 1Judis (Davies
and Albrigo, 1994) lagianz ”sﬂmu (C. reticulata
Blanco cv. Shogun) fidnsmsidanuisaninauan
agl naUsznm 20-50%  wazluunsngniaanany
2 nsHaLAnLldNInDe 80-100% (L1Usnu3, 2544)
S NN INALANILLAAINNNITVENEFIVBSLEBHA
uaslussdumelunaau uvssfendiianaiiangu
Yoo ld wnsadunudalsiduaInaawinliiia
mmiwmmn%u (Sekse, 1995a) #anNINNBINITNA
wanves “wasRatuiuiiRiAanuE (Gao et al.,
1994) Fafluannanlass $vvesddeniluudounss
stwzmim@m@;LmaL%wﬁLﬂuaﬁﬁﬁizﬂaumaﬁLWﬂﬁu
(Bower et al., 1994) anzlagnit AMWaINAIOUNS
(microclimate conditions) Lo QMWQQLL@:WNN%%
swluUdsSunasinuaziianns wiuidansuanaes
wagne (Peet, 1992) Lrulfgniuain1satawaoai
24 (sun scald) i wmqﬁﬂﬁwmmﬂ LWINZLAA
TRHWHALIIMAING “NIINNTLHTUL IuaaTaluae
navTuamsiiiazassinnzegiiiann (33 1 330a
fada ud?) i Azudeuazdiu “udanuesee
e naldsuivuidealfifenauanldauiu
(Huang ef al., 2000) “ananii Qian (1997) wuin
DNMINALANTDS “NE 2 dnwoiz Ap msuanluunie
wasluuuizng Feasdenuuandreduluudasszes
WAl UBINATE 3 3202 A0 ITHENAIAANS THENALSHN
Wasu™ wazszawa n (Chikaizumi ef al., 1984)
WaNANG F9IRINBINHNIIAATELLANATN %
@149 VDINR fB dama (stem-end)  §udNINa
(shoulder) (Ueta and Tanno, 2002) wazfiukg (stylar-
end) (Garcia-Luis et al., 1994) 1Jugiw
nelwnnsilosiunauaniiss Christensen (1996) 'l&

CARSTULD

BUEIIIAITIANTITLNBLANANNLTIW T A URI S e
A a ei A Qs v
YagtlAannanasnaniaesriataeiunsdsy A
LIARONNITHNAADNITUANVBING LU NITWY 15NN
asadsznavaassIguaatdian (Xu ef al., 1994) o

1 d'd 6
Wb Wim\laaﬂﬂi:ﬂawmmqlmau (Kumar et al.,
2001) 9 ANITOAABINITHALAN b %mzﬁm‘smmw

. ¥ . ¥ a o 9.a K “
YSumiuazaneaawluaulidany d1 veandu
= d] ldl 1 U 1 s
ANBUWINNATINTIBAABINTHNALAN ML UiT (Sekse,
1995b) A9BULANDMILUINLIILNINITUANTYDING “N

=S U wvaa 1 a dl
lonu 3eldmeandlditnsviu 1sueaidenuazlusend
N LNBAAAINL EWIEVDINANAATILAANNITUANYDS

. 4 v & »
ua “wlanuindgnlu nweniadeuduuaziduanan
20901916
4 ad
aUnIniLazizms

MNITNARDI N INVDILNBATATA 8. T4A1
2. voan dualanulu dudsnanadauiansevs
2 we du wlinsvereiuilaanisfaauudune
v o € ¢ 1 ao v o A a
NWWINIoEEad BNNINInaseedin “uieny 4 U
Jrazdyn 6 eI X 6 1A ﬁmsmuqmmzﬁﬁ@hﬂ
A o A o A = o+
W unaedaging uazdaie sandelddonnszazns
a a a o & a & al @ u/
wigdvle wazdszuuldiuuy USanassnlndsedu
field capacity (FC)
A a Q’ a 1 A
mauuqmsmmuimﬂwalum'sﬁmaumﬂgmu 2546

diu “wlanuisnoanaanlugig

AWIILALLNEINANEA b b u TR aulu1aN 2547
N1IIUNUNITNARBIMUY Naaan (CRD) & 4 35
= 1 09/ 1 a
naaadfa 1) AUAN (Whi1) 2) Wi 1TLANLTN
aaabsd 1% 3) wu 13luSnuada 0.8% was 4) wu
TsueaLBaneanlia 1% Twnu 1sluSnueda 0.8%
w3 1s5lusnuada 0.8% wisuwnan 15luSnuada
17.5% MINBIINIAUATIINRInTNLAaUa: 1 59
AIuAnaey 4 Lhaundtandana  dimwan 4 0
(1 @w/9n) wagidnaaavas 15 wa/dw Usetlunis
a a U v 1
AU uoIN1 35Inenvesdn “wlanuluaasan 11.00-
13.00 w. loun n1sdadndvastinluly (leaf water
potential) laeld Pressure chamber (PMS, U.S.A)
a3iaedniindanly (stomatal conductance) lasld
Porometer (AP4 : Delta-T, UK.) Jaaatdinw 4
witansanulagld Light meter (Licor, U.S.A.) ¥a
X a a | oA o =
ANNTUIRABUTIMNTINNATTAUANEN 30 BN,
lagld Neutron probe iufindaya nwermeusiim
% a a a

utlaanaaasdie HoboTemp wazain anilgananing,

8. <A1 . JUR ﬁ%ﬁﬂﬂﬂi@aﬂ WaININ %5%?]8’]



Songklanakarin J. Sci. Technol.
Vol.27 No.4 Jul. - Aug. 2005

722

Fruit splitting occurrence of Shogun mandarin
Sdoodee, S. and Chiarawipa, R.

% ! a a & = &
vagka kA Maadgdulazesws wWasiduanauan
UAAVDIDIMITHALAN LASANBUEBINTTHNALANAIUA
Sufanaaiy 1-9 Weu lasudviensadydulaves
A ci A [ a
WA 3 Jzee Ao seaev 1 (218 1-3 10aurainInana)
Jeeeil 2 (218 4-6 LABUNAINIIAANA) wazIzeehl 3
(818 7-9 \AEURAINITAAKR) ILATITHAMNTWHAKR
& A A A o a
MINUINEINIENR 9 LADUNAINITAANS

AaN1INAao

3292013193 LAYAYIINALLATNIINBY UBINTY
A a k4 v
37INveINY ulvnY

e “wlanuinisadydulandsnisfiona 3 szes
a A A a =
Ao szEen 1 @ty 1-3 wwau Tuidaunsngenils
u./ dl A A =
flugnan szaed 2 81y 4-6 e ludougaiawis
o ld' A A
funew uazszazi 3 01y 7-9 hou luidauunsian
fsluran andaya Azenma u aslidudinoud
A a - &4
WD IRIAN 2546 NHUANNITINLUALLNNUBADLLDN

A o a lﬂl v A,
Tuidaunuenan ANMANLATWOAINIEY LBt 2547
Auantiagasadredaianluidannnsianuaznunwus
. = o & a X |

(Figure 1) wWal2u1al WRIUBGUBANANINNAWD LN
! lﬂ' A a v a o 1
dariiosnnidauuaziauianalndifasinanlidan
uanasiwluuaazitneass (Figure 2) aauidia ¢
1,900 ‘luleaslua/
I o 6 & a
Adnduasinluludien

uShaudainaaaslasiads e
@3.1ua3/3u% (Figure 3a)
WwAsA aluidaungadnian fa -2.88 MPa (Figure
3b) wwidganuadnindnlundduadon aludou
woeanian fo 0.09 @w./3u ¥ (Figure 3c) e
a X a A 'Y = A a
wdgaNTnluAuNIzduaNanINRIEY 30 .
g‘/ 1A =S v € 1 | g// &'
Aaudtiougaantanunius agluang 18-20% vei
waeAn I 9L walugreruiesne (Figure 3d)

wesiduduazanyazmsuanvena ulynu
nmatuiindwaunauanues “slanu wui
lifanswauanludsidennsngrants sman ud
SunuaMIHaLAnAILAIdauTusnauieliuian nia
WAB1E 3-9 LABURAINIIAANA Taawuanni alu

FPRUNGAAINIEN TAHUANTN Ao 58.33% wad

o 2 oA a .

punlduanasandafiauluian (Figure 4) a1nn13

L &
NANBIATITH WU WHAANIILANVDINE 4 W#e Aa
1) IMIHALANINNLIA WAL (scab) 28.33% 2) 81115
@vtraedtdulg (sun scald) 11.11% 3) a1n15uaa
LW (sun burn) 7 T8% waz 4) nananlag ldwuainis
'ﬂmmaaﬂ mrwu ﬂm 52. 78% (Figure 5) lagans
HAWANINLIA WAL WUNIND qﬂsl,umau@mﬂma 50%
wazduunlduaadasaunaufeuiuian w3

K L A o “ L
BARALNT LINWLGILGALADUTWINANAD 22.58% N1k
Juwilduanasaudadouiuian anzdediueinng
U A I a t:ll v > 2; 1A
gnaindesdule wuludSuanlndidasiuaudiian
ganande 12.50% audaheuiuiande 13.79% wme
o . da 4 ¥ T
fonsnanany ldwuansnAURentunuldasua

o a X

Laau@;mmua:ﬁumhmwumwm‘ﬂu 75.0% lu
A v € . &' 1
WaWNNNIWLD (Figure 6)  4anaINk 1NIIDUUY
snwmzainnauanvasnaiin 4 snwuzlvgg @ fio
ASUuAnlUUIRS  WWIUeT WU uaznsuAnd
Tiflgununuvuen  Sduudazuur 1wnsnuanli
UINMTING NANAE WASAUAR  LaTNITLANIULUL
\ & \ ' o
@99 LRAIBITNUINTZEEN 1 2RINITHAIBIVDINE
ANTUANUULLUIAILAZLUAALIWLNINLARLUTZN D
50% luszozil 2 Hn3UANUUIKAUNINT A T898IN1
Ao unndouazuwads  Aunsuenuuy iy

wineuddasnInadwlne 1Ay usze aving
AEUNLAEINNITUANKULLUIRILAZLUIUDUNING @

a ! a o oA
waglIEnnm 40%  AULANLULRLNWUHDERIDE NN
we ey waznsuwanuuulddjUuuuuniuendesn o

(Figure 7)

1 =S < a a J
MINY unatFennaslsauazlusnuedadenmn
ma MY
1 a 6 a a
ANNIING 1TuAaLTENARD 13A 1% LuSnuadn
0.8% wazwAaLTENARDLIG 1% JawAulusnuada
Cl U v 1 l&’ 1 1
0.8% MNMAHA “NRANUULILD @1 TSS waze1 TA
JNHAUNAuATUANANNIY DAagelie dY  u
6 & 62’ A 2’, 1 ada | d‘
wWadidudriluifoniu wudmaUndiian 9 o uae
WANANNIY DABHININTE 1AYAVITNIINY 15 wae
u aswataudada  n13nu 13bunnITnaassinli



% UaUASUNS Inn. matianauanves ulvnu
U0 27 avud 4 na. - AL 2548 723 Wk af waz 53 13853

Rainfal  ------- Fan evaporation —d— M aximum temgerature —#—— Minitnwm temperaturs

-1

Fainfall and evaporation (mm d

Temperature (HC)

T 1 1s
in
- 10
20
1 T
A ol . S, | WP e el e T
0l i ! J fi Lk -H.l-' | : il

1wl 31T ELRT: S 29 Sept 280t 29 Mow 28 Dree 27 JTan 25 Feh
Titme

Figure 1. Weather conditions (daily rainfall and pan evaporation, maximum temperature
and minimum temperature) during July 2003 - March 2004.
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Figure 2. Change of fruit diameter in the four treatments (Control, C, B and C + B) during
August 2003 - February 2004.
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Figure 3. Values of photosynthetic photon flux (PPF) above the canopy (A), leaf water
potential (B) and stomatal conductance of the citrus trees (C) and soil moisture
content in the experimental plot (D) during October 2003 - February 2004.
Vertical bars indicate standard deviation.
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Table 1. Effect of the treatments of fruit sprays on fruit quality and percentage of fruit splitting.

Treatment Fruit firmness (N) TSS (°Brix) TA (%) Water content (%) Fruit splitting (%)

Control 2.08b 9.80b 4.24b 71.91a 52.22a
C 2.36a 10.42a 5.84a 67.24b 5.56b
B 2.44a 10.36ab 5.06ab 68.29b 8.89b
C+B 2.33a 10.33ab 5.89a 68.88ab 6.67b
C.V. (%) 10.54 6.12 20.40 4.56 36.67
F-test & * & * *

Means followed by different letters within the same column are significantly different by LSD (P?0.05).
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Figure 4. Percentage of fruit splitting in the control treatment during July 2003 - March
2004. Vertical bars indicate standard deviation.

Figure 5. Incidence of fruit splitting in Shogun mandarin caused by scab (28.33%) (A) sun
scald (11.11%) (B) sun burn (7.78%) (C) and no primary peel damage (52.78%)
D).
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Figure 6. Average values of the percentage of fruit splitting from scab, sun burn, sun scald
and no primary peel damage during October 2003 - March 2004.
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Columns with the same letter on each stage are not significantly different by LSD

(P<0.05).
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