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with the substrate relative water content 40%, 30% and 20% were set. Afterward, fruit quality changes and
expression patterns of transcription factors regulating citrate accumulation were studied under drought
conditions. Using deuterium water (D,0) tracer method, the law of water transportation and distribution in
citrus tree after re-watering could be cleared. Drought stress at fruit enlargement stage inhibited fruit
growth and fruit size severely. After ten days drought stress, fruit transverse diameter, longitudinal
diameter and single fruit weight decreased significantly. After constant drought for 40 days, fruit diameter
in treatment groups decreased by 18.33% to 23.82% comparing to the control nd single fruit weight
decreased by 45.17% to 48.67%. No significant difference was found in fruit size between different
drought-treatment groups. After 40 days of drought stress in each treatment, fruit total solid soluble
increased significantly by 47.7% to 59.3% and fructose increased drastically by 63.25% to 78.77%, but
sucrose and glucose in fruit did not change. No significant difference was found in fruit sugar components
between different drought-treatment groups. Citrate content in control fruits decreased gradually with fruit
development, but that increased significantly after 20 days drought stress with 1 fold higher to control at
the peak. Fruit malate content was higher than that in control by 14.70% to 33.82% after drought stress. No
significant difference was found in fruit acid components between different drought-treatment groups.
Transcription factors CitPH3 (WRKY), CitPH4 (MYB) and CitAN] (bHLH) which regulate citrate
accumulaiton in citrus fruit expressed with up-regulation under drought stress. After rehydration, citrus
roots absorbed water quickly in four to eight hours. Deuterium water content in main stems and perennial
stems reached the highest in 24 hours. The water absorption of the fruit tended to be stable during 24 to 48
hours. In this experiment, drought duration affects fruit quality significantly while drought degree does
slightly. The up-regulated expression of CitPH3, CitPH4, and CitANI under drought stress promotes the
accumulation of citric acid, which may be an important reason for the acidification of citrus fruits. Orchard
soil being moist for 24 to 48 hours after continuous drought is necessary for water reaching fruit massly.
Keywords: citrus; fruit enlargement stage; drought; fruit quality; gene expression; water

transportation; re-watering; D,0

K G 2 5 M FROAG SR S BT B B B R R . o [ R O M X B K A A AN (ki A TE G F
2016), HEHIRELE 7—9 HBMKETHET RO G ™E, T I HAE B S R I SCHEm 1, X s
M BT AR (Ballester et al., 2011; FMREL 55, 2015). HABAATGR 4K 7 %12 Hid
PR LT -5 A 1 A B ] 7 RS S ML, XSl T AR RN 7 M T RE 4Rk LA H
AR SR SRR RS KR B R EER I, 6K B B OB (RIS 4, 2019), FEATHET
FH BN AR E R BN R (B30, 2007). 38 T2 0 A r A K 8 B RUR 25 S
HIAEVER (Ballester etal., 2011; ZBPA5E, 2017), i E T2 FHEWYIE® KK R E&1F
T, e FEY R R, R KERE TR, SECRSAR. RREE., P8 N (R %,
2012; A5 4%, 2019). T RES FECR LA REEA B 7 & 2R, FREME, S0
m R (ZR0E 5%, 2008). FrAFR MG SR SEH R EAHLER, PR S e A AT SR SR AR A
Ty AR R ot SR 52 15 1) AR A AR T HE S w5 PRI AR R85 (Albertini et al., 2006), (iR T
NEAH RS B iR & B B 3% T 40% ~90% (Linetal., 2016), TSl FHHAGRScH GRS B
T b, ERSEEAL . AEM B R % (Hutton etal., 2007). I3 FATE I S B 2 & —NE &1
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T, 2RSSR ZKAR SN 25, 2018), BT AR EIRIEM GS (BB
G ) B CitAco3 . CitIDHI 1 CitGS1 R R IEKT S ER & B E I L (A,
20200, Lu %5 (2016) @i/ HrAT IR & | 22 ORI CORLLEIG A CUKBERS i % Sk 5
I, bHLH35. NAC7. bHLH113 %5t K12 5 R, Li & (2017) UFSLf %R 7
CitWRKY1 Fl CitNAC62 @i % Citdco3 W52 5 R SATERR B E . TR,

CitAN] Fik S5 R em & BEZYIM%, CitPH4 (MYB) 1 CitPH3 (WRKY) 5 CitANI HAFE A
[F TAE, SRl A iG SR SemR A% (Lietal.,, 2015; Butellietal., 2019; Strazzer etal., 2019; Wang
etal,, 2021) . FEEHME=XEKTEHE, BETRES™ETENREKRE . L8780 )R
TR S AN ] o 22755 1T 5 AT F2 B R AT ARG SR 52 7= B A i o 2 = AE AR sg e 2 - B Je ek 220
A BER M E T 5 AN IR A, A FUAN R T TR0 M R SR S s e, R R R
EREIR T E KGR B4 B R RS B, DUBE A A I8 R 2 e IR FE R, N E AR
TR R E A AR KA EE A RS SRR .

L bR

1.1 R 2408

WRIET 2018 FEEFHHEN R PO F0 G, K BERMF T, DERETE
BN 117 L 3kl 2 EAEMRG AR BN EM (Citrus unshiu Marc.) NAFEL, FREERTNHE
AR PRI R RFREG 2:1:0.5). MR¥EH E R ARG~ X 2R A, T RS2 IR 7
A T2 9 A ERdT+ 548, wE 3 NAFET IR, BB E7KERN 40%. 30%. 20%,
1A RWC 40%- 30%- 20%, LUAHXS E7KELERFTE 60% ~ 80% X i . {#iH TDR-300 i 1520115
KA X (Spectrum technologies, FED Mifs/Kp & &, FHER 8 NG %MK, LR &K
BRE. GHEDREPRARKARL, HABONES, EAREITEM . AR . R LR R LAk
INXBE, A 12 RER. AT TRE#E0d (7 H25H). 10d (8 H5H). 20 d (8 A
15H). 30d (8 H25H). 40d (9 A5H). 50d (9 A 15 H) #RERL3 ~54, 3 kAEWF
HE, W B, IR R RESIMG T, nTEvERETEY) (TSS, X3, ATAGO,
HAO. FBR. SERIR. B A, BHSE (DRHE 5, 2017) SENIEM. B0 FLrE
ARG B R E T AT E R, - 80 CUKMRAE, FTIEEFEENT.

12 FREFAEKRBRHREBEPEENH

WRIET 2018 FAEEFHHFEN R PO F0 G, K LR=#17T. WRiEEFETE
FHREr, T 8 AR . AAREI A RIEKE BAR TR, 2 MR AXRKER 30%-.
10%, FIF TDR-300 {54520 K 4 WA S K 40 & i, e bk . 20 il4ERE 3 d, )5 T L4
8 B HE 1 L 1 0.1%51/K (D,0), RIFEE & /KEIAFE] 60% LA 1o 5K B 2= bk /NX Bk, &4
AbEE 3 IRES, WIKJG 2. 4. 8. 24 Rl 48 h HUFE. MM N 6 i —— O HRILLT Frf i~
AR @EZE: RMBIE ZEHIAMFTZE; @BFEE: FFE EHAHEEME; @
—AEARG: YR MERN: O SFEAE RN A TE 2 ~ 3 At ©RW: HIBRERE
JEHIRA . B3R SRS, - 20 CRBE SRR

KA B ZE BRI % (RIS 45, 2012) $REUHHG &4 5 MIiK. il MAT253 [Ff & %
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JRVE S AR S AR R AR . o, AR Z R A8 R MNE (Coleman etal., 1982), &4
PUAHAT T AR KE (SMOW) ndER T Z RN .

1.3 EFEFTESH

KH TransZol Plant {7 &HRICRALE RNA, MR 66E T (IMPLEN Nanophotometer
P-330, {EFE) JME RNA MI2ERE SR, I FH B lE MR kAl RNA Ji& . 1R SeR bk
SR HEEU) . RNA H DNase | B (TaKaRa) #E474lifk, FH iScript cDNA Synthesis Kit &%

(Bio-Rad) ATk M. 7% Strazzer 55 (2019) WIB|#FFHI#E4T CitPH3 (WRKY). CitPH4
(MYB). CitANI (bHLH) ] real-time PCR 7341, LA Actin fEWNZ %M. real-time PCR # M52 /7
95 ‘CTiANE 5 min, FHEAT 40 MEFRK] 95 CALME 155, 62 CiBK30s, 72 ‘CLEfH 20 s; 72 “CHEfH
3min, 16 CLRAF. RITRGNMEIREE 3 NMEYEHEE .

2 HHR50H

2.1 :F:%H'j]‘\ T.tum'}‘]‘l *ﬁ%:’—ﬂ‘ﬁ:nn T ?ﬂlﬂ

FHER 1 A, RN B A SRS K2 10 d Ja RS 2 2B B, R B A M R &R
%%E/J\ A3 T B T /N 12.94% ~ 20.97%M11 27.88% ~ 42.10%; T F Wl 40 d B 540 HE RS . 0
RN HRIRD 18.33% ~ 23.82%, HRJHEF(K T 45.17% ~ 48.67%. X FRAN - Ab# B AAAR,

%%Taiﬁi@éﬁﬁﬁ 0.8 Zifio FESER/NAIELIR 5t S AE AL 3R] G 3 2% 5 o

® 1 ERAENEKELER R M EHRTIME R R

Table 1 Effect of relative water content of substrate on the external quality of Satsuma mandarin

WHRREGD R EAE i /mm Y fe/mm R
Days of drought Relative water content of . o . . . .
Transverse diameter Longitudinal diameter Fruit weight Shape index
stress substrate
0 60 ~ 80 (Xt Control) 4824+1.19a 40.50+0.98 a 52.24+2.99a 0.83+0.02a
40 48.68+2.29 a 40.88+1.71a 5245+5.09a 0.84+0.03 a
30 4781+3.28a 39.90+4.46a 50.47+13.25a 0.80+0.02a
20 4730+3.85a 39.99+2.46a 50.99+£10.79 a 0.83+0.02a
10 60 ~ 80 (X} Control) 51.22+235a 4298 +2.20a 58.03+797a 0.83+0.01a
40 44.69+3.19b 36.32+3.30b 41.85+£10.29b 0.88+0.04a
30 42.54 £2.99 be 3547+1.78b 38.18+691b 0.83+£0.08a
20 40.48+£3.47¢ 3566+ 1.71b 33.64+6.94b 0.87+0.05a
20 60 ~ 80 (X} Control) 52.05+1.29a 4227+1.06a 62.03+5.85a 0.79+0.03 a
40 46.44+2.59b 39.04+£1.98b 45.61+£7.62b 0.76£0.07 a
30 4394+£2.01¢c 35.64+2.24b 39.87+4.75b 0.83+0.06 a
20 4332+1.43¢ 3524+221b 37.65+3.43b 0.83+0.04a
30 60 ~ 80 (Xt Control) 53.96+2.98a 44.03+1.65a 72.06+10.42 a 0.82+0.02a
40 4492 +2.05b 37.44+291 be 44.14+520b 0.82+0.06 a
30 42.69+3.14¢ 3519+£2.27b 41.90+5.87b 0.79+0.07 a
20 43.14+£237¢ 35.45+2.16 be 40.10+8.13 b 0.84 £0.06 a
40 60 ~ 80 (X} Control) 55.25+34la 4473 +£2.90 a 76.99+13.7 a 0.79+0.01 a
40 4417+£1.99b 36.53+£2.52b 4221+£5.02b 0.82+0.03a
30 4238+£391b 35.77+3.95b 39.95+10.09b 086+0.13a
20 42.09+3.52b 34.21+4.62b 39.52+9.20b 0.82+0.13a

e+ EHUERRARELR, AN R AL B ) S U E X N AR B R OR E R B . P<0.05.
Note: The numerical value behind “+” means standard error (SE) . Different letters on the numerical value within different treatments mean

significant difference (P <0.05) .
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A& 1T ATRA, TR e SRS AR AR AN R BB R AR/, T R S i, AR
IR TR, XA 22 5 1 5 A R P AN I 2R L SE D B 2

E1 TEERSKRLE 40 d FERMBHRETRES

Fig.1 Juice sac morphology of Satsuma mandarin treated with different substrate relative water content for 40 days

22 AEREETEMBXTEMNEZEHRSAAE SRR

AbEE 20 d N, X REFAF S b Ab B ZH SR S nT A VEE A (TSS) 3P A, AbERAHAN & T
XPHR s AbFE 30 ~ 40 d, XFHEIRSCH TSS & 82 08A T 0%, MR TSS & ERrLL T JF 23w T 0
40 d I} % AhFE RS2 TSS & EROIBRIIN 47.7% ~ 59.3%, FALFA|ZFRAK; ZA4LFE TSS S & E
BB (B2, A, T5MHEERSRRERIZO S, RS E RIS EA K. TRk
PSTRERE S R IRET G, T RAE 30 d AR EERE S E R E T X, (240 dBRPERT LT, K
L AR 2 K B 20%H0 A0 FE B2 v T HAB AR R (] 2, B). XRS5 A Sk B R A 4 b
BT E G BRR R 2R, 10 d ’HSIA R &, 20 d AR FR R 2w T X IR, 40 d R A BRSO R ) 22
SN (B2, C)o RG0S s S B e R AE 9.70 ~ 14.14 mg - g FW, BET- S i 1)
FEK S BRI T, 40 d IR IR T2 63.25% ~ 78.77% (B 2, D). AbFR[A] R szrh ek, B
W RH 28] 0 B 2 5 Bl T R ) R K 22 R IR TR /)

T W EA RS R AT B IR & B RPN %, TRPafs & 8n, 5 Me ™ E= ) R
SEHFFIERR I TN, 20 d 5 S0 3 B3 A TR 30 d B TUAE N 5 7K R 30% R 20% 40 HHIA 3 iy
w (14.87 f116.61 mg - g 'FW); 40 d I, FEFARNS & /K& 40%ABIA R m (12.85 mg - g 'FW),
BOREIEKIT 1A% (B2, B)o iRMEMRIERR S EEUR, FEET 5 40 d WS B hS B2E 5
TR (14.70% ~ 33.82%), AR Z [AZERAK (E 2, F).
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Fig.2 [Effects of different substrate relative water content (RWC) treatments on internal quality of Satsuma mandarin
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Fig. 3 Effect of different substrate relative water content (RWC) treatments on CitAN1, CitPH3 and CitPH4 genes
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HiaEaZEs (H 4,

SRR R 2 ~ 48 h ik b Hfase s TR K 2 h i R KERBOKSY, FETFAHRT &K
= 30% AL R OD {EAE 8 hikfm CAXTHRI 1.5 %), ZJafame; P& 7KE 10%0 402
4h ik EE CAXHER 2.1 %), ZERE (K4, A

XTREFZE AT 4 h U DO #ibs 8 hjEkesE, BEA BJb: ZEFUMXT S 7K E 30%A1 10% 1) b B
HKJG DOt F, 24 hik B m, el TRE: 24 h I 73l 2 xT ] 1.7 A1 2.3 £ (& 4, B).
WETTUK 2 ~ 8 h XTI Z 4R AR B 2% OD (EmE A FR%, 8 h ja Bl L7t, JEFAHNT S /K E 30%A1 10% 403
BITE 24 hik e mr, 219N HRI 2 F% 5 BEBURXS B 7K 30% 10 EE7E 2 h 1§ D,O Bzl Z 4R, T
FEFARN Bk 10% 0BRSS (B4, C)o EKJEXT R AR & /K& 10% 1 # — A4
M 8D B FFS: E T H 3 AT FEBRARN &K & 30% M40 FE NITE 24 h ik 35 s, HAERRER S K.
FLAEX K 10%0 2N, RIFEEE, 4 h A KE D,O (B4, D).

iR D0 = BERRSE B TE, G IRORI IS A T 75 /K & 30% K140 2 DO /KP4EAI%, 8 h P T ik,
48 h I & Ab 3 (A 2 R A (B4, ED.

D,O fEXT MR R SE iR R Is g, FRERG T5RE/K2~8h N, &4FEH D0 FEEKH
TR ZE s 8 ~24h, RSP SD EHFFIEIREI N, SAbH R, FEFA XS K E 10%A40 ] HE4:
T, 48 h BHIARI s, LK IR S £ BTN S /K& 30%40EEHT 24 h 52 ARX & /K& 10%
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JREBIE L) 45.17% ~ 48.67%. H FIREE S KA =S IRHEN, B R HIAR 5 SR A 1584
TR K 50% LA B4R S iE, R RS (A Sz /NI BRI R, 1T R AR RN

A SR S 8 KA S A LAt i BB 5 52 SRS N 7E b it (Pérez-Pérez et al., 2014), 5o B & 4
RSE R (6—10 H) Bk, I E0E. FHEH I RERE & P28 (Navarro et al., 2009): A
FHTE 2 RF IR XS 5 7K 40% T 52 )5 SR 2 R0 880 A B F0SOBE T o=, 17 RE R PR PR IR CGTR RS, 2015)
AHIE T A B BT B IK & 40% LA 5 e (R S 2 0] 1 e A SR S oA AR BRI SRR A e
TEREERTXE, AREET RO RS ZER, RUIFSE KT 2 R xS se ik 4
NE AR, 1T R AR RN . 5 e B R ST R I B AR, MM RS 5 60 d B,
MRS BB T2 1.5 4% (Sakamoto & Okuchi, 2007; #KIx, 2015); ik (2019) X iR
BN IR AT T R A0, A SR AT AR IR LU R =2 30%. 1 K EHAE (2014) XHHEER (1)
WA SRR FE AL HEAT T O, e T R SRR, BRI L B2 T, TR R R S
BERS, RMBRSERE BT, RSB RE AT oo SR AT AR IR BE SR S K B B3
B, MABANERSEET S 20 d FRFEERER KT, TR AR R ZE RN
ARSI R 2 A K. Bk, RSe KT 5 EZE R mirER AR R, I BT R (A X iR
ES AL N

WA R SA MR = B B3 AT, IR pH AT @ iz R SE IR E (Mller et al.,
1996). bHLH (CitAN1). MYB (CitPH4). WRKY (CitPH3) @it il H -ATPase B/ S8
W 3E N WOVEHE T R HE R VI RS (Francesca et al.,, 2006). AW T NHEERL EE RKBHERS E
BTG, R CitdNI. CitPH4 F1 CitPH3 W3Rk E SR 2R GES, 5 R 2 b —;
TP CitdANI. CitPH4 1 CitPH3 S5 HIIANFEREEE R i, HAET 2R N SRR R E L
BEES, XERETRAEBLIFER S ERZISE TR B, GRS TREER
SEFTER SRR E A, PR m 7 BRRA R R EEE, il — e BENTRRE
BT ST BRI S0 ) .

IR A1 ZE [ 4 ) RS I3 N RBAR 5 1) Lz (RBEH 5%, 2015). SEEEE FIERYLIE (2003)
BEIE T OKAEKFBAERS RGN INIER 5040, RPMUKEEREPAERN,  FEE— @ I K&
BB A, LUGIRET R BACTFSE (2012) R RKREEWT 78 5 B HE WL N SE R 4h K 7 is i
FEMERIR, VA MRSGERE G FIRAFITUKEELE 4 h iBfm, M EEAMETF FoT.
VAR R A By R RK SR BE B ETHE 24 hik . BT FRAEMTRG T 500308 J5 B i K oR i
WA RERY, KrEIRARFIZ R T T B rh FRRIR S, SR Rl 1 28 B b = FE R .
M AR 2 fE R B T R ISR 4y, 7E 4 ~ 8 h UK FEFFIE R i, TEMBEAZE 24 h i,
M 1A R PR A B S 8 ~ 24 h K HFIRIZIE RSLHFAL R, 24 ~ 48 h WK S BB & T8
Fle ik, WRRBOK D E SRR K e Z IH A, HEFRGHIEE T —RaE; BiFE
STOKTE S SEA RS BUHEN, B ROE ST 210 L8 K 5 Y RF 24 ~ 48 h A A RESRM R SL T

—F o

4 4Eig

TS R HA T 5 R B TR] A 1) 20 M B SR S S R R SR B R, RS S KR TE 20% ~
A0 o I N BT SR S R R S AR — B, TR ME TR AR R R TR R CitPH3 . CitPH4
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