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FEE R ITAR B 2 IR IR 7 VKO R S i W R VR, A B8 B PIORIE 8 SR ik g b, R SR SR
HA BT W 617 R 2E 2R (melatonin, MT ) Fl & 5 #i 12 9 I (prohydrojasmon, PDT) it , I 7 5 55 14 PN 7E i
J L FEXS AT R TR AR SR O SE R CSANT AT R IR M o S5 3 WIR SR SERE R, MT Ab ¥ )5 10,30 F150 d, 5K
AT PE TR Y (total soluble solids, TSS) 7 & 43 il % B B A 15.07 %0 .30.48 % F119.67 % , NP IR & & 1k
EHLE IR B9 18.35%6 . 19.11 % F130.30% ;s PDI A FR I B 2 B AR A 508 & 4, AL B E 10,30 #1150 d 391 F
W 25.10% . 36.14 % F1 34.25% . 7F 552 A HT I, MT &b 15 10,25 F1 40 d, #5468 1% 7 5 35 % R 40 43 31 484 in
106.19% .84.82% F163.10% ; PDJ AbF i 25 3 55 S 52 TSS &, AL BEJS 10,25 F140 d 435491 15.59% . 2.52%
F19.83% . MTAHEPKBHIE @O HAS AR & i T m 31.06 %0, CSANT F ik it W F . DL RS REN] R
SE R A S AT B it MT ] 2 SR SE Mt R A 3R, 9 0 3 L AR R R S 3L R CsANT 5 7 S A i 0

JiE PDI U BEHE S R 58 TSS & .

KR MG, RS R R SRR bR
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SRS BT & L AR OR, LU b R
BEIT o8 L TR/ TR AR AR 240 K 2 505 o 1 iR LA
PRIk B W B R A SRR Sy Y S A AL
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111 T2 T A
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R 45 AR SRR AR VOIS SR S SO LA 52 ) 99

O AT R, W 300 pwmol /1L Y 4 M
VAT R v R SR LY RV R B i TR A R AR
] S Ay i

FRATIR S it (jasmonates, JAs)/E R 21 N
B0 ORUS 5B 0 E K ET Bt
WPE KR AR P I G 1, A6 S AR R A A
FHH R ALK ET RS EE ST
FEUS BRI L AT R 1 (methyl jasmonate,
MeJA) Fil — & 2 # FR N lis (prohydrojasmon, PDJ) 4k
FHAT DRG0 R S bl i v DR B i, st R S
JRU L g R e SE SR B MeJA, BE 5 3L
R T SR ST e OB | TREORE | 0 R S i, 3L
RGN S o S T AR SRR AR R AN
P A 2 1 5 UG T 0 R 705 R A A b, MeJA AL
PDJ Y REAR 24 74 % (0, $2 e b BT 2t A m] v M [
Yo i B RS R

UTAF SR, AR PR 22 RS AR IR 2 ) I A LAt SR AR
Jo I A T A A0F 9 L IR — S R (R A XA A
SR A A FEARXT D o P, A58 A MT #1 PDJ
R OB SR 52 0 BT R AR AR [ &
0T ORI A R SR R R AR A, LU D R R
S b ST B BE RS AR B AR S RE
1 MRER=E
1.1 iRgesf et

W) RE g 4 4 A BRLAG B BH IO (° Qlan-
yang’ Bingtang Navel Orange) , 4% 18 T 55 & A1k i
DIOHE RS 7 DX Pl o 8 TR 34— B A T e T 5T
25 A 35 (] 7K I A8 B — 3
1.2 RIE4bIE

A BB ARALRE MT A PDJ B i i A0 34
g8 R RW A M R B Ch MT 100~150
}Lmol/I‘US.ZO-ZZJ . PDJ 50/\/100 mg/11[9-10,12-13,23] , %J‘:E
B RS HP IR R SRR (9 25 5, A I 9 e I T v v
Ab B B MT (150 pmol/L) \PDJ(100 mg/1.) .CK
I 7KXF ) 3N b B, 3 91| 7 S S oA B0 R SR ST ol 28
B30 2 A4 B3 X0 OB 4G AT I . RS Ab FREEHE 3
AR, FH [RD R FH 58 A B ALHE 51 , sk S Ak 380 1] (4 4 B
P, 24 B 30 g st Ak BEASE AR I R A7 SRS
KI AL BT 2023 4 8 H 4 H AT, Wit 2= 0 i K
A3 FAbFEJS 10,30 150 d BEA TS SEHURE 4307 5 B
AT 31 b B 43551 T 20234 9 A 20 HAT10 A 10 H
PEAT 2 YRt , T AL HRJS 10,25 #1140 d BURSZHEF7 4%

Wi BRUREURERS , SRAEM L R B Hh S5 R/ 6 4~ SR
SRR AR, 3 M EYIEEE .
1.3 REMENE

i FFBEIR— AP (Z4h , PAL-BX/ACID1, HA)
) SR 52 8 ] V1 TR 4 (TSS ) 1] 37 2 TR (titrat
able acid, TA) 7 & , Hop RN 5 756 5716 B 50 F% o
RO I BEHLEE I 6 R SR G , 4T 3IRAEW)
A R LC-20AT B 8o 0 3% (5,
H ) D 5 R v ml S M b AT PILIR & i, AR 1%
S Lug,
1.4 MTREMFTERBRREXEERE CSANT RiE
R0

T H At vKOBE RS AT 44, B & 50 pmol/L
MT #9 Murashige &. Skoog (MS) ¥ &5 I, DL IE &
MS i35 @ 4L 4L (WT) Xt B, 10 d Ji5 e
WAL, W EGE R T — 80 CUkFE A F . R H
o SRR £ % vk (HIPLC ) I 2 475 41 80P A A LR
. AHAEY) RNA $2 BUR 7] & (Steady Pure, 32
BEH A= 90) 43 9% MT 4b BEA WT @ 455 41 4Lk 17
RNA 25, BRI 2 RNA AR, 1% Bhs bl
B8 s FL VK IR AT RINA ST R ) I % Sk
(Evo M-MLV, 3L #} iy 4= ¥ ) #F 47 3 5% 5% &
cDNA, i H Talent ¢ 5 & & 6 1A 7] & ( Talent, K
HE) A9t 52 7t PCRAY (CFX96 Touch, Bio-Rad, 3&
), LL ActinVE RN Z I X CsSANT R Y ek 7K
AT RN S B AT
1.5 #HEFEHH

& I Microsoft Excel 2019 #k /4 #1 Graphpad
Prism 9.5 {4 147 4 Ak #8URN 15 26 64 |, 32 FH IBM
SPSS Statistics 22 #4777 22 537 Fl kb A 55

2 FHRE5HMH

2.1 BRI AHIBIHEMT 0 PDJ X3k #E#& R SLHE.
BRIREM I

B L AT, 7 TSS & & 1, MT A #E 5 10,
30.50 d HE52 TSS & 1 ¥ i K T X 41 (CK) L [#
&5 o 15.07 % ,30.48 %6 . 19.67 %6 5 i PDJ Ak B )5
10.30.50 d SR 52 TSS & &t ¥ 70 I # 224k (B 1A) .
REWE & B0 M4 S s, MT AR 30,50 d RS2
WO R CK R {I% 58.84 %4 . 34.95% ; PDI AL 5
10 d RS2 wERs & 140 CK B 1 n 22.24 %, 7640
G 30 d i F MK 41.60% (K 1B) . b & R
ZE R R, MT AR B S 30,50 d S5 S & B 45 CK



LS N AN S o ¢

944 %

100
14 ,
T ab c
S - b
E‘-e: Lk d d d L -
H]JH";'_“‘ .. 2
@i 10 e
2 gk
A R3S .
e 6k
‘ﬁ,—
EEoar
E—.F
2
0
10 30 50
A BHJS I [B]/d Days after treatment
CICK mmMI == pD)
251 -
b
z 201 ]
R < d
?ED‘S e de e
o
= £ 15
C s
%E 101~ f
® S 2
&) 5
0 30 50

4b 35 I} [B]/d Days after treatment

CJCK == MT mmPDJ

50
21 E S
&0 5
E =
= > 30F b c
B -mf cd | c
SE o
:_11 s e
S f
1 i.l
0 10 30 50
Ab P4 )5 5} [B]/d Days after treatment
CJCK mmMT == PDJ
251 a
e 20F b he
W O
22 e
HHTEF'T” 15
D 4 &
g5 10F
Lo
®S 4
0

AbPH )5 B [B]/d Days after treatment

FE BN F/ING Bk 32K [F]— b B [A) R AS [F) 4 2 8] £ 7F 18 35 22 5% (P<<0.05) , F A, Different lowercase letters on the columns indicate
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Bl RXEAEBIEMT 1 PDJERITAEERY (A EREB) RECOMAFED QAEETN
Fig. 1 Changes in soluble solids (A), sucrose (B), fructose (C), and glucose (D) contents in fruits after MT and

PDJ treatment during the fruit expansion stage

i FRAK 58.60 % . 21.05 % 5 11 PDI LB 5 10,50 d
SRS R CK 230 16,1926 .10.05% (B AEAL
G 30 d B 3 MK 47.43% (1 1C) o 450 & 43
Hrah B % , MT AR BRJS 10 d 55278 25 88 5 48 CK
B2 AR 7.00% 5 1 PDI AR5 10,3050 d 55274
B BB E S T CK, 80 4 58 16.93% .
24.60%.35.48% (I 1D) . LA F&A5FFI, S0 KN
MT A FHFEAR TSRS TSS &, H7E 30,50 d i A
JERE LS & a5 1 PDJARFLXT TSS & o2, (H
P TR AR RO B R e R AT S
Pl 2RI, 26 TA it T, MT 43S 50 d 2R
SETA a3 CK 8N 27.54 % ;1 PDI 4b 2 f5
10.30.50 d 252 TA & 5 i 8T CK, K 43 il
4 23.48% .21.98%,20.29 % (El 2A) o Frigiia & 1t o
Hras B s , MT 4R35 10,3050 d S SRR &
B CK 35191 18.35% .19.11% . 30.30% ; 1M PDJ 4b
FIJF 10,3050 d F 5L B R % 1 A CK ik 25 1K
25.10%.36.14% .34.25% (& 2B) . SR & 54T
iR R ,MT 5 PDI AP S 10 d RS R & 1
i 3 T CK, 3 R 43590 5026 .46.97 %6, {H AE Ab B
J& 30,50 d ¥ & 3 ik T CK, MT &b 2 24 [ 5k

16.52% . 32.44%, PDJ Ab BE 2 F% 1§k 10.34% .
17.40% (K 2C) o LA EE5HERI, JEAL I K MT &b
P R TSR & i, 0 PDJ A B 2 R
8T TA AP & o
2.2 RECREABIMRIGEMT 0 PDJ XFk #E4% RS04E,
R TR R0

H & 3 A0, 75 TSS &)y, MT 225 10 d
R TSS FaH CK MM 14.10% ,HFE40 d 1
FEAR 5.67% s PDI AL HLJS 10,25.40 d 52 TSS &
W T CK, 306 4 5o 15.59% . 2.52%
9.83% (B 3A) . FEME & i3 Ar 45 R WoR , MT 4b 3
J& 10,40 d 5 52 RS B i A CK i 2 38 n 9.46 %6 .
32.80% , PDJ AL BRANAE 40 d L3 H L Z A2 - , 14
W 15.64 % , 2 Fh AL FRAE 25 d 45 5 25 [ AR S S e
&8, MT FI PDJ 4b # 20 1% i 43 5 & 10.87% .
22.43% (K1 3B) . Mo b 45 A s, MT kb 28
J& 25.40 d 5 B pE B i CK i 3 R AIK 13.08 %6 .
9.73% ; PDJ AL #J5 10,40 d FWH& B4 CK W&
6.16% .4.85% ,{H7E 25 d B FR#EAK 7.15% (& 3C) o
R TS R R  MT A BR S 25,40 d 3 %
WA CK IR R 23.04% . 15.13% 51 PDJ kb FH
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Fig. 2 Changes in titratable acid (A), citrate (B), and malic acid (C) contents in fruits after MT and PDJ
treatment during the fruit expansion stage
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Fig. 3 Changes in soluble solids (A), sucrose (B), fructose (C), and glucose (D) contents in fruits
after MT and PDJ treatment before fruit maturity

TE 3] A P2 B E R (I 3D) . RLEZER T T TSS M & & .

FE0H, S AT PDJ A B i B v SRS TSS & FH &4 R, FE TA R BERR & /2 5 T, MT Ab 3
L, TEANBR S 40 d IR S L RS 10, S5 10.25 140 d, RS TA & B % W T CK, I IE
40 d I 25 18 T SR B MT AR BRAUEAL B S 10d 43 1) A 40.68%6 . 18.75% . 30.00 % , [a] it 47 45¢ iR 75 it
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B F & F CK, # g 4y 9 b 106.19% . 84.82% .
63.10% ; PDJAbFRJ5 10 d 52 TA & 45 CK 4
hn25.42% A BERJE 25 d 38 CK 8 FF#IK 12.50% , PDJ
Ab PSR IR & G 0 3 MR AL (KT 4A (B) o R
R & B e T 45 R R, MT AR H S 10,40 d SRS R
MR A CK B [ 72.01% .32.77 % s PDI AL B 5

be

10,25 F140 d 53501 & 34 W KT CK, B iR
4391 83.57% .29.56 % ,27.06 % (1 4C) . LA E45R:
FEU PSR MIT Ab B G 2 R v SR 52 T A R
BEWR & &, [F I Ab 35 10,40 d SRR & 2 & 14
s PDIARFR /S 10 d 2R 5E TA & &4, P 2R AR &
A I I BB AR
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Fig. 4 Changes in titratable acid (A), citrate (B), and malic acid (C) contents in fruits after MT and PDJ
treatment during the early stage of fruit maturity

2.3 MTREFITEHRBIREXEBERE CsSANT RIE
X AR
Ryt — A B R MT X A7 46 12 A3t i 52 ), )

50 pmol/L MT &b B pk 1S A s 221 . i & S5 T,

10 CsAN1
s 8r sk
=% 8 B
e w 61
£z g 7
ZE 6 2 &
A »EH < "y ol
413 B K & 4r-
gz [
B 21
E3 2 = 2r
< 5
o wr MmT 0 wr MT
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e 7R AN [ b B A7 A S 35 22 57 (P<<0.01) ¢
cant differences among the different treatments (P<<0.01).
5 MTREMHBEGALR 0 dETEREEAM
CsANTREE(B)EL
Fig. 5 Changes in citrate (A) content and
CsANT1 expression (B) in citrus callus
after 10 days of MT treatment

** Iindicate signifi-

50 pmol/L MT b BRUKHERE B0 412010 d Ji= , HiAr it
% 5 ik 0 v T AR AL R B AR R A U (WT) 1
W& 4 31.06 %, [a] BF CSANT i) 2 ik e 8 % F %
6.681%.
3 9t it

U AR, 6 MT 845 5 50 o i 92 H 5 44
%, MTTERGR G AR B PP vk DL A
R A=A e B 45 U T A H A SR o 3 PR FE 1Y
MT 4b 35 Be % £ i H 50 0 BB o AEAR ki
MT Kb 32 A5 XoF i 2H A 5 7t 2R S AR IR LU s, NI TE
Al S RIS MT 4b B A 40 2R R
BB A SR SR, T LA B a2 7 4 R S 1) A
b DT B v SR S B Y — Bt B T SR S
s ] 50 pmol /L MT xj‘ém%ié%ﬂﬁﬁufﬁnn
it , T S R T a2 R EDE Y

2 LS o R AIR ) ﬁﬁ?ﬁ?%%ﬁa/ﬁﬂ;ﬁﬂmﬁ@ 150
pmol/L MT, Zb B )5 10,3050 d H 52 i TSS &
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BEMT CKK1A) . W5 a5 R S5 AR %
F MT i 15 5 52 i o 42 T 9 28538 90 R — B0, HR A
A AN [ v B MUT Kb 35008 S5 SIWH 25 5 A 59 0 A2 7
25N TERRIRSC I, SN B RS MT MR (1 3
P ES 2ol A D= N D Sk R < e L AR
AR IS, 2 MT B B2 2o B, A 20 SR b &
g/ R, R A A SR S R AT MT 4k
B 077 A o) FH o e G DRl v B2 sk v ) SR S
J = N RISE R . IS, A ST T MT Ab 35 50 d
) TSS & EESE TALH S 10d, X—B 4l fig 5 £
FREREE A R A AE L AR A G, MT R3S 50 d, SRk
b TR RS 1, I TSS & 8 i oK 8 5, S5
MT X TSS #1815 1E A A R X — A= B 4 7
P S SRS A A K R S R AT TR

SRS AN , MT Xt HLRRA it a4
FHIRIRE 53 o AR A e SR 52 AU il JO 114 G S 4 A
A MR ) & AR A B R i SR S A & A . RS
FWI, AN MT Ab PR RE 08 A &80 4E 15 L 52 b TSS #il
TA R i, AR5 SRS B2 MT XA AL
A A A R s AR B A R B B, PSR S R ot
AR R R AR . 7E 2R RS A R
g R ImE it 100 pmol/L MT , A% T % BE2H , 4b B
701421 28 d RE MM ER SRR E T
59.76 % .25.79% .25.60% F1 14.71%"%)  [alkE, 1E 5K
TR L S g R 2 Yk 150 pmol /L MT, 52 iy 4
PURR & 2 3 17 178 %610 RIS b, SRSk
AN CAET S 150 pwmol /L MT 3478 &% 36 fin S8 sy
B & (2B (&1 4B) , 1 50 pmol /L MT &b B vikcH
a2 LI, MT FFESE TR A LU P PR
BRI R TR (B SA) , b4 5 e i i BT 75 2518
W4 . AN1AE N bHLH Kk E% £ H T+, & MYB-
bHLH-WD40(MBW ) & G AR i 4% 0 i, AMUAE AL
T 2 AR R S HEE T 18 7E 40 i R AL R 245 R 4%
h R BRI  ZERIE P, CSANT IR R iy
BRI IE TR T3 PHS 3235 S Ar 2R (1 o 1
HRAFFE W, IR pH B R JC R KT 530 %41
N E Rl G CSANT kKT HE T 52 Wi A7
MR B B AHIFGE S B, A I R R G it
CSANITEMT Kb 35 PR RS S 4l 2 rp o 25 19
FRIR(E5) o R aE AR e K AN g 2 iy 1 W it
150 pmol/L MT Al 75 At R AT IR A R, MT 7]
e o PR AT R R AL I CSANT I Ri6 S
g e 2
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e BRI @R, B m RS R
PDJJE N TA B KRR BT EY) , BR R R R
Yy TSRS, HL A 4 R S 5 B A R A
el fEARFFE T, PDI S 10,25 F140 d 3
SETSS Fr R T CK(E 3A) , X 51 A#FS
ShEE 2, BN, 7E SR PDJ Ab B 4 4 5 500t
P, B AT HbER B 3 AN AR R T
PEREDE Wy & i 35 2 5w, 9T 3R AT 6~7 d 3k Bk
BT R [E MR Y MeJA F PDJ Ab 3 3 Fi B 5 52, b
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BRI ARG SR 5

ARBR G AR T AR R ZE (MT) A SR 4 iR
PATR (PDJ) X vROHE A8 55 512 i o 52 ) (R ZEBIF 50 R
TR LR THREEZA . 5T Ir
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P e 2 B X PO AR () VR B R BB , AR R AR 5 T 1
TIAS [) e B Aok B2, LA 2 e it FH 700 0, 12 g DRI
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WISOR S5 i B A AR, oA St mT 2 KWL JE 3, EAf A1
T 2 A ) KUK o

£ % 3 ik References

(1] A mhear, AR5 dk, &5 AR Sk F i R b A PLBR &
S AR A S P B AR LT op ROl B 22, 2003, 36
(8):941-944.1.UO A C,YANG X H,DENG Y Y, et al.Or-
ganic acid concentrations and the relative enzymatic changes
during the development of citrus fruits[J].Scientia agricultura
sinica, 2003, 36 (8) : 941-944 (in Chinese with English ab-
stract).

(2] XU . voul e AR 2L RIS SR S sad A rholli R & 1 8 AL AT
FE[D] KW W Rl K%, 2011.LIU L Z.Changes of sugar
and acid content during fruit ripening of Bingtang orange and
Dahong sweet orange [ D ].Changsha: Hunan Agricultural Uni-
versity, 2011(in Chinese with English abstract).

[3] YAMAKI Y T.Organic acids in the juice of citrus fruits [J].

Journal of the Japanese Society for Horticultural Science,



104 LS PN S S 1 5 44
1989,58(3) :587-594. L1831 FNFIAR, RUFEID, 55 iR, 25 SRR IR P A A 4 & AN iE

(4] P4 WWe R, X0, 45 R A He (K39 00 2T A B 77 o A o M E et R (T ). AR B A 42, 2023, 39 (11) : 99-109.SUN
JH 5 5% B BR AR e BT [T, g Al B, 2023(5) : 215- Y T,LIU D S, QI X, et al. Advances in jasmonic acid regulat-
218.YIN Q, YANG X F, LIU W, et al. Application of plant ing plant growth and development as well as stress[J].Biotech-
growth regulator in citrus production and analysis of residue nology bulletin, 2023, 39 (11) : 99-109 (in Chinese with Eng-
limit standard [ J]. South-central agricultural science and tech- lish abstract).
nology,2023(5) : 215-218 (in Chinese with English abstract). [14] JANG G,YOON Y,CHOI 'Y D.Crosstalk with jasmonic acid

[5] HERNANDEZ-RUIZ J, CANO A, ARNAO M B.Melato- integrates multiple responses in plant development[J/OL ].In-
nin: a growth-stimulating compound present in lupin tissues ternational journal of molecular sciences, 2020, 21 (1) : 305
[J].Planta, 2004 ,220(1) : 140-144. [2024-12-05].https: //doi.org/10.3390/1jms21010305.

(6]  Hatf Amm, WhSCAL, 5 2R AR R A S ORI ME (151 ZRBOR), w80 i , Bk 0, 45 DR ATRR R W BN BRAR £ MR
JHBF 5 ik J [T, f BB, 2024 (3) : 13-20. YANG T B, S b B [T ] v R R, 2018,47(3) £ 107-112. 11
YANG L, YAO W K, et al. Research progress on synthesis QL,GAOD T,WEI Z F, et al.Effects of jasmonates on fruit
and regulation of melatonin in fruit trees[J].China fruits, 2024 quality of ‘Yingshuanghong’ peach [J]. South China fruits,
(3):13-20 (in Chinese with English abstract). 2018,47(3):107-112 (in Chinese with English abstract).

(7] Ed&, U I, A5 AMISAR R T 2 385 A b B R (161 A, Z2RMOt , R, A5 | SR BRBR S X AR AT AR 5235 2
BRI S [T]. & 5 R Tl L 2019, 45(21) : 147~ BTSSR [T ], Sy A & F L 2019, 17(7) : 2371-2378. HE
154. WANG J, HONG M, FENG Y, et al. Effects of exoge- P,LI L G, WANG H B, et al.Effects of jasmonates on color-
nous melatonin treatment on fruit quality and ethanol metabo- ation and quality of Qiutian peach [J]. Molecular plant breed-
lism of ‘Aiyuan 38" citrus[J]. Food and fermentation indus- ing, 2019, 17 (7) : 2371-2378 (in Chinese with English ab-
tries, 2019, 45 (21) : 147-154 (in Chinese with English ab- stract).
stract). (171 #esl, BRI , e, 45 . AR TR FE 6 Xot S SR SR S 5 o

[81 Mgz, ZeB, ShA IR, 45 . ML SRR HUT T I i i 2 22 %) SR [T ], A 9 IR 24412, 2021, 2(5) : 15-22. YANG G K,
Fe A A [T, L7 25, 2021(17) : 15-21.ZHAO H WU Y L, GAO Y, et al. Effects of exogenous methyl jasmo-
L, ZUO L, MA CE, et al.Effects of foliar spray of melatonin nate on the quality of apple[ J].Journal of fruit resources, 2021,
on tomato fruit quality during the fruit enlargement period [J]. 2(5):15-22 (in Chinese with English abstract).

Northern horticulture, 2021 (17) : 15-21 (in Chinese with — [18] T, Az, ' 4R, 2 . 3R IR I 2 08 s JC A i 2 S
English abstract). & 0 R TR sZ i [T]. B TEAR L B2, 2021(6) « 78-83.

[9]  HAZF bl , 35 SCEE, 55 . B 20X 20 21 552 1t A 5% T DING P,BAI Y G,HU J G, et al. Effect of jasmonate esters
[J].deo7 b 2 ,2022(4) :39-44. HU R P,FAN Z H,DONG Y on coloring and quality of flame seedless grape [ J]. Heilongji-
X, et al.Effects of melatonin on fruit quality of grape[J].North- ang agricultural sciences, 2021 (6) : 78-83 (in Chinese with
ern horticulture, 2022 (4) : 39-44 (in Chinese with English ab- English abstract).
stract). [19] FIMBESC . AT FR R 28 X 4 40 R 928 (4 R i BTy s [D ).

[10] Z=A8 06, o, SHOT AL, 45 . TR R B A K OB ot EROL BB, 2016.SUN X W.Effects of jasmonic acid
A E R[], E B 3R, 2022 (12) : 80-85. L1 G F, esters on grape fruit coloration and quality [D]. Beijing: Chi-
GAO Y X,MA W C,et al.Effects of foliar spraying melatonin nese Academy of Agricultural Sciences, 2016 (in Chinese with
on strawberry growth, photosynthesis and fruit quality [J].Chi- English abstract).
na vegetables, 2022 (12) : 80-85 (in Chinese with English ab-  [20] 0 . 4l S 2] 528 245 A 4 RN L S 0 0 B bt
stract). s D] HEL WAl K2F, 2020.ZHONG L S.Effects of

L1171 XSF7% W EL5 XA . SRATER I BTids e Rk b L i B melatonin on ‘Xiahei’ grape growth, fruit quality, and sucrose

[12]

ek [T]. £ 5 Tk BHEE L 2015, 36(7) : 392-395.LIU F H,
ZENG K F,DENG L L.Research progress in mechanisms of
jasmonates-induced resistance in fruits and vegetable [J]. Sci-
ence and technology of food industry, 2015, 36 (7) : 392-395
(in Chinese with English abstract).

FIF L BRFRR . ORFTRRISA R o I o ik e (). A= Bk
2#,2010,22(1) :45-58.WANG F,CHEN Z L..Advance in the
analysis of plant hormone jasmonates [J]. Chinese bulletin of
life sciences, 2010, 22(1) : 45-58 (in Chinese with English ab-

stract).

[21]

[22]

metabolism[D].Ya’ an: Sichuan Agricultural University, 2020
(in Chinese with English abstract).

RHIT AL, B A AMNE A B A R R R S A T
RysZm[J]. Bmd44, 2021,38(1) :40-49.WU C F,LIH Y,
LIU Q, et al. Effects of exogenous melatonin on growth and
fruit quality of peach (Prunus persica) [J].Journal of fruit sci-
ence,2021,38(1):40-49 (in Chinese with English abstract).
ZHAO L L,YAN S, WANG Y F, et al. Evaluation of the ef-
fect of preharvest melatonin spraying on fruit quality of

“Yuluxiang” pear based on principal component analysis [ J/



53

R 45 AR SRR AR VOIS SR S SO LA 52 )

105

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

OL].Foods, 2023, 12 (18) : 3507 [2024-12-05]. https://doi.
org/10.3390/foods12183507.

WANG X Q,CAO X Y,SHANG Y, et al.Preharvest applica-
tion of prohydrojasmon affects color development, phenolic
metabolism, and pigment-related gene expression in red pear
(Pyrus ussuriensis) [J].Journal of the science of food and agri-
culture,2020,100(13) :4766-4775.

LU X P,CAO X J,LIF F, et al. Comparative transcriptome
analysis reveals a global insight into molecular processes regu-
lating citrate accumulation in sweet orange (Citrus sinensis)
[J].Physiologia plantarum,2016,158(4) : 463-482.

BREER , XUD5 , ChRRH, 45 . SRR 20T PR 28 5l R S ik o
R (], L PG4l RR 2 , 2020, 48(4) : 527-530.HUANG C
J,LIU F,MA L L, et al.Effect of exogenous melatonin on the
quality of cherry tomato fruit[J].Journal of Shanxi agricultural
sciences, 2020, 48 (4) : 527-530 (in Chinese with English ab-
stract).

XS, ke i, EIRIT, A SN y- R T R SR R AL
B 21 P 5 B S BT B A AR DG R it S ey [ 7], 2R 2
#2,2024,41(6) :1094-1110.DENG H,ZHANG X Z, WANG
S K, et al. A study on the effects of exogenous y-aminobutyric
acid and exogenous melatonin treatment on fruit quality and
sugar metabolism-related enzymes in Hongsubao pear[ J].Jour-
nal of fruit science, 2024, 41(6) : 1094-1110 (in Chinese with
English abstract).

ZETHT, KR ST 20 AR IR R S A K R E SR BT
BEhAs [T]. 2B ARF5T, 2018, 36(2) :43-48. LI L, LIUR L.
Dynamics of fruit growth and main nutrients for Gannan Ne-
whall Novel orange [J]. Nonwood forest research, 2018, 36
(2):43-48 (in Chinese with English abstract ).

MARAK K A, MIR H, SIDDIQUI M W, et al. Exogenous
melatonin delays oxidative browning in litchi during cold stor-
age by regulating biochemical attributes and gene expression
[J]. Frontiers in plant science, 2024, 15: 1402607 [ 2024-12-
05].https: //doi.org/10.3389/fpls.2024.1402607.

XIAO Y Y,WU Y X,HUANG Z Y, et al. Mechanism of in-
duced soluble sugar accumulation and organic acid reduction in
plum fruits by application of melatonin[J/OL ].BMC plant bi-
ology, 2024, 24 (1) : 1208 [2024-12-05]. https://doi. org/
10.1186/512870-024-05949-x.

B AR CE F SOR Y3 S SO SR I A G ke B )
TEID]. M2 PUN AL R, 2024 WANG T.Effect of exoge-

nous melatonin on fruit development and quality of kiwifruit

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

and its mechanism[D].Ya’ an: Sichuan Agricultural Universi-
ty,2024(in Chinese with English abstract ).

SPELT C, QUATTROCCHIO F, MOL J, et al. ANTHO-
CYANINI of petunia controls pigment synthesis, vacuolar
pH, and seed coat development by genetically distinct mecha-
nisms[ J]. The plant cell, 2002,14(9):2121-2135.

MA X C,SHENG L, LI F F,et al.Seasonal drought promotes
citrate accumulation in citrus fruit through the CsABF3-acti-
vated CsAN1-CsPHS pathway[J].New phytologist, 2024 , 242
(3):1131-1145.

W SCE G ANTSEP (CSAND) 7EAP B TR SR v (19 4 FH 2
AR R XS CSANT Y FIK 520 (D] 53 AR el K2,
2019.YANG W X.The role of citrus ANI gene (CsANI) in
citric acid accumulation and the effects of different factors on
CsANI expression [ D ]. Wuhan: Huazhong Agricultural Uni-
versity, 2019(in Chinese with English abstract).

RALA WK R 38, 45 T SR SO B R Rk SRR i
1B L AT 5T (V] Bl 22 4, 2022, 49 (12) : 2543-2558
WU K J, HU C X, TAN Q L, et al. Research advanced on
character of sugar accumulation and mechanism of sucrose
transport in citrus fruit[J]. Acta horticulturae sinica, 2022, 49
(12):2543-2558 (in Chinese with English abstract).

SRR, 55 LB I - R B AR SRR P e RIS 2
S O S B EE R [T ], AR M, 2021(7) « 115-118.
ZHANG B,WANG Y,KENJIGULI S, et al.Effect of jasmon-
ic acid propionate on the coloration and quality of Xinyu grapes
[J]. Modern agricultural science and technology, 2021 (7) :
115-118 (in Chinese with English abstract ).

FAEW] . SREFRRERZE T S BB S G R [T A
Jlk {7 B, 2019, 36 (5) : 64-65. WANG S M. Jasmonates can
improve the fruit coloring and quality of autumn sweet peach
[J].China fruit news, 2019, 36(5) :64-65 (in Chinese).

S 3CHE  ABA A PDI X A A 96 G B2 [ D], 3%
FH « RS B K 2%, 2019.MA W Y. Effects of ABA and PDJ
on the coloration and quality of grape fruits [D]. Luoyang:
Henan University of Science and Technology, 2019 (in Chi-
nese with English abstract).

BEERLL . A RIS (MeJA PDI) XL & ZLAL S 5 B
HISZM LD ] 3% BH - g B %%, 2022.HAN C H.Effects of
bagging and exogenous treatments (MeJA, PDJ) on the fruit
quality of red-skinned pears [D]. Luoyang: Henan University
of Science and Technology, 2022 (in Chinese with English ab-

stract).



106 LRI I NI <3 4 544 3

Effects of melatonin and jasmonic acid on fruit quality
of Bingtang sweet orange

CHEN Hui', YANG Junfeng', LUO Shangmin®*, ZHANG Ling*, ZHU Qian',
ZHAO Yushuang', CHEN Tong', YAO Maosheng®, CHEN Yuewen'

1.College of Horticulture ,Hunan Agricultural University , Changsha 410128, China;
2.Bureau of Agriculture and Rural Affairs of Mayang Miao Autonomous County , Hunan Province,
Huaihua 419400, China;
3.Songjiawan Village Collective Economic Cooperative , Hunan Province ,Huaihua 419400, China

Abstract ‘Qianyang’ Bingtang orange was used to study the effects of melatonin (MT) and jasmon-
ic acid (prohydrojasmon, PDJ).MT and PDJ were sprayed during the fruit expansion stage and the pre-rip-
ening stage to assess the intrinsic quality of the fruits and the expression of CsANI, a key gene for citric ac-
id accumulation. The results showed that during fruit expansion, fruit soluble solids (TSS) content de-
creased by 15.07% ,30.48% and 19.67% at 10, 30 and 50 days after MT treatment compared with the con-
trol , respectively , while citric acid content was significantly increased by 18.35% ,19.11% and 30.30%.PDJ
treatment, on the other hand, significantly reduced the citric acid content, which decreased by 25.10%,
36.14% and 34.25% at 10,30 and 50 days after treatment , respectively.During the pre-ripening stage , citric
acid content increased by 106.19% ,84.82% and 63.10% at 10, 25 and 40 d after MT treatment compared
to the control group, respectively. PDJ treatment significantly increased the fruit TSS content by 15.59%,
2.52% and 9.83% at 10,25 and 40 days after treatment. M T treatment of citrus callus resulted in a 31.06%
increase in citric acid content accompanied by significantly upregulated CsANI expression. These findings
demonstrated that foliar application of MT during both fruit expansion and pre-ripening phases promoted cit-
ric acid accumulation and significantly upregulated CsANT, while PDJ application prior to ripening enhanced
the TSS content in fruits.

Keywords citrus; fruit quality ; melatonin; jasmonic acid ; sugar and acid
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