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BAMETTRETHS
A2 EWES . EpEE’
B o2

IR SR E & AR ERE . (P RRR B v o Bt Mk AL B i 2=
fE o AWFFEFEE 2012 2 2015 F 155 ( Citrus tankan Hayata f. hairi Hort. ) JE -
TEFEEE - $HEREEENEETRE - W R E R E RERSE =
5 o AU TR T R E AR R - 2012 R AR B AR TR 54.8%
Fe 30.1% » EAFERENER 4 S ;5 [ 2014 FREHERKAZE TR 25.4% K
17.3% » FERNEAIRAD © 2012 28 2014 F Mok (L3 A S m AT I Z=54E - 1 2015 4
AIDAH M Z= e ag A RS iRl - BEEFIRE R 4 s - IR LR EBUE
HERERARLRE - dERETEY) w1 E B SRR AIRE Rk LAZ B B
WA - (EIRASKREREINEES TR RE NIRRT L E
=5 HERWE /KR > #EHEEBUEE matsE i 25 2 AR R R KA HINE A e 2
FHIF] -

BRsET  EoK ~ HHIR(L TSRS R EWNE

=4 e
=4

fHid I R R R R - EEBIREE 140 # - FEREE 1 BEL
WEDAE - EEEE S AAERALE 35 FE.ZMH (Liu ef al, 2012) 5 fHE/REZE EZR
faf - FEEEK 47 BANE - FEEER 136 (foT (THRREREE - 2015) - &R
B3 MrRcERE T HIR AR R - ARE  FROOTIRERS - DUt iREE

FTEbE R T B R L B T S 5 484 5 -
> Bk 2 S R S B BRI SR S CREIE S - lithops@tydais.gov.tw) ©
> B B R R N S SR R B B R TR
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W Ry Rl (Sharma er al., 2006 ) - AR HBRE T &AM - BBV IR A

A4y Re R 7 ~ N FERZ ~ FR R EE AR A R O Ho R AR AR AR X R

e Fe e A AR I > R SR K 43 S YA RSN ( Burns et al., 1992 ; Tisserat et al.,
1990) - EPEFERER - HESRERRERERITRERY > ZEEHNE
( Bartholomew et al., 1941) -

T 225 SR HZK (section drying ) - MRTERERHE—E 73 R Ik (L ( granulation )
Kt HEZEfE (vesicle collapse ) 5 Fi{bitfufSfE@ A - BREENR 2K E » B HEE -
AR B R AR EE R - S BRI e ma b » DURE IR e R R AR
AN ERAL  ZM T IR NRBHEER G a5 2RI 23 ER
HIEmEVEIZE - ( Bartholomew ef al., 1941 ; Burns and Achor, 1989 ; Hwang ef al.,
1990 ) - Sharma %5 (2006 ) FETIRA - B ~ B KA fhEE 20 (EREEEA G
FALTE Y - BRI E AR ALEUR - FERDIEHS 33.3% 0 A0 12.2%5¢ 1K ;
ME—REZEREAD aEMRERE RN RSB RIEH - 2Rt gL
BRI R By ad 2 Bk (b #e By B B ( Burns and Albrigo, 1998 ; Hwang ef al., 1988 ) ;
BN A R Z RE RN 7588 42 (Al-Hosni et al., 2011) 5 IR EEREEF R
fiE ~ AR IERSE MR TS E G - HEEHMART R TE (Hofman,
2011 ) « AHECHA kAL > VI SEAE I TR - MTRE R M= B (£ > 2005 ) -

MR E TR SN E R - (RN L HETROREE - 2 EHE
HIEEERE - SR A E E RN o BN SRS AT USSR H 52
AR > WIS~ N OSCE SRR IR > (HEAERM Tt A - (EfiR k(b 52
Ko T EEZEEAL - AR S B A RS (& > 2002 5 EEE - 2002) © AHFSE
ARSI R E T A EEY - T RIR A EWE R - W s F R E
IEEREENEEE -

R T7 ik

— REREERE iR

2012 A2 2015 AR TTRR 6 Mt i AT IS SR E - 1EM EUEE R B R
FEET#%% (Hobo® UA-001-64) - 4/ NEFEEHEC#E | X » LAMSRIE H S0 # B Sk
R - 2FEESHEE RS A R R TR G, G ERTAET )
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1992-2010 P8 F 1530 A3 R iR - e ERRIB T RS R R T RS &R
(thREgm) -

— - REIE

12 H 15 HE2F 1 H 10 H 2/ 6 e R E R K R AT Hle 20-30 £
PR 4Bk - FRERE 100-130 em el R E - ST AHEMRICRTEA) 7 om » EE RIS
U RE - FR 10 6 - RIE O ERIRERSR - FFEIBAERILREE -

= RETHRERERE

REREMERIR - NIRBSRRE TR RE B RURE - Glst RENT IR R E R
HILPIRTRE#E AR (BER=TERE R/ FAEREH x100% ) - Mg RE T
HHERFE L] - FFRERERAEE (BERE = REMYEmER HImE/ RE
HEUIHIATE x 100% )

N RELERE

PEag 2012 2 2014 SFiHRACRBHEEERESEZR » DUk 2015 Fi1RZE
MR E I RE AR - DUFERIERE - REREA)N REE  REERR
EAHETRPHE - RECR=RA7E/IREE < 100% - [ 2 752 1 RAEH - 515
R EREEE O ILARITR  WHEEEER Y AT FEER - R rE e e
VILLE B 3 i (E L B R (Atago® PAL-1) & - AITEERELEL 0.1 N NaOH ifi
ERESATEEERERE (2100 mL") » 5252 1 RAER 65 CHAE 3 KU
ERE - HEZERAERAGKE -

¥ X

Tk

— mEREREEE

2012 428 2015 -8 1992-2010 S5 7 sth i i A2 (LA 1 - 4 (eI R0
ERZMT = EES - 2012 FEE3E 22.7°C - Hor 2-3 HEIRE 19 5P HERMHE -
4-7 HAES - UH 4-5 A EEIECEE A SRR 1.7°C » 8 HIZRAIIE{K ; 2013
FII 22.9°C- DL 2-3 AR SO H IS 1.5°C R A 1.0-1.6
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C HAA fESP AR RN 2014 2R 23.2°C DUREFHEH] 8-9 A1 29.6
CHIERESS - BUPE AR 1.8°C 5 2015 500 23.3°Cly 4 iR » FR8-9 H
A EoAth H B R BB H i » CH 10-11 HEHEME RSP H R 1.3-1.9°C -
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L PriblE 2012 22 2015 A8 IR EL 1992-2010 5P %E H # R PLE - 12-1
H - RERENY - 2-3 H :BAEH - 4-5 A FAfE SR 6-7 H - REFEFH
8-9 H : REHFH - 10-11 F : RF - ([Erh 12 HIRERET 1 4 12 FIRE -
FESRN Ry E IR - )

Fig. 1. Average temperatures during two-month periods between 2012 and 2015 compared
with combined average temperatures over 19 years (1992-2010) in Hsinchu area.
“Dec.-Jan.” = maturity of fruit ; “Feb.-Mar.” = flowering ; “Apr.-May” = flowering
and fruit set ; “Jun.-Jul.” = development of fruit ; “Aug.-Sep.” = development of
fruit ; “Oct.-Nov.” = fruits about 70% - 90% of final size. (The “Dec.” values were

from the previous year. The temperature value in parenthesis indicates average
annual temperature.)
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2012 FENER 4 FH &% - FriTHlEE 2,741 mm - S iTRSR20G 1938 205
Dk s & o #5219 RN RGN 59.5% - DIEEHBENETS - bk 4-5 H AR
2013 0250 - HARFIER s 4 SEdgs - TTLUBEUHREZEF D 6-11 A - 8P
NN EHEAN 70.2% - 2013 H[FE N & 2,044 mm > PN &S 18.9% 0 DL 4-5 H K 8-9
HWNES ; 2014 FEWNE 1,150 mm 5y 4 Frigd - JRE 2004 £ DRREZHT—
TH 6-9 AR PHRENES 39.3% 5 2015 EREHE 1,418 mm » 8P EFRD
17.5% » EZE 2-3 H ) 6-7 BN - HERH B EERe0 ) (E2) -
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2. FTrTHRE 2012 S22 2015 FREE H PRl SR 1992-2010 S PR EE H RV & LL
e 12-1 A - RERA] - 2-3 H - BATel] - 4-5 H - BRfERERIY - 6-7 H = R
HHEW -89 H  REHFH > 10-11 H : KRR - ([ET 12 ARERNERAT 1
F 12 AWNE  BRNREFRERE) -

Fig. 2. Average rainfall during two-month periods between 2012 and 2015 compared with
combined average rainfall over 19 years (1992-2010) in Hsinchu area. “Dec.-Jan.”
= maturity of fruit ; “Feb.-Mar.” = flowering ; “Apr.-May” = flowering and fruit
set ; “Jun.-Jul.” = development of fruit ; “Aug.-Sep.” = development of fruit ;

“Oct.-Nov.” = fruits about 70% - 90% of final size. (The “Dec.” values were from
the previous year. The rainfall value in parenthesis indicates annual rainfall.)
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= BEMHRETRERNERKEE

i S R A S IR (L R I 2= - SR R B B A R B i Al
EEgRL AU R ISR A b TR LR RE = R SR P Wi -
PR MZEME T I E AN IS - M RE MR AR ZRL (E3) -
4 FErp R FE AR DL 2012 4 54.8% A - EATIERL(LEE A =R 42.6% 8% » {1 IEZEE
FE 36.9% -+ (M1 24.7%REMERFEF 5 2013 4 5 2014 R # 4 5RiE 2012 4
(& > s 28.6% K 25.4% » 5 DAk (L 2L R us m iR T2 5 2015 FRag ARy
Fy 52.4% » EELRHIEZEE (49.4% ) S0 - IR 28 R AIBET 2 AT (R 1) -
{ERHERRETHE - 2012 F5E0E 30.1% » Hrpitighi(b Rt izt i o il Ry 21.7% K&
19.5% ; 2013 £E%EHG 25.1% » FEEIEITINZEMHREE (16.0% ) Jd 5 i 2014 Fit 52
HRERE 17.3% (K - HrytAEkiBlERs 13.3% 5 2015 424245 30.6% - HARAHRHT 2 -5
i EEUEMEZEE (25.3%) 800 - kit (10.4%) HIREE (F2) -

B 3. SR A IR - (A) Sk (L 5 (B) THIBZ5 : (C) YHIkHLR
4 - G ML ;N 2 ERHH 5 VC s B -

Fig. 3. Juice vesicle disorders of Haili tangor. (A) Granulation ; (B) vesicle collapse ; (C)

granulation and vesicle collapse. G, granulated vesicle ; N, normal vesicle ; VC,
vesicle collapse.
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# 1.2012 42 2015 (EIGALIHH IS Je L

Table 1. Incidence of juice vesicle disorders of Haili tangor between 2012 and 2015.

Incidence (%)

i
Year K ik i CRCBRE
Section drying  Granulation ~ Vesicle collapse Grapulatmn and
Vesicle collapse
2012 54.8+6.17 42.6£5.9 36.9+4.9 24.743.3
2013 28.6+3.6 25.5+3.2 21.4+2.8 18.3+2.4
2014 25.4+4.1 22.7£3.0 21.242.1 18.5£1.9
2015 52.4+5.8 25.9+2.9 49.4+4.7 22.9+4.1

“ Values represent the mean+SE (n = 6).

# 2.2012 4% 2015 (RIAUI I 2R L
Table 2. Degree of juice vesicle disorders of Haili tangor between 2012 and 2015.

TR
A Degree (%)
Year FZK H kAL e
Section drying Granulation Vesicle collapse
2012 30.143.2° 21.742.3 19.5+2.3
2013 25.1+3.1 20.7+3.4 16.0+1.8
2014 17.3+2.4 13.3£2.1 16.3+£1.9
2015 30.6+2.9 10.4+2.0 253+2.2

* Values represent the mean+SE (n = 6).
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A&

— = O R
= -RERE

VR A LR B SR R SR AT 4 Ao - 2012 £ 2013 iz
T2 30% R E 2 RSB 79.4 K 72.6 mm » BHE ARIEH EH 69.5 & 65.1
mm - 2014 FAFEEZE S (B 4A) 5 RECGRERE EMHEESS - /i 2 kL
i R By 35.1% K 27.6% » BAE A IEHRE 27.9% K& 20.4% (& 4B) -
ATV AL (LA S 30% B > 3 425351 8.9 Brix » 9.6 Brix & 10.8
"Brix » FEEEHAEHSE 10.3°Brix ~ 12.0°Brix J 12.5°Brix » ZAERLL 2014 £ A] %
VERY A (B 4C) - TETEEE 2012 FREMMAR D ME R
M 2013 ££ % 2014 SR HOAr (Lits 30% R E A BEEE (8 4D) - 3R 2013 £
2014 4EHHHKL (LFRIEE R ) BIRy 28.0% K 26.5% - B (EFNER HE 36.1% % 35.1%

([ 4E) 5 (B Mk E R R A S KRS - 3 FERRARESS (H 4F) -

SR EREERERRC R ECRI MEE 2% (B SA - B) ; ANEMEE
oo R TR A IS R 30% 2 S4B 423 9.4 Brix 2 0.38% » BARIEAL
IEH S 1.5 Brix 2 0.48% » Bk (LR EGHFE#ZS ([E 5C- D) ; [ it
RAERRAIBE Iz g 2w (B SE-F) -
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Titratable acidity (%) Peel (%)

Moisture content of pulp (%)

4.2012 4£2 2014 FEFMIERRE (Normal ) ~ JHIRALLFERE <30%RE (G<
30% ) FATMRLLFERE =30%RE (G=30% ) RE (A) ~ R (B) ~ #A]
EIEEEY (C) ~ FIEERR (D) ~ IRt (E) KRAEKE (F) ZEH -

Fig. 4. Fruit diameter (A), peel proportion (B), total soluble solids (C), titratable acidity

(D), juice content (E) and moisture content of pulp (F) in normal, granulated <
30% (G <30%) and granulated =30% (G =30%) fruit of haili tangor between 2012
and 2014. Bars represent the mean+SE (n=6). Means within each panel followed by

the same letters in the same year are not significantly different at 5% level by
fisher’s protected LSD test.
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TRE=30%RE (VC=30% ) JRIEE (A) ~ RER (B) ~ BAEEEERY) (C)
AREER (D) ~ R (B) RRAEKE (F) ZER -

Fig. 5. Fruit diameter (A), peel proportion (B), total soluble solids (C), titratable acidity
(D), juice content (E) and moisture content of pulp (F) in normal, vesicles collapsed
<30% (VC <30%) and vesicles collapsed =30% (VC =30%) fruit of haili tangor.
Bars represent the mean+SE (n=6). Means within each panel followed by the same
letters are not significantly different at 5% level by fisher’s protected LSD test.
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—  BEMHITRIRRERE

&R E TR E A DO MR LT ek % - B AR A AN FIRE L
fb - T Rez=fE AU D AR AIREAT ~ SRS R A% tdih#g & (E > 2005 5 Burns and
Achor, 1989 ; Hwang et al., 1990 ) - fEIEEEUHRE - filERE RS g#E - B
kL L3RR 4 5P 29.2% - IR AR 32.2% - BURRIE# AR H
e S T A R AU T T e A

Burns F{I Achor (1989 ) FLaf#j# RIS T A2=5E - RIRd & e EE i A 1
B HE—REMETIEEHE - #EH S rse e igh b2 R R
EE R N FEIREE: 5 {H Hwang <5 (1988 5 1990) SRS 1THZEkE 2 #8 A fA BN & ]
KAt iR - B HIAREERL R e 225 - AL » R AR AL Bl bkt - S HE IR
FIRERIT I LAE R 5 1 (2005) fEHIASRE S E IR JokR MR R R E
IO EIR S BB R (HUEF T M F) A B et AU R AcHE B © AE WS B - W
fEF TR AECEWNENR - MERNRENE DA ER  HRFERERREE
TR LB SE 2 AHE] - HEHNS AU R i S B A R A B g - IR
NEFE R 5 -

O TREREEERERRER

RIERF B E IR E IR LR 2 — » HARDURE & R E i iR
( Hofman, 2011 ; Ritenour et al., 2004 ) - 2003 732 ] i 72 B 532 PN B RS 25 4= B B ik
b > Ritenour %% (2004 ) #& L FEFE RERY & R R (L » 208 2003 FBAAERA S RS
FEHART HEZ R > 0k 8-9 HERMWIZ N K 10-11 H &R » ElE BAE R -
LR E A RIVEGET - AIRERE T IR LB E A 22 A - Hofman (2011 ) 3255
BEREF LGN (FHEK 9 HK 2 H) Z3EBE LA « Imperial ” k(L -
PRAEHFEREATE (FFEk 8 H ) » HIEFRE A LR R8s - (HiGIE
FrERF+& AT G4 580t hik -
b 4 AR A Bk LB R R [V BB 1% 2012 FEBRTEHNR S & B 2 F N
B% BT A R AR R B EE 5 1 2014 A2 ) 2015 AR E 25 AAMER
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A (HAZFNEWHERD - RN RS0 Ien bR RSO 6k - #EHITE LR
T ENEZZE A RE AR AL o eI T - 2012 422 2014 s
5% AR R A FE R R N B R D VR RS - B IR (LIBE AR 5 (H 2015 FAERE
WEREIT » TRz B ARSI - BT e 2= B e i = AR T D8
TR LR AE 5 10 2015 4 10-12 H R RS - HEF R RS - Algeslit gz
wa LEBIE AR - AR 2 SR b S AN e = — 2

= REREEEREKERRRER

(—) RERNR R

EME R RERE A - RE WA T A L3 AR R AR R E B R E
( Sharma et al., 2006 ; Hofman, 2011) » HEFEH KE MR S 254 ( Burns and
Albrigo, 1998 ) - 2012 AU R E B M 3 Frk » KRR - HEFT
Bk i Ry B 5 1 2014 FRERUN - Ik LR RTEOR SR - B RE R
/INEEELT IR L TR - —REAERIE K MtER L - BIRERERA
( Garcia-Tejero et al., 2010 ) - #EH] 2012 FRE i K E F=mREWEAR - 1
2014 FHIARERNAMERE /)N » KA LR BRI - fE 2014 F{5F 22.7%%
E#A bt » HETEERE A NEMEE ZR > BURILIERSRA g3 4E 1

kit e MR R E T k(L4 -

S AL E RO MR L SR 2 SRR Mg k2 (El-Zeftawi 1973) »
RIS s B R T MR LaE A2 A BEE TR AR R WS R R R A
£ o MR B2 (Chen er al., 2005) ; {HESE (1996 ) FAREHFAES
e wEE R RS S R E SR TIEER B R (e
T4 (M Sharma %5 (2006 ) FEA LM o TR LR E R LRERRIE
HRE K BURE Rk b BRI RE Eam o TEEEUH A 2012 5
2013 FHMRALRE R RSB - 2014 FHIMEEZR » BIREANER
MHFIHEZS . R REBRARE R ECEERE - HEHIR ReR Bk (LI R B
FHEE -

2015 A I ZEme SR B B TR 5 SR R N R R iR B 7 5 - B AR
BANE - AlREI I EREAER - (BRI E FEWNE D IERE /N EE
T IZEHErERA Fea D - (AR FEEEES -
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() WAV ) B AT R E BR

i 2 W 78 BE s R AL W AT VA 1 [ P Y R R R E BRI R T I R
( Bartholomew et al., 1941 ; Hofman, 2011 ; Sharma et al., 2006 ) » EAm] A4 &
TR - B s B e W S S IR eI R %81, ( Shomer ez al., 1988 ) -
T AT E BRI I 2 R R e e SR R R R e K - B SR R TR PS8 S 1 B Hg i 34
(Wang et al., 2014 ) < TR E IS PEE Y KA E BRI - AR & &
Sl MR - AN IR a2 A BB ES G (Sharma et al., 2006 ) - /R
RETHER S 8 T I0E G R AR ER - KIEr2E 0 AR S Nl
REEEUTIEEE A AL (Ritenour et al., 2004 ) - [AERAL R ZEmETTIEAT - AHAREER
HHEEIEIE - Rl B R e e R ~ ~FlE=R ~ RIBRORE RS EHI0 - i
HEEEN e SRR &SI <Wuya s i = tay o ol e RN 727/ ) TR = et 45
1K - ATREER /> F Ryl B & ple 2 BB R AR aEE (£ > 2005 5 Burns, 1990 ; Burns

and Achor, 1989 ; Hwang et al., 1990 ; Wu et al., 2014 ) -
HiERE R PRI 7K HEE - A eE R E Y R M ER S &
( Ballester et al., 2011 ; Navarro et al., 2010 ) » JBEUHLE 4 FFEF - EFENER
DIRE - AVETERETEY) R AT E R A RmE S - HE IR F 2 - 1 Hofman
(2011) HEHIRSRA BTk (L FEELERR & B R A B - HEWE IR 2 I E A
B RIEREEREA  NAlREE i o 8RE > mESUTE TR

BREE
(=) RTRFERAEGKE

SRR IS R EHER R B EE & 2 BN (El-Zeftawi, 1973 ;
Sharma et al., 2006) - {H¥HRERERA GRET AR (E - 2005) © Goto
(1989) F3ir ZEAH IR R byt R SR E B gL Bt IR AT 22 52 > SR HTkz(L
F4 FEERFBE B IREE > MEBEREEmREBE KA
(LR E R RETRERBE P BCEIE /K 53T #2 E E FrE sl s i+ (2005) 7R
FH RUREA b e o e i o . R e SR s RS ) R 1 - 7k o5 e B L e T
> TEE SRR N » ARk D o Rt IR IR LR B R =R
WOEH R E MK > (ERAEKREE - ATRERIY BB E B [ b 8 #HAE A H B
AR > T ARSI E SR K AR & /KRE - MR RERT
HHRG A RS A SR 2R 528 ( Garcia-Tejero et al., 2010 ) » H YGRS E] 4 2R
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Rt/ AERRENESERETREZENL -
Tl B B R e ] - R R RN E /KR EBIEH Ry K - Burns I

Achor (1989 ) B A% i Ml M s - TEH I rh O SRR A AR AR B e %

MZEfE T i 2E R - BRCAEEE - HlgEE R - mE (2005 )

fEHZEE T K S B B K S RIEFE T IR - BURZEHE T g 23 R /0IRRE

It RAGRRERITREBREE HE -

A

SIS HREET - USSR E BV &R EE - Attt e Eadhitie
SE TR R M= e A B e - EL & 3 A LU KR R R ] o R
b - AERZ RN E SRR B LR TS HT IR (LB f = R B R R b - B
AEEGH IR b R i 2= 3 A 2 TR IR R R A~ Se A ]
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5 XRR

FoE 2 o RAEMET  <http:/www.cwb.gov.tw/V7/index_home.htm> -

ks B - T BRERE - 1996 o “C-AEIRELEREH R B R LS CEfZ Y
RN - 2R 10:228-232 -

A5 - 2005 o fliAH ZEHE ARG 7R AR A L AURG 7O ST A BRI A SIS - RBHER
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Juice vesicle disorders in haili tangor '

Po-Ming Shih?, Kuo-Tan Li°, and Ching-Lung Lee’

Abstract

Juice vesicle disorders are common physiological disorders in citrus. There are two
basic types of disorders based on morphological characters, the granulation and the vesicles
collapse. This study aimed to investigate the effect of rainfall and temperature in juice
vesicle disorders of haili tangor (Citrus tankan Hayata f. hairi Hort.) from 2012 to 2015 and
the comparison of normal, granulated and vesicles collapsed fruits. Both disorders were
present in haili tangor. The incidence and degree of disorders were 54.8% and 30.1%,
respectively in 2012, and the annual rainfall was the highest; while in 2014 when the annual
rainfall is the lowest, they were 25.4% and 17.3%, respectively. In disorders occurred from
2012 to 2014, the granulation is higher than vesicles collapse, whereas the occurrence of
vesicles collapse was higher in 2015, with average annual temperature in recorded high
since 2012. The average size and peel proportion of granulated fruits was significantly
higher than non-granulated fruits. The total soluble solid, titratable acidity and juice content
were declined gradually over the period of granulation, however, the granulated pulps
contained higher moisture content than the healthy ones. By contrast, there were no
significant differences between vesicles collapsed and normal fruits in fruit size and peel
proportion, and the pulps moisture content was lower in vesicles collapsed pulps than in
healthy pulps. The results suggest that the causes and mechanisms of said two-type vesicle

disorders are not completely the same.

Keywords: Section drying, Granulation, Vesicles collapse, Temperature, Rainfall
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