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Abstract: [Objective] The economic characteristics of pears, including fruit size, skin color, sugar and
acid composition, sugar-to-acid ratio, and fruit firmness, significantly impact the commercial value of
pear fruit and are of interest to various stakeholders such as producers, traders, consumers, and research-
ers. Glucose, fructose, sucrose, and sorbitol are the primary soluble sugars in pears, while malic acid,
citric acid, tartaric acid, and quinic acid are the major organic acids, with fructose and sucrose playing

crucial roles in determining fruit sweetness. Therefore, enhancing these traits is fundamental for pear
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production. Current strategies for improving fruit quality focus on enhancing environmental conditions
like water availability, soil quality, nutrient levels, and light exposure. While studies have explored the
use of external agents for foliar application to enhance fruit quality, there remains a research gap con-
cerning the pivotal enzymes that regulate sugar and acid metabolism, impacting sugar and acid levels in
the fruit. This research deficiency impedes the development of effective quality enhancement products
and the establishment of a robust theoretical framework. y-aminobutyric acid (GABA) and melatonin
(MT) are naturally occurring compounds with reported potential in regulating fruit quality, yet limited
research has been conducted on their exogenous application to enhance red-skinned pear quality. This
study investigates the effects of exogenous GABA and MT treatments on Hongsubao red-skinned pears,
analyzing changes in the activity of sugar metabolism-associated enzymes (soluble acid invertase, neu-
tral invertase, sucrose synthase, and sucrose phosphate synthase) and sugar content at various fruit de-
velopment stages. The objective is to elucidate the key enzymes influencing sugar accumulation in
Hongsubao pear and provide a theoretical foundation for developing quality control strategies for this
pear variety. [Methods] Experimental materials in this study consisted of Hongsubao pear fruit sourced
from the Zhengzhou Fruit Tree Research Institute of the Chinese Academy of Agricultural Sciences, spe-
cifically from the National Horticultural Germplasm Resource Library Zhengzhou Pear Sub- library.
During the fruit enlargement phase, pear fruit were given treatments with GABA solutions at concentra-
tions of 5 mmol - L' (G1), 10 mmol - L' (G2), and 20 mmol - L' (G3), or with melatonin (MT) solutions
at concentrations of 50 umol - L™ (M1), 100 pmol - L' (M2), and 200 pumol - L' (M3) via foliar applica-
tion. Foliar spraying with distilled water served as the control (CK). The impacts on individual fruit
weight, longitudinal and transverse diameters, coloration of the sun-exposed fruit surface, peel firm-
ness, soluble solid content, sugar and acid levels, sugar-to-acid ratio, and activities of sugar metabolism-
related enzymes were assessed throughout the developmental stages of pear fruits. [Results] The opti-
mal concentrations of exogenous GABA and melatonin (MT) treatments notably improved various char-
acteristics of Hongsubao pears, encompassing individual fruit weight, fruit coloration on the sunlit side,
fruit firmness, soluble solid content, sugar and acid contents, and sugar-acid ratio. Particularly, treat-
ment M1 significantly increased individual fruit weight, sunlit side coloration, firmness, sucrose, sorbi-
tol, fructose, and total sugar contents, sweetness value, and sugar-acid ratio by 18.48%, 351%, 12.21%,
176.62%, 52.24%, 57.21%, 50.81%, 54.99%, and 25.54%, respectively. Treatment M2 notably in-
creased soluble solids by 11.79%, while treatment G1 enhanced glucose by 32.74%. Exogenous treat-
ments also substantially elevated the activities of sugar metabolism-related enzymes during the develop-
ment of Hongsubao pears. For instance, G2 treatment raised soluble acid invertase (S-Al) activity by
69.21% at 66 days after full bloom (DAF); G1 treatment increased neutral invertase (NI) activity by
81.44% at 66 DAF; M3 treatment enhanced sucrose synthase (degradation direction) (SS- I ) activity by
72.53% at 108 DAF; G3 treatment increased sucrose synthase (synthesis direction) (SS-II) activity by
17.77% at 94 DAF; and M1 treatment augmented sucrose phosphate synthase (SPS) activity by 79.42%
at 154 DAF. [Conclusion] Foliar application of a 50 pmol - L' melatonin solution significantly im-
proved individual fruit weight, color differentiation, and soluble solid content of Hongsubao pears, key
economic traits of the fruit. Moreover, it notably increased sucrose phosphate synthase activity, leading
to elevated levels of fructose, sorbitol, sucrose, and organic acids in pear fruit, thereby increasing sugar-
acid ratio, sweetness, and overall fruit quality.
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Fig. 1 Effects of exogenous treatments on the appearance and quality of Hongsubao pear
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Table 1 Effect of exogenous treatments on sugar content of ripening Hongsubao pear
e wCRBD w2 D wlIZLED w R wCEHED At
) Fructose content/ Glucose content/ Sorbitol content/  Sucrose content/ Total sugars content/ -
Treatment B o o 0 o Sweetness
(mg-g" (mg-g" (mg-g" (mg-g" (mg-g"
Xt 8 Control 45.27 be 22.40 bed 2479 ¢ 432d 96.78 be 109.14 cd
50 umol- L' MT 71.17 a 25.09 abc 37.74 a 11.95a 14595 a 169.16 a
100 pmol - L' MT 53.28b 28.72 ab 32.85ab 425d 119.11 ab 130.74 be
200 pmol-L* MT 58.94 ab 28.29 ab 28.29 be 7.16 b 122.68 ab 141.42 ab
5mmol-L"' GABA  53.06b 29.73 a 34.07 ab 4.79 cd 121.65 ab 132.09 be
10 mmol-L"' GABA 36.64 ¢ 16.82d 23.08 ¢ 1.85¢ 7839 ¢ 86.98 d
20 mmol-L' GABA 54.23b 20.50 cd 2149¢ 6.04 be 102.26 be 123.88 be
W R F/NG FRERIRAE 0.05 KPP ZEREE. TR
Note: Different small letters in the same column indicates significant difference at 0.05 level. The same below.
2 INEALEEX AR AEAA B E R R IR S 2 HFM
Table 2 Effect of exogenous treatments on acid content of ripening Hongsubao pear
wOERED  wiirBER  wlERD w(EHER  wE TR w( IR wCR R RS LL
posii Malic acid Citric acid Oxalic acid Shikimic Quinic Succinic Total acids 5
. . . Total sugars/
Treatment content/ content/ content/ acid content/  acid content/  acid content/  content/ :
0 0 N r r 0 . Total acids
(mg-g") (mg-g" (mg-g" (mg-g" (mg-g" (mg-g") (mg-g"
Xt 8 Control 0.1564b 0.066 3 ¢ 0.008 5 a 0.009 5b 0.0113a 0.1092a 0.3613a 277.72 abe
50 umol- L' MT 0.225 8 ab 0.064 6 ¢ 0.002 1b 0.0120a 0.006 1 a 0.1100a 0.4206a 348.65 a
100 pmol - L' MT 0.1986 b 0.066 9 ¢ 0.0031b 0.0119a 0.0074 a 0.10504a 0.3930a 304.61 ab
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Fig. 3 Effect of exogenous treatments on sugar content of Hongsubao pear



A

e, 55 AN y-ZIE T ER AN SN A 22 Ab B0 211K 5 A SR S it S0 A KA R S Bl ) S ) 1103

wGERER)

Malic acid content/(mg-g")

wCR B
Fructose content/(mg-g")

Total sugars content/(mg-g")

80

70

60

50

40

30

20

10

160

140

120

100

80

60

40

20

0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

XPHE Control e 50 pmol-L'MT ~ =-=---- 100 umol - L' MT

----- 5 mmol-L' GABA — — - 10 mmol-L" GABA —+— 20 mmol-L' GABA

== ==200 pmol-L"' MT

I

66 80 94 108

FRAE S5 I (8]
Time after full bloom/d

R Control e 50 ymol-L'MT ~ =-=------ 100 pmol - L' MT

----- 5 mmol-L"' GABA — — - 10 mmol-L' GABA —-— 20 mmol-L' GABA

154

== ==200 pmol-L"'MT

52

66 80 94 108
REAE S5 ] 1]
Time after full bloom/d

E3 (£ Fig.3 (Continued)

& Control e 50 umol-L'MT ~ =====-- 100 pmol-L"' MT

----- 5 mmol-L' GABA — — = 10mmol-L' GABA —-— 20 mmol-L"' GABA

154

== ==200 umol-L"' MT

52

Fig. 4

66 80 94 108
REAE S I 1]
Time after full bloom/d

El 4 SNRAEF IR ERR IR S ERF00

Effect of exogenous treatments on acid content of Hongsubao pear

154



1104 3 i

4

{: 4145

XPHE Control e 50 ymol-L'MT ~ =-=------ 100 umol -L* MT = ===200 umol-L'MT
----- 5 mmol-L"' GABA — — = 10mmol-L' GABA —-— 20 mmol-L"' GABA

wFF R
Citric acid content/(mg-g™)

52 66 80 94 108 154
BEAE S5 I [
Time after full bloom/d

X Control — seeeeeeeeeens 50 umol-L'MT ~ ======- 100 umol -L' MT = = = =200 pmol-L" MT
----- 5 mmol-L' GABA — — = 10mmol-L' GABA —:— 20 mmol-L' GABA

Oxalic acid content/(mg-g™)
=)
2
f=)

52 66 80 94 108 154
REAE S I 18]
Time after full bloom/d

XTHR Control e 50 umol-L'MT ~ ===---- 100 pmol-L"' MT - ===200 pmol-L"'MT
----- 5 mmol-L"' GABA — — = 10 mmol-L' GABA — - — 20 mmol-L"' GABA

0.020
0.015

0.010

ﬁ
Shikimic acid content/(mg-g™)

0.005

0.000

52 66 80 94 108 154
JEAE S I 1)
Time after full bloom/d

B4 (£5) Fig.4 (Continued)



$6

7

1

xng, A

o AN y- B I T RN A/ A R 2R A T X 1 IR = AR S RO A AT O B 5 1105

w(ZE T
Quinic acid content/(mg-g™)

wIEHIR)

Succinic acid content/(mg-g")

wCETR)
Total acid content/(mg-g")

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0.00

0.30

0.25

0.05

0.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

XPHE Control e 50 pmol-L'MT ~ =-=---- 100 pmol -L* MT = ===200 umol-L'MT

----- 5 mmol-L' GABA — — - 10 mmol-L" GABA —+— 20 mmol-L' GABA

52 66 80 94 108 154
REAE S5 ] 18]
Time after full bloom/d

R Control e 50 ymol-L'MT ~ =-=------ 100 pmol-L"' MT == ==200 umol-L"' MT
5 mmol-L"' GABA — — = 10mmol-L' GABA —+— 20 mmol-L"' GABA

52 66 80 94 108 154
REAE S5 I 1]
Time after full bloom/d

XHE Control e 50 ymol-L'MT ~ =-=------ 100 pmol-L"' MT - ===200 pmol-L"' MT
5mmol-L' GABA  — — = 10mmol-L' GABA —-— 20 mmol-L' GABA

52 66 80 94 108 154
BEAE S IR

Time after full bloom/d

E 4 (£5) Fig.4 (Continued)



1106 ®OW ¥ M B4
A O X Control B 50 pmol- L' MT 0100 pmol-L"' MT 8200 pmol -L"' MT
05 mmol-L' GABA B10 mmol-L' GABA 820 mmol-L' GABA
- 500
.8
g 450
“en
5 400 .
o0 a
HE e 350 a - aa
g2 4 cheh
2 E 300 : i
& B L #
T2 250 o
& E 150
T2 ®
2 100 -] b
s . be b b ab%apab
S0 . blE e bopHERL pec®l oo memPlEp
° 0 ] 1 EAl = :
52 66 80 94 108 154
FRAE 5 I [
Time after full bloom/d
B
O X Control B 50 umol- L' MT 0100 umol- L' MT 8200 pmol - L' MT
30 05 mmol-L' GABA B 10 mmol-L' GABA 820 mmol-L' GABA
TE a
g 25
o :
; 1b
5 ]
H = b i
Py 20 cbcd : a
g = d d ab % ab a2
2515 ag 2 a - abit] ab a b 2%
& 8 ala .
oo i ] b b a H
TE o 5 - al?
*+ 5 T
g
E 5
3
z
0 JE ] 3 4
52 66 80 94 108 154
REAE 5 N (8]
Time after full bloom/d
C
O X%t Control B 50 umol - L' MT 0100 umol - L' MT 8200 pmol -L"' MT
700 05 mmol-L"' GABA B 10 mmol-L' GABA 820 mmol-L' GABA
a
- ~ 600
m 2 E
= 8~ 500
EE®
,‘.Q § %‘f‘
= o< 400
K & z
o€ .5
=25 300
2 >392
B oo L
o g.s 200 i
AR )) ol
E22 100
° &

REAE S I 1)
Time after full bloom/d
[El—IHIA NG T RERIRTE 0.05 KT 2R B3
Different small letters in the same period indicates significant difference at p<<0.05.
E5 SNRACIEITLIERE FLR SRR GIAE KBS TR 1 OS2I

Fig. 5 Effect of exogenous treatments on the activities of enzymes related to sugar metabolism in Hongsubao pear



# 61 X WL ANIR p-ZUIE T BN R AR S B A T AT IR R ARSI R RO A S 1 R 1107
4
D 2500 - O X} Control B 50 pmol - L' MT 0100 pmol-L"' MT 8200 pmol-L"' MT
. O35 mmol-L" GABA B 10 mmol-L"' GABA 20 mmol-L"' GABA
#H o, 2 a a
E’;I _EE E 2000
ZFEw
— 5
SRR
i~ = = 1500
% =% 1000
Q ~
g
= § '% 500 F
o g aby, a03abg
b FBmE
0 p A EE
52 66 80 94 108 154
F%4¢ J5 I 8] Time after full bloom/d
E 600 O %} 8 Control B 50 ymol- L' MT 0100 pmol-L"' MT B200 pmol-L"' MT
E‘ O35 mmol-L' GABA B 10 mmol-L' GABA 20 mmol-L"' GABA
= 500 |
4 8
= o
g~ 400 F
=
§ g, 300 ¢ . at
N a a a
Z2 o B bed  Lab ab b MR be I
B 2o~ 200 i cd  be ] Fide c = = %
° 100 i A 5 1 EE:
g i AL : A
2 ! e : A EE
0 # LI JEES : LI EED
52 66 80 94

FEAE )5 18] Time after full bloom/d

Es5 (&)

154 d ) 50 pmol - L' MT &b B 4k, 1 4% &b ¥ ) SPS
IR AT 350 pg-g' - min' 2. HXTHEARLE,
50 umol - L' MT 42 f) SPS iif 1 £ B AE )5 154 d %
SN R O IR SE R R 79.42%

3 %

SRS RE AT S R R R
R AT R & B A LR & BT IR LL R SR 52
HE A BEIR , B R SC R d . H AT
A RANIE AL BT S TR R B TR S T
eSS TR 5 SN Y ST NG K TR
R BN B P SR AR, 20550 R F MT
T B GABA Y WRZEAT M I Wit , 4 B 2 3R 1 b
RAEP R SR . 2B {8/ 50 pmol - L 4R R
BT ARSI K S AT o et A5 B T AR R IR 45
R BEFRE T ARERR SRR ORI OPE.
RABERL ] A S & AT S R AL
MRS EARER L . AR T, E SRS AW
FUMALE, SRSEAIR & B W N R R LA B3 E
Tt I AT fE A B TP R MO S5 PR R AR AN [,

Fig. 5 (Continued)

SEH A TRA 5 B UL SR LA B B, HE A
P T ML A A 90 E 320 o H B 43 4
Tl g S HAE RN ANE 4, 5 8L it — i ot

SS.SPS. S-AIL. NI 5 i AR 1 Bl 5 S S b 40 F1
SO, B e B A o 1 B S R A M
M XAREREE, ATAFARH, ERLEFT
FErH S-ALNILSS- T CREBE 7> fift g ) 3 [ {4 J3E B 11
I3, SS- 11 AT SPS CHRE 4 75 BB ) 2 [ 4 4, 788 A 11 5
J, 7R R SR B AT, RIBEAE S5 90 d /T, SRS Y IEME
3 AR TS PR A v TR BB VS T AT T W TE
I3 B AL T 20 A SRMERIRS] 57 00 5 SR SadE N i
i KW CEAE G 90~110 D J& , BERE M B E 5 K &
AU AR BB T B, RERE & BB VE T 2 b, TR
BTN 2 B O AE IS 110 d) S Sy pEpE & B 3%
T, SPSIEMETFEMH SS- TGV U R B 1L ALEE TG
B AR BT, S B — B A s S5XTR
AR LG, 78 SRS % A R 3 CRSERZ KIHD , 200 pumol - L
MT Ab342 5 T S-ALNIAISS- | 3G Rk TG
HH R SR IR PRI , 50 umol - L' MT Ab B 3%
s 7 SPSIEME, 5 mmol - L' GABA 120 mmol - L™



1108 xrOW

{: H4a14

GABA Ab PR & 1 SS- 11E M, [y S Sz Ay m s
P& BA R BT E LR S B RS b AL
KM 5 RSN BE & B K B A T IR L A
WHA , 3 23— B T

4

gt 1B

FEA AR 56 VA PN B A 5 500 JIEAR L, 1 T 1 it

50 pmol - L™ ) MT ¥ VU0 2115k 55 A4 58 R/ R
P | SR SR A5 SRS B B 2 R T, TR
T TR A T O Il R A TS 1, B v TR R B
MIFERR L .

ZEHL References:

(1

(2]

(3]

(4]

(3]

(6]

(7]

(8]

TENG Y W. The pear industry and research in China[J]. Acta
Horticulturae,2011,909:161-170.

BRel T . A R R R AL R S A R ST ORI FE[ D).
B B RUAOR S, 2011,

YAO Gaifang. Conformation and characteristics of sugar and ac-
id in pear fruits of cultivated species[D]. Nanjing: Nanjing Agri-
cultural University,2011.

&y ANV R S DR FRAR B Sy it NN
TR SR 22 B 241, 2023 ,38(4) : 83-87.

LI Yonghong. The impact of the microclimate conditions created
by the canopy spraying of water on the fruit quality of mantian-
hong pear[J]. Journal of Yueyang Vocational Technical College,
2023,38(4):83-87.

RIRME S BRI, K B, AR L . AR RS X = R AL R
BISENALT]. PR AOLRH, 2023,44(9):31-34.

SONG Xinyi, CHEN Bo, YE Yongming, XU Kai. The effect of
raw grass cultivation on the fruit quality of Yunhe Snow Pear[J].
South- Central Agricultural Science and Technology, 2023, 44
(9):31-34.

K% T, RIPFER  BORTE, SR, sk Bk, B H iz . b HRR S
TRV JEE A 200 7 5 L S o B A S IR ], T R B, 2021
(10):66-78.

LIU Ailong, LIU Danxia, YIN Dongsheng, LIAN Han, ZHANG
Yiting, CHEN Riyuan. Effects of extremely low drainage rate
and nutrient solution concentration regulating on tomato fruit
quality[J]. China Vegetables,2021(10):66-78.

SR . A 1 VR T 7 0 9 I AR K il B 5 e
FL[D]. F& % : I A0l K%, 2020.

HAN Yaping. Effect of selenium mixed with enzyme on growth
and quality of tomato and spinach[D]. Tai’ an: Shandong Agri-
cultural University , 2020.

RS . AR T B AR S IR 5 R B R S AL O R
HT[D]. Bfhi/R « B AR K52, 2023.

ZHANG Chi. Effect of bagging on fruit quality of red pear and
difference analysis of peel redness[D]. Ala’ er: Tarim Universi-
ty,2023.

R R SO, gk Mt AR, Ml . ARIRIRER
xof Bk s A IR S A R R N B IR 1A I [0, 0 ROl AR
2018,30(2):38-41.

[9]

[10]

[11]

[12]

[13]

[14]

[13]

[16]

LI Gangbo, ZHAO Lin, ZHANG Ting, ZHANG Mei, YANG
Yan, WANG Fujian, YANG Feng. Effects of different paper-bag
bagging on fruit growth characteristics and sugar, acid content
of early- maturing pear[J]. Acta Agriculturae Jiangxi, 2018, 30
(2):38-41.

BOORT- . R+ ARV AR 2R AL S B R[], 2R
il 2,2023,11(2):103-107.

HUANG Baoping. Effects of cultivation of rain shelter com-
bined with bagging on fruit quality of ‘Cuiyu’ pear[J]. South-
east Horticulture ,2023, 11(2): 103-107.

SR . AR 42 R T o Skl 355 o 7 A AR A SR S S 5
WA[D]. SFH = ST K5 2022.

YAO Yilin. Effects of light regulation and rain shelter cultivation
on physiology, biochemistry and fruit quality of blueberry[D].
Guiyang : Guizhou University,2022.

EHRAL, B, U2, 40, R Im R, AT BT, B4 . Me-
JA Kl PDJ X0f 3 AL B SR R S (0 W 5 L RS2 ).
o E R, 2022(12) : 14-19.

HAN Chunhong, LI Bo, YANG Yingjun, JIANG Wei, ZHANG
Xiangzhan, WANG Qian, CHEN Dixin, XUE Huabai. Effects of
MelJA and PDJ on fruit coloration, sugar and acid content of
three red pear cultivars[J]. China Fruits,2022(12): 14-19.

FAT IR X A 2 5T SRR SRS SR RS R (D).
B & AT B KA, 2021

HU Zhen. Effect of prohexadione-Ca on growth and fruit quality
of ‘Changfu 2’ apple[D]. Urumgqi: Xinjiang Agricultural Univer-
sity,2021.

BRFPE . AT B2 SR S BT PR R ) B LA SR S ASA BRI
AEPEHLAI[D]. Hr 2 - B R A B 2020.

CAI Liping. Effects of selenium on strawberry fruit quality and
its physiological mechanism of regulating fruit ascorbic acid ac-
cumulation[D]. Xinxiang: Henan Institute of Science and Tech-
nology,2020.

TAEYE, DA, B IE, GERI R B R, E AR SR
y- IR T IR 2 7 VA ML RE R AT SRERE D). Tl Sk
% Tk, 2020,46(23):238-247.

NING Yawei, MA Mengge, YANG Zheng, HOU Linlin, ZHAO
Zhongqing, CHEN Yi, WANG Zhixin, JIA Yingmin. Research
progress in the enrichment process and functional foods of y-
aminobutyric acid[J]. Food and Fermentation Industries, 2020,
46(23):238-247.

EF 0 I RO, AR, 8, TR, WSt il
IR p- B T TR T I B 60 R S IR AU A A [ SR
241%.,2023,40(4): 699-711.

WANG Yuhang, HAN Aimin, ZHANG Limei, LI Dou, JIN Xin,
WANG Chunheng, FENG Lidan, YANG Jiangshan. Effects of
exogenous y-aminobutyric acid spray on sugar and acid metabo-
lism in Cabernet Gernischet grape berries[J]. Journal of Fruit
Science,2023,40(4):699-711.

AR, 2 I RO, 2R3, EF, B8 W il
MR -2 T IR X s e B 5 R B AR R S [T]. SRR
2£3,2023,40(7): 1386-1398.

WANG Chunheng, HAN Aimin, ZHANG Limei, LI Dou,
WANG Yuhang, JIN Xin, FENG Lidan, YANG Jiangshan. Ef-
fects of y-aminobutyric acid on carbon and nitrogen metabolism

in leaves of Cabernet Gernischt grape[J]. Journal of Fruit Sci-



%6 X

e, 55 AN y-ZIE T ER AN SN A 22 Ab B0 211K 5 A SR S it S0 A KA R S Bl ) S )

1109

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

ence,2023,40(7):1386-1398.

R R B, AL, EFH0 ST, EHEE, &, 5
SR - T RO A A ER | P URCR A R R
M [J]. AR 4R , 2023, 58(2) : 83-92.

HAN Aimin, YANG Jiangshan, ZHANG Limei, WANG Yu-
hang, FENG Lidan, WANG Chunheng, JIN Xin, LI Dou. Ef-
fects of exogenous y-aminobutyric acid on photosynthetic pig-
ments, endogenous hormones and grape quality[J]. Journal of
Gansu Agricultural University,2023,58(2):83-92.

HIJAZ F,NEHELA'Y ,KILLINY N. Application of gamma-ami-
nobutyric acid increased the level of phytohormones in Citrus si-
nensis[J]. Planta,2018,248(4):909-918.

WR55, R, kLS, MEE, REIL, MWEE, BREE, bR
B . ANE GABA AR BN R J 3 2 AR SR S it ORI DR A5 2R )
SN [J]. S 224, 2022,39(4):652-661.

CHEN Xiu, LUO Zhenyu, ZHANG Yanan, YANG Xuezhen,
YU Zhihui, XIANG Miaolian, CHEN Jinyin, CHEN Ming. Ef-
fects of exogenous y-aminobutyric acid treatment on fruit quali-
ty and preservation of postharvest Jing” an ponkan[J]. Journal of
Fruit Science,2022,39(4):652-661.

R . SN GABA FIHE R R I Bk AR SR IR ¥4 OB
FL[D]. g FIRATE K, 2016.

SONG Chunbo. Mechanism study of exogenous y-aminobutyric
acid and melatonin alleviates chilling injury in postharvest
peach fruit[D]. Shanghai: Shanghai Ocean University,2016.
TS ARAE , R A0, SR O, R L BN T, MR, MR
W -G T R IR PPt Bk SR SRR A QU OS2 [T, Ak
2£4%,2020,34(7): 1470-1479.

FANG Xiaoqin, XU Liwei, ZHU Tingting, CHAI Jichuan, YU
Fan, SHI Liyu, CHEN Wei, YANG Zhenfeng. Effects of y-ami-
nobutyric acid on sucrose metabolism of peach fruit under stress
of low temperature[J]. Journal of Nuclear Agricultural Sciences,
2020,34(7):1470-1479.

GAOTT,LIUXM,TAN K X,ZHANG D N,ZHU B L,MA F
W, LI C. Introducing melatonin to the horticultural industry:
Physiological roles, potential applications, and challenges[J].
Horticulture Research,2022,9 :uhac094.

MCGUIRE R G. Reporting of objective color measurements[J].
HortScience, 1992,27(12):1254-1255.

TSR BB, EXRE BUE IR I, A | R
RSHE RAACHUT]. VEAEAOL 241, 2010, 19(11): 131-134,
YU Nianwen, LI Juncai, GUO Xiuwu, WANG Jiazhen, CAI
Zhongmin, SHA Shoufeng, LI Hongjun. Dynamic of sugar and
acid content in Nanguo pear[J]. Acta Agriculturaec Boreali-Occi-
dentalis Sinica,2010,19(11):131-134.

Phiss , RS, AR R IE 0 E EHYL B EE 10 DA
RGEAL I RV ENE S A DL & BT[], T Al
KEFEEAR,2011,34(5):25-31.

YAO Gaifang, ZHANG Shaoling, WU Jun, CAO Yufen, LIU
Jun, HAN Kai, YANG Zhijun. Analysis of components and con-
tents of soluble sugars and organic acids in ten cultivars of pear
by high performance liquid chromatography[J]. Journal of Nan-
jing Agricultural University,2011,34(5):25-31.
W7, AR WS R, SRR, FAL, K, B AR
AN TR R B P AL S rh Al W A 4 B AR AE D], o R
Fl,2010,43(20):4229-4237.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

YAO Gaifang, ZHANG Shaoling, CAO Yufen, LIU Jun, WU
Jun, YUAN Jiang, ZHANG Huping, XIAO Changcheng. Char-
acteristics of components and contents of soluble sugars in pear
fruits from different species[J]. Scientia Agricultura Sinica,
2010,43(20):4229-4237.

HUANG Y, XIONG Z T, DAI L P, GAO J Q. Effect of Cu
stress on the invertase activity and root growth in two popula-
tions of Rumex dentatus L. with different Cu tolerance[J]. Envi-
ronmental Toxicology,2008,23(4):443-450.

HUANG Y W, NIE Y X, WAN Y Y, CHEN S Y, SUN Y,
WANG X J, BAI J G. Exogenous glucose regulates activities of
antioxidant enzyme, soluble acid invertase and neutral invertase
and alleviates dehydration stress of cucumber seedlings[J]. Sci-
entia Horticulturae,2013,162:20-30.

MIRON D, SCHAFFER A A. Sucrose phosphate synthase, su-
crose synthase,and invertase activities in developing fruit of Ly-
copersicon esculentum Mill. and the sucrose accumulating Lyco-
persicon hirsutum Humb. and Bonpl[J]. Plant Physiology, 1991,
95(2):623-627.

LOWELL C A, TOMLINSON P T, KOCH K E. Sucrose-metab-
olizing enzymes in transport tissues and adjacent sink structures
in developing citrus fruit[J]. Plant Physiology, 1989, 90(4):
1394-1402.

SCHRADER S,SAUTER J J. Seasonal changes of sucrose-phos-
phate synthase and sucrose synthase activities in poplar wood
(Populus % canadensis Moench ‘Robusta’) and their possible
role in carbohydrate metabolism[J]. Journal of Plant Physiology,
2002,159(8):833-843.

G, TRTE, R, TOGIE, ARG, T, i, A A Ak
e AR S FONS A Jai SR S il R RN R YR R ) RSV ] T
L X MR 7T, 2023 ,41(4):83-95.

DOU Jianhua, ZHANG Yang, YUAN Hong, WANG Guang-
zheng, WANG Junwen, WANG Jie, WU Yue, TANG Zhongqi,
YU lJihua. Effects of exogenous melatonin on fruit quality and
volatile compounds of tomatoes[J]. Agricultural Research in the
Arid Areas,2023,41(4):83-95.

SLEEE | p- SR TR YE A SIBAT s H: P Fk At v L 9k
B PR B R B FE[D]. fRE « bR L RS, 2021.

JI Shengxin. Study on the exogenous GABA inducing tomato S/-
BATIs gene expression and key technology of improving fruit
quality[D]. Baoding: Hebei Agricultural University,2021.

etz e BRSNSl | o e oM N L i
WSOt S 20T 2 i it S5 AR B2 AT B 2, 2021(17) 2 15-21.
ZHAO Hailiang, ZUO Lu, MA Chang’ en, BAI Longgiang, HU
Xiaohui, HOU Leiping. Effects of foliar spraying melatonin on
fruit quality of tomato during fruit expansion[J]. Northern Horti-
culture,2021(17):15-21.

WML, B0 28, B, K TP, 5RER . ANEES A EBR ARG
o s TR EE R S, TP E T, 2021,34(10): 74-79.
YAO Qi, HAN Tianyun, LIANG Yi, SHI Yu, HOU Leiping,
ZHANG Yi. Effects of exogenous calcium and EBR on fruit
quality characteristics of tomato[J]. China Cucurbits and Vegeta-
bles,2021,34(10):74-79.

BT AR R ERN 2 T SRR S AR R E RS (D).
Wi s PHALAR MR R 2021,

ZHAO Kai. Effects of exogenous melatonin and dopamine on



1110 3 L)

4

{: H4a14

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

fruit growth and development of apple[D]. Yangling: Northwest
A & F University,2021.

AP R R B AR T T 3 SR it SR K P A
LMD, - R, 2021

LI Yihan. Effects of postharvest melatonin treatment on the stor-
age quality and phenylpropanoid metabolism of apple fruit (cv.
Golden delicious)[D]. Jinzhou: Bohai University,2021.

CHENG P D, YUE Q Y,ZHANG Y T, ZHAO S, KHAN A,
YANG X Y,HE J Q,WANG S C,SHEN W Y,QIAN Q,DU W
S,MAF W,ZHANG D H, GUAN Q M. Application of y-amino-
butyric acid (GABA) improves fruit quality and rootstock
drought tolerance in apple[J]. Journal of Plant Physiology,2023,
280:153890.

Sy, SEMA, Sk AR, FAT, R84 , M o . AR J5ERE PR 3R
R AR SRR R B DR ML), T R RO, 2024,
53(1):41-47.

MA Zhonglian, GONG Jianfu, MA Yongcui, TIAN Hong, LIU
Defu, YANG Shungiang. Effects of exogenous melatonin on phys-
iological characters, yield and quality of Tartary buckwheat[J].
Journal of Henan Agricultural Sciences,2024,53(1):41-47.
NIAZI Z, RAZAVI F, KHADEMI O, AGHDAM M S. Exoge-
nous application of hydrogen sulfide and y-aminobutyric acid al-
leviates chilling injury and preserves quality of persimmon fruit
(Diospyros kaki cv. Karaj) during cold storage[J]. Scientia Horti-
culturae,2021,285:110198.

LORENTE- MENTO J M, GUILLEN F, MARTINEZ- ROME-
RO D, CARRION-ANTOLI A, VALERO D, SERRANO M. y-
aminobutyric acid treatments of pomegranate trees increase crop
yield and fruit quality at harvest[J]. Scientia Horticulturae,
2023,309:111633.

IRARAR  JEFEAR, SNE, S H, E0F 0 AR R A
) AR PR | LS A B TR 2 IR IR S [T, L IR AL R
2023,51(17):152-157.

XU Bianbian, FAN Jialin, SUN Jian, DANG Wei, WANG Fang,
XIE Yiming. Effects of exogenous melatonin on physiological
characteristics , fruit quality and nutrient absorption of grape[J].
Jiangsu Agricultural Sciences,2023,51(17):152-157.

POEE, EIH, B2, E T kI . AN R R AR HE T ¢ B
JGHUBL A A R S dh JTIR S [T]. R AR B AR, 2022, 58
(10):2034-2044.

JIA Runpu, WANG Yue, LI Bo, LI Yingnan, YAO Yuxin. Ef-
fects of exogenous melatonin treatment on quality of ‘Shine
Muscat’ grape berries[J]. Plant Physiology Journal, 2022, 58
(10):2034-2044.

2 R0, RS, 2T, N R AR AR SO, 92T . A
R S 2 A S YR SR BT A IR ). o 2R 2021, 41
(5):50-56.

LI Sichun, DU Yamin, LI Shuyue, FU Maorun, ZHAO Han-
dong, JIAO Wenxiao, JIANG Aili. Effects of exogenous melato-
nin on postharvest quality of nectarines[J]. China Fruit & Vege-
table,2021,41(5):50-56.

RFETT AL, R B X, B R, L H
R ARG B, IR S . AR R Bk A K B TR S
FIFEMA[T]. R 2242, 2021, 38(1):40-49.

WU Caifang, LI Hongyan, LIU Qin, LIAO Ming’ an, LIU Lei,
LU Xiulan, LIANG Dong, WANG Jin, XIA Hui, LIN Lijin,

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

CHEN Dong, TU Meiyan. Effects of exogenous melatonin on
growth and fruit quality of peach (Prunus persica)[J]. Journal of
Fruit Science,2021,38(1):40-49.

ZHAOLL,YAN S,WANG Y F,XU G X,ZHAO D Y. Evaluation
of the effect of preharvest melatonin spraying on fruit quality of
‘Yuluxiang’ pear based on principal component analysis[J].
Foods,2023,12(18):3507.

KT . ANERR R R ARSI R BT SUR IR 52
Wi % SCAF LRI 5L [D]. #0% « P AL RARRHE K2, 2019.

LIU Jianlong. Regulatory function of exogenous melatonin on
fruit development, postharvest fruit quality and ring rot disease re-
sistance in pears[D]. Yangling:Northwest A & F University,2019.
ARV T EHT, ST R SRR, X T, BT, B o L
R O B AR AC A S R S A BT RS D). b R,
2022(12):80-85.

LI Gongfeng, GAO Yaxin, MA Wancheng, ZHANG Zhenxing,
LIU Yike, LI Ning, LI Qingyun. Effects of foliar spraying mela-
tonin on strawberry growth, photosynthesis and fruit quality[J].
China Vegetables,2022(12):80-85.

RS L A S 2R A B R G ICAE A R 7= B A SR 5 R [ D).
Wi - VAL RRHR 52,2019,

GAO Wenhua. The effects of exogenous melatonin on the
growth and yield and quality of watermelon[D]. Yangling : North-
west A & F University,2019.

TR IR SR H R B A AR AL N AL S S R (D). 1
AL TR R, 2021

ZHANG Zishen. Effects of harvest time and fruit location on
fruit quality of pear[D]. Handan: Hebei University of Engineer-
ing,2021.

RAPY B S R ) AL R S i M BT ST (D). B A
Fr B A K2, 2023.

ZHAO Dan. Quality evaluation and geographical origin identifi-
cation of Xinjiang Korla fragrant pear[D]. Urumgqi: Xinjiang Ag-
ricultural University,2023.

TANASE K, YAMAKI S. Sucrose synthase isozymes related to
sucrose accumulation during fruit development of Japanese pear
(Pyrus pyrifolia Nakai) [J]. Engei Gakkai Zasshi, 2000, 69(6):
671-676.

TRIET . BLR SR i AR RS PERTFE D). 5T - P RUR
KA, 2011,

ZHANG Huping. Study on characteristic of transport and accu-
mulation of sugar in developing Pyrus ssp. fruit[D]. Nanjing:
Nanjing Agricultural University,2011.

UMER M J, BIN SAFDAR L, GEBREMESKEL H,ZHAO S J,
YUAN P L,ZHU H J, KASEB M O, ANEES M, LU X Q,HE
N, GONG C S, LIU W G. Identification of key gene networks
controlling organic acid and sugar metabolism during watermel-
on fruit development by integrating metabolic phenotypes and
gene expression profiles[J]. Horticulture Research,2020,7:193.
ZHANGHP,WUJY,QINGH,YAO GF,QI KJ, WANG L
F, ZHANG S L. The role of sucrose- metabolizing enzymes in
pear fruit that differ in sucrose accumulation[J]. Acta Physiologi-
ae Plantarum,2014,36(1):71-77.

WIND J, SMEEKENS S, HANSON 1J. Sucrose: Metabolite and
signaling molecule[J]. Phytochemistry, 2010, 71(14/15): 1610-
1614.



