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Effects of Exogenous 5-Aminolevulinic Acid (ALA) on Fruit Development
and Sugar and Acid Quality of Tomato in Greenhouse
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Abstract: The content and proportion of sugar and acid substances in tomato fruits directly affect its flavor
quality. Previous studies have shown that appropriate concentration of exogenous 5-aminolevulinic acid
(ALA) can promote the ripening of fruits and improve their aroma quality. We conducted this experiment
to explore the effects of different concentrations of exogenous ALA (0, 100, 200 mg + L ') on the devel-

opment of tomato fruits and their sugar and acid qualities. Tomato fruits (Solanum [ycopersicum cv.
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Yuanwei No. 1) grown in greenhouse were used as test material, ALLA solution was sprayed on the surface
of the fourth ear fruit at the fruit setting stage. 10 d after pollination and the fruit morphology, peel color,
sugar and acid contents in different fruit tissues were determined. The results showed that: (1) the exoge-
nous ALA solution significantly promoted the increase of tomato fruit transverse and longitudinal diame-
ters and the increase of fruit weight per fruit; the exogenous ALA treatment also significantly reduced
fruit hardness, promoted fruit softening and improved fruit taste; the exogenous ALA treatment also in-
creased fruit V. and soluble solids content. (2) The results of sugar fractions in different parts of fruit tis-
sues (including flesh, columella and septum) showed that exogenous ALA treatment significantly in-
creased the total soluble sugar content (including fructose, glucose and sucrose) and facilitated the accu-
mulation of sugar into the fruit flesh. (3) Among the organic acids, except for the increase of tartaric acid
content, exogenous ALA could reduce the contents of other acid components in the tissues of various parts
of the fruit. Therefore, the ratio of sugar to acid could be significantly improved in the pulp parts of toma-
to fruits, and the fruit flavor quality was promoted. It was found that exogenous application of 200 mg « L'
ALA during the development process of tomato fruits can not only promote fruit development, fruit
weight and coloration, but also improve the formation of fruit sugar and acid quality, which enhance the
appearance quality.
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Table 1 The fruit development of tomato in greenhouse with exogenous ALA treatment

. T Wit i I T
T Weight of single Vertical diameter Transverse diameter Fruit shape Hardness
reatment . . 2
fruit/g /mm /mm index /(kg+cem °)
CK 81.474+0.67b 42.8140. 26b 57.4740.18b 0.74540.006a 2.84+0.03a
Tioo 83.3440. 81ab 45.0140.61a 58.82+0.11a 0.76540.010a 2.09+0.04b
Togo 85.9240. 93a 44,96+0. 39a 59.1440.48a 0.76040.01a 1. 8840. 04c
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RN FRER RS AP Z MITE 0. 05 BEKF EAMEREEZER, TH

Note: CK indicates the fruit surface sprayed with distilled water, T,,, and T,,, represent the fruit surface sprayed with 100 and 200 mg *

L' ALA solution; Each value represents the mean & SE of three independent replicates. The different normal letters indicate significant
difference between treatments at the 0. 05 level. The same as below
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Fig. 1 The chromatic aberration parameters of tomato

fruits in greenhouse with exogenous AL A treatment

SR ALA b R RIAF R ER . K2
IR F I KT 8 AR R A% 4 43 4 i I
AHEESE 3, A—0),

TG E B R T E] — BB, T Tope A0 BHIR
PR SR S b X R A0 i S R e T 100 000 A
35. 100 o LB S v SRR B et Ak R AR S 40 ) b 2 4R
1 100 126 28. 80 /INKE i SRR 7 o 43 ol e v AR
S E PR 8. 14 % M 13, 3% (I 3, A) ., TEAH A Ab
PEAAF T T ih R 045 A ) SR I T 22 5
ER ) b B A S BRAS ], XoF e SR S v SR 5 45
P2 IAIEAT 3 T 25 55 T A0 HH SR 52 P SR B 35 i
FEBNON SRR I T /N A R L T /N A R 5 )
ZESEAN T Ty, Ak B SN R B SR IR > B
= N HASER A R 25 5 B . X UL AN ALA
AALE N 3 48 T I S R B L O ELRE a4l R



14 RO AE AN 5-EIE I Y RN B 7 AR R RO R W 5 5 111

81 A a a
S 2
] L
wg ©
R]g 5t
2200
H 3
=2 3t
o O
g2 |
=2
0] l_
0 1 1
CK TllJlJ TZOU

KL FE Treatment

CK T 100 TZOO
AL FE Treatment

B2 MR ALA Ab PR Bt B3 T b R ST IA P B L Ve B R AR

Fig. 2 The contents of soluble solids and V¢ in tomato fruits in greenhouse with exogenous AL A treatment
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3 3

S-SR BEA R (ALA) ZAH Y N A A nh ok fk
HUI A BT R B RO A 5 R YT AT
FERIAME ALA 0] LU #F 76 Ol 5 S A2 L AR 1Y
LR, Hp T, 48P (200 mg « L0 ALA) i 5
SERASLE RN 5. 4 %0, [A] B X T AR S AN S WA
i ZE SR, 3 Ul W) AE Ak R T T ALA A B T A i

i

7R O B, LS TR R 0 [ AR 23 5 ) Y
AR X 5 /T TR 75 A R 92 i R [ v R
HPIR 5-ALA {75 B RSB I 9% ~17 %, RS H
K B S 3 B, A% S SO IR 8 B0 A R
PRI T2 RARAL . 3 Ab o S S0 B AR A R 5 A Y
B AE AR AR 22— FLAR Ak 1R A7 41 ff RE AR 4R
SR R AR P AR ALA 4b 3
3 BRAR T A 7 i SR SO L T, Ak HE S X R



114 AT

L7/ 12 %

D CK D Tmo . sz)

70
a(a) A
= 6f b a(b)
w5 @) a(c) b(a)
g §°\\° i - c(a) b(a)a(c) c(a)
R
£RE3
s 2ot
= é A
0 . ‘ . —
| R /NEE I J
¥ Flesh Columella Septum
1.81 a(a)
= B
< L6f a(c) s
5 1.4} b(b) c(a)
s of ¢(b)
gpm
5 Q 0.8F
;.2 0.6f
g 04r
oot
0 * N * ;e
R /N oy
X Flesh Columella Septum
6 a(a)
b(a) C a(b)
o ST
B a(c)
2 g 4 c(a)
o3
=7
z2f
< 1k
0 * Y ' I
A /NEE [y
Flesh Columella Septum
B SR AL

Tomato fruit section
15 M ALA &b 2T i R 55 35 Al 2R S m s P SR
A LR B i MOBE R LL A AR ik
Fig. 5 The contents of total soluble sugar, total organic
acid and sugar-acid ratio in tomato fruits in greenhouse

with exogenous ALA treatment

TS B AR 33, 8%, X UL A AN IR ALA fiEfig
B S Al AR R R S B R L B PR R
Fto AR, 7E R A Bk R S i ) R AR
S [v] ERF 5 66 A1 W BE ALA 15 W L B 0% 3 780 bk R
SRR i R SRS L AN, b B
SR R ANER (5 AR Ak, S B T S B N 2R B
Fi 6, 2 BRI 2T SR R TR il b A2 8 P R
RFEHLLER A RS A & B S e TR
S A6 PR R 1 A X €6 7 SRE R B H: 7 bl
FHRLBA RS AR E I ALA fEE {2
e 21 F A R A G 1 3 B (L 46 GGPPS |
PSY1.PDS FI LCY-B) W&k HF A ZHE,
RS 0 AR L ALA Kb B 3 A SR
AL L A b AR EEMA b (HD
BEAIG . OF: 0 2 2 v U S I 3 i SR S R e e 22
a’ MMM o AN— R 3 e

ZARERE AN R ALA J5 15 3 T8 F, B e T
T RS R B WINNEH ALA X HR 2 5698 1t
A 2 AU I 1] 9 4 S 3K 55 i AT 5% 25 SR AR B

LR MR (VO Ay —Fh bt S8 Ak 9 5, 76 48 1 %t
A R A= 0 3905 0 i R R % TR RS G 0 L TR
Ve 70 2 7 i A S v — R A S SR L T LU B
DRI 2 Pl 5 14 Sz 2220000 2 1 3 06 A
—AEEEAR . ARBFIE N AME ALA(200 mg -
L DR EREEL Ve &, X 58 AMF s
SREAAARL, i) 6 4 A= Bk AR i 200 A1 400 mg » L7
ALABBBER S TRAP Ve § 8D, gt
[E T 40 S o 7 8 o S A — A EE AR AR, BB
AR A BLR 45 IR N AR TR S A T R
BLER 75 5 LIOBEBR Lb SR 5% i 3 2% 4 i AR
B AR ALA J5 3 4R 7 A S o]
PR & B X 50D e B ALA S
AT 1 B B ) 4R R 8. 6 %0 M BIF 9 45 SR M AR
] B o AR 55 2 i SR 2 4% 0 0 41 21 P . 200 mg « L)
ALA Kb 5 vl i o SR & oK B ML
SN AR R LA B 5L A ALA Ab R
5 0 7 00 R S T 0 SR P OB R L

JIL Y T i R SN TR A L 4 W TR 2 )
RN, B AR R R AR TR
PR AL I LA 250 5 R SRR O 5L A b, AR A
FoE P A A Ml R R E R A SRR 2 PR K
W2 /N B g /b F R S 3 ST 4L 2L LA
HAEE RS R L, AR D, HE AR TR
WL X S RT N BIF ST IR B — 2 A B 5
SN ALA J5 , RE 5 25 B 5 7 il R 90 4% L U A
A S, EE DR NS WS4 2R R 4L oA
EO T IR VT P AT N = G B B
ASA Kb AE M 12 HE 5 AL 5 B R M 5 Ak il
CAD F 2 AR il CIND 555 4 400 461 T8 45 Bl (SS)
T RE B WA 62 5 I S ( SPS) 3 M . e 45 SR i 701 7 245 A
B, 2R OR 4R v A 6N A S b T M R
B X R ALA RT3 i R S v g A A
IR AL R 0 — 2B R ARF ST . MG HIF 5T R
e AN TR A 20 24 LR 41 43 5 8 A T) 36 40
HHREY) e b B AU g £ R bt
AR, BRBEFARR Z A1, HAR RIS oA R R 4 2
TR R NMEHLU R R Z . BREY SR
[Fi) B 2 1], 26 0 R S A [ 35 007 41 2UA HLIR 21 4 19 4%
AN S SR RUVE F IO R . o AR by
TR SR 1R B SR A 1 SR ST, 2 A R AR A



14 RO AE AN 5-EIE I Y RN B 7 AR R RO R W 5 5 115

SR AR By 0, B R e e XN I R R 1L e
(PEPC) AT D)4t 1k 8% 2 4 B =X 79 1 R (PEP) 3R fk ™
A R TR 5 R £ TR 7E SE SR R i AU B (MDHD 19 /E
FFIE T 3R BR  59 40 5 E £ IR Al AT DL AE 45
iz & W (CS) MR T 5 79 T R 1 A AR B R ™ 9 &
BE-COA I Az 5y 168 1R - [) I 32 S R S 3 21 i
fitf (ME) 43 fift » #7168 R 76 T 2% 3k IR | (ACO) Iy /E H
T BSF AT R 1555 7E 5 A 4 TR L A g (IDHD /9
VEF T I B o 5 — R A — AR B . i SR 5
BCATF AR I ME A9 306 M 3058 6 LSS 1R i 2 0 T
P AR, - R O i 23 M B0 T B MDH F CS 1Y 47 22
E 2 530 L3RR T B A B IR A5 2L e
Z MR S 3 A iR & i iR B e KL Z R
o i B A RAHE TR £3 3R I AN [R) 1 A5 Ak A (R
WD B AR IS W) BT 23 A X — 1 7R P R S0
AT AR O PSR I R Y e 2> i A #] R
G R gE R T R S A AL R R R 2
TR ER, HRNERRS R, X 5691 A7

S 2K

(1] & ., Jrgnsd, XU, & oS ARk AR Al R R S KR

it SR SR A bR LB M (0], #R TR 2 4. 2018, 30(11)
1 859-1 869.
CHENG Y, WAN H J, LIU C C, et al. Comparative analysis
of flavor/nutrient determination parameters in 16 different
cherry tomato varieties[ J]. Acta Agriculturae Zhejiangensis ,
2018,30(11): 1 859-1 869.

[2] W &, Z6F, RIES, % 3o R 90 nl ik BOE 4 it 5
J&LI/OLL. 4> FHIYH # :1-6[2021-12-06 1. http: //kns. cnki.
net/kems/detail/46. 1068. S. 20210122, 1747. 022, html.
FENG Y, LICP, ZHU L Y, et al. Research progress of sol-
uble solids content in tomato[ J/OL]. Molecular Plant Breed-
ing: 1-6[2021-12-06 ]. http://kns. cnki. net/kems/detail/46.
1068. S.20210122.1747. 022. html.

[3] CARRARI F, BAXTER C, USADEL B, et al. Integrated
analysis of metabolite and transcript levels reveals the meta-
bolic shifts that underlie tomato fruit development and high-
light regulatory aspects of metabolic network behavior []].
Plant Physiology, 2006,142(4) . 1 380-1 396.

[4] 48 OB, 2Rk, BRT, % HEA A F T R 52 oL
O O T S D Bk R [T ], AR AR SE 4, 2009, 24
(3): 99-101.

CUIN, LITL, ZHAOJY, et al. Effects of exogenous auxin
on related enzymes activities of sucrose metabolism and gene
expression in tomato fruits[ ]J]. Acta Agriculturae Boreali-

Sinica, 2009,24(3): 99-101.

“ZJ47 Tl i R P DA A BILIR 3 R B e AR
— 3 B FE AR R A SR AG n A IR ALA
i I 0 SR S AT AR IR L BR FATR & T IR 3 TR
o SR B 1) W 3 AR 3 5 AR S A oL AR
ALA J5 Ak 2 2 5001 26 i R 52 B F 5 45 SR A — 2K
VEIHANIE ALA 78 2 il 5 5 o B v s AN 7 A 2R
) AP HE AT A B 384 R TR S LR 1A

4 45 ®

A 7 it A SR ) Xk R STt O RS ) ALA IR
W (200 mg « L) RERE AT RUAE 0 2R SR L R R
SR P R LA 5 N R S AT A TR
Yy o ) S 4R e SR SR A R 4 TP B 2 ) o Y
TR BRAR A AR A L U HLIR S W ot &5 L 4 SR 52
BETR LE o 32 T 3 il R 52 1 S0 0L i JoFIOBE Rt 5. 5
S AN ALA BB 15 A B2 S R Y ] I i g 2R 52
it BATHE 7 B AERCR

[5] 2 &, BXk, & fh. % CBOKE IR X Fo R 58 0 & 5

PLBE S SRR R ] YR B ARl K2 2= 4. 2006, 37(3):
467-469.
JIANG J, LI T L, LI W, et al. Effects of acetylic salicylic
acid on carbohydrate content in the different tissues of tomato
fruit [ J 1. Journal of Shenyang Agricultural University ,
2006,37(3): 467-469.

[6] WANG X H, YIN W, WU J X, et al. Effects of exogenous
abscisic acid on the expression of Citrus fruit ripening-related
genes and {ruit ripening[J]. Scientia Horticulturae, 2016,
201 175-183.

[7] WUY, LIAOW B, DAWUDA M M, et al. Correction to: 5-
Aminolevulinic acid (ALA) biosynthetic and metabolic path-
ways and its role in higher plants: A review[]J]. Plant Growth
Regulation, 2019,88(3) . 327.

[8] X&EX., hVEH, B3k, AN pH A ALA 2b 3 X3 45 fr

Jed Bt g R YO m )], borE 2, 2019, (15):
30-36.
LIUL L, SUN J L, ZHAO B L. Effects of different pH of
ALA treatments on photosynthesis and chlorophy Il fluores-
cence characteristics of grape leaves[ J]. Northern Horticul-
ture s 2019,(15) : 30-36.

[9] # 4. thmAl. s-EJE LB HOLREFMAERKEETM
PR BRI ]. PG AR AR K R (A AR R
2008,36(9) . 128-132.

XU M, XU F L. Effects of exogenous 5-aminolevulinic acid on

the growth and the yield of the tomato in sunlight greenhouse



116

mode Moy oF

Eird 42 %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[I]. Journal of Northwest A & F University (Natural Sci-
ence Edition), 2008,36(9): 128-132.
ANWAR A, WANG J, YU X C, et al. Substrate application
of 5-aminolevulinic acid enhanced low-temperature and weak-
light stress tolerance in cucumber (Cucumis sativus L.)[]J].
Agronomy » 2020,10(4) ; 472,
oW, 5 Bk, EAh AL S 5 ALA X IR R R AL AT IR
LA A R R RO A m [T, e st R
22E4R, 2015,38(4) ¢ 546-553.
MA N, QI L, GAO J J. et al. Effects of 5-aminolevulinic
acid on cutting growth under high temperature condition and
leaf chlorophyll fast fluorescence characteristics of Ficus cari-
ca L[J]. Journal of Nanjing Agricultural University .
2015,38(4): 546-553.
YE J, CHEN Q. TAO T, et al. Promotive effects of 5-Ami-
nolevulinic acid on growth, photosynthetic gas exchange,
chlorophy?, and antioxidative enzymes under salinity stress
in Prunnus persica (L.) Batsch seedling[]J]. Emirates Jour-
nal of Food and Agriculture, 2016,28(11) . 786.
LIU D, HU LY, ALI B, et al. Influence of 5-aminolevulinic
acid on photosynthetically related parameters and gene ex-
pression in Brassica napus L. under drought stress[J]. Soil
Science and Plant Nutrition, 2016,62(3): 254-262.
FARID M, ALI S, SAEED R, et al. Combined application
of citric acid and 5-aminolevulinic acid improved biomass,
photosynthesis and gas exchange attributes of sunflower
(Helianthus annuus 1..) grown on chromium contaminated
soil[J]. International Journal of Phytoremediation, 2019,
21(8): 760-767.
ZHENG J, AN Y Y, FENG X X, et al. Rhizospheric appli-
cation with 5-aminolevulinic acid improves coloration and
quality in ‘Fuji” apples[J]. Scientia Horticulturae, 2017,
224 74-83.
R4, Bestif, £ 5, . R 5-EE BN (ALA)
Ao 35K 9 3 o B B M s ) ). e e ROk 2 AR, 2008,
17(3): 258-262.
SONG Y L, RAOJ P, WANG T, et al. Effects of ALA on
post-harvest quality and storability of spinach[J]. Acta Ag-
riculturae Boreali-Occidentalis Sinica, 2008, 17 (3):
258-262.
g, tRAEA. S-ECEE ZBETT MR AT HOLIR = 2 3 K&
By m 1], TR XA BT, 2008,26(3): 133-137.
XU M, XU F L. Effects of exogenous 5-aminolevulinic acid
on the yield and quality of Leaf-used lettuce at sunlight green-
house[J]. Agricultural Research in the Arid Areas. 2008,
26(3): 133-137.
Wi E . BT, B ER, FL ORI S-E Sk L BT R Ab 3 XS
F2R RS R R G (B R B R ma [T, o B R 7 R
2019,48(3): 57-62.
MENG F X, DUAN Y J, YANG Y J, et al. Effect of 5-ami-
nolevulinic acid on physiochemical properties and color devel-

opment of mango fruit[J]. South China Fruits, 2019.48

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(3): 57-62.

RS, X EM., WS, & Wi 5-FJ L BN &
A HOLIR % SN 7 i S B SE R LT ], o Al R
2242, 2019,24(8) ; 41-47.

DONG R R, LIU Y M, LIS Z, et al. Effects of root appli-
cation of 5-aminolevulinic acid on the growth, yield and quali-
ty of early spring cucumber in solar greenhouses[J]. Journal
of China Agricultural University» 2019.24(8) ; 41-47.
WANG ] W, ZHANG J, LI ], et al. Exogenous application
of 5-aminolevulinic acid promotes coloration and improves the
quality of tomato fruit by regulating carotenoid metabolism
[J]. Frontiers in Plant Science » 2021, 12 683 868.
TR, R P, fRdkte, & SMIE ALA {2328 Tk Wi R i
B Ry B e AR BT SR )], 22 4, 2021,48(5) .
973-986.

WANG J W, WU Y, YUJ H, et al. Soluble sugar, organic
acid quality and volatile compounds contents in tomato {ruits
can be promoted by exogenous ALA[J]. Acta Horticulturae
Sinica, 2021,48(5): 973-986.

ToE%, MY ERALTREEAEARIMI] 2 K. dbat. &
AFHCE L AL . 2006,

oo W, ARAkAE, FEBL, S [ B Bk ) AR 6 XS B O TR
A R R sZ )] YLIR A 24, 2020,36(2)
430-437.

ZHANG Y, YU J] H, TANG Z Q, et al. Effects of inter-
lighting supplementation at different times on tomato yield
and quality in solar greenhouse[J]. Jiangsu Journal of Ag-
ricultural Sciences, 2020,36(2) . 430-437.
BoOFCBKEEL R R S RO G R I 4 A
ERAPRSE TR A o R L] T E R B, 2013, (3):
64-67.

WEI X, WEI'Y X, LIU C, et al. Determination of sugar and
acid components and contents in four blueberry varieties by
HPLCLJ]. China Fruits, 2013,(3): 64-67.

BILLL, BT H, fRdkde, & AR BADEX HOGER=EF

B IR KU BTN L) ], PEAER =4k, 2020,29(4) .
570-578.

LIU F H, XIAO X M, YU J H, et al. Effect of light supple-
mentation in different periods on nutrition and flavor quality
of tomato in solar greenhouse[J]. Acta Agriculturae Borea-
li-Occidentalis Sinica » 2020,29(4): 570-578.

COELHO E M, DA SILVA PADILHA C V, MISKINIS G
A, et al. Simultaneous analysis of sugars and organic acids in
wine and grape juices by HPLC: Method validation and char-
acterization of products from northeast Brazil[J]. Journal of
Food Com position and Analysis, 2018, 66: 160-167.
TERY, ZUE, & 4, 5. 5-"E BN AEY A B
Az PR R H A AR i T AE N T L) ). AR AR B R
2003,39(3): 185-192.

WANG L J, JIANG W B, ZHANG Z, et al. Biosynthesis
and physiological activities of 5-aminolevulinic acid ( ALA)

and its potential application in agriculture[J]. Plant Physiol-



14

WA HMIR S-S K 2T PN R X 5 7 A

RTLR B TR BT R ) 117

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

ogy Communications, 2003,39(3): 185-192.
HOTTA Y, TANAKA T, TAKAOKA H., et al. New
physiological effects of 5-aminolevulinic acid in plants: The
increase of photosynthesis, chlorophy I content, and plant
growth[ J ]. Bioscience , Biotechnology, and Biochemistry .
1997,61(12): 2 025-2 028.
FENG S, LI M F, WU F, ez al. 5-Aminolevulinic acid af-
fects fruit coloration, growth, and nutrition quality of Litchi
chinensis Sonn. cv. Feizixiao in Hainan, tropical Chinal]].
Scientia Horticulturae , 2015, 193 . 188-194.

WOCHE, B %, BRHEIEAN, 5. Fih A R b g i RE AR
AR S IR i1 32 35 B AN IR 2 R ABA AL BRXEE 3R 3K 1 5
[J0. ARl F AR, 2021,29(6) : 1 040-1 049.

ZENG W J, YANG J, CHEN S M J, et al. Expression of
cell wall metabolism genes during tomato(Solanum [ycoper-
sicum) maturation and the effects of treatment with exoge-
nous C, H, and ABA on their expression[J]. Journal of Ag-
ricultural Biotechnology» 2021.29(6): 1 040-1 049.
. kb, SEIE . E. S5-Ik £ TP R b #E o ik SR 5
A BURCE SR AR R ()], TR R, 2015,43(12)
194-196.

GUO L, ZHANG B B, MA R J. et al. Effect of 5-aminole-
vulinic acid treatment on peach fruit quality and nutritional
growth[ J7]. Jiangsu Agricultural Sciences, 2015,43(12):
194-196.

QUINET M, ANGOSTO T, YUSTE-LISBONA F J, et al.
Tomato fruit development and metabolism[J]. Frontiers in
Plant Science, 2019, 10: 1 554.

GALLIE D R. L-ascorbic Acid: A multifunctional molecule
supporting plant growth and development[]]. Scientifica
(Cairo), 2013, 2 013 795 964.

MR SR, CREESC, ERA. S TR R 908 BUE LR I 4
PLBRBF SRS LT]. P EEESR . 2019, (4): 21-28.

SHANG L L, SONG J W, WANG J Y., et al. Research pro-
gress on quality formation and molecular mechanism of toma-
to fruit[J]. China Vegetables, 2019,(4); 21-28.

YE ] B, YANG X H, CHEN Q W, et al. Promotive effects
of 5-aminolevulinic acid on fruit quality and coloration of
Prunus persica (L.) Batsch[J]. Scientia Horticulturae .
2017, 217, 266-275.

ERAKR, WLEE, B, AR T R o rp d XUk o T F
FEHERRLT]. WAl =4k, 2020,32¢8): 1 513-1 522.
WANG T L, YE H X, ZHENG ] R, et al. Research pro-
gress of main flavor compounds in tomato fruits[J]. Acta
Agriculturae Zhejiangensis, 2020,32(8): 1 513-1 522.

B A, MR, BRIRAR . A 5-%3k £ Wh D R A oA X 5
T X B 7 A AU KRR e AR B L] vE b

[38]

[39]

[40]

[41]

[42]

[43]

[44]

el # 4, 2016,25(10); 1 515-1 521,

YAN Y, HE H Q, CHEN Z D, et al. Effects of exogenous
5-aminolevulinic acid and foliar fertilizer on growth, yield and
quality of tomato and pepper of protected horticulture in the
desert[ J]. Acta Agriculturae Boreali-Occidentalis Sinica
2016,25(10): 1 515-1 521.

FRLLE, Rk, XN, S T o ) AL homE S B A A
REHEERBEFELT]. P24, 2005,32(2) : 239-243.
QIHY, LITL, LIUH T, et al. Studies on carbohydrate
content and sucrose-metabolizing enzymes activities in differ-
ent parts of tomato[J]. Acta Horticulturae Sinica » 2005,32
(2): 239-243.

Z fE, WO, ZEER, FL RUSUK T & T R S
AR B2 R TR A AT G I 0 PR 2 e )], v Jb R AR R
AR CAH AR - 2018,46(3) ; 101-110.

LIJ, TIAN P, L1J S, et al. Effects of saline water irriga-
tion on sugar accumulation and activities of sucrose-metabo-
lizing enzymes of greenhouse tomato[ J]. Journal of North-
west A & F University (Natural Science Edition), 2018,46
(3): 101-110.

£, EREK, BOR, B CBIKHRAAETHRLRT
S0 ) X O A 356 A OC Wl P R B2 e ()], A AR HE A R
2007,43(4): 649-652.

JIANG J. LITL, LUSW, et al. Effects of acetylic salicylic
acid on the activities of sucrose metabolism related enzymes
during fruit development of tomato(Lycopersicon esculentum
Mill.) [J]. Plant Physiology Communications, 2007, 43
(4): 649-652.

MOUNET F, MOING A, GARCIA V, et al. Gene and me-
tabolite regulatory network analysis of early developing {ruit
tissues highlights new candidate genes for the control of to-
mato fruit composition and development[]]. Plant Physiolo-
gy, 2009,149(3); 1 505-1 528.

T, T R g s SO B 3R i 7 a2 S ML R AR 3 A
MFEM BT [D]. M at. matfE B LK, 2020.
DAVIES ] N, MAW G A. Metabolism of citric and malic
acids during ripening of tomato {ruit[J]. Jowrnal of the Sci-
ence of Food and Agriculture, 1972,23(8); 969-976.
OMS-OLIU G, HERTOG M L A T M, VAN DE POEL B,
et al. Metabolic characterization of tomato fruit during pre-
harvest development, and postharvest shelf-life
[J]. Postharvest Biology and Technology, 2011, 62 (1)
7-16.

MREEHa. AN [ A G A0 R AC I8 & Wil 7027 R 4l B
SSR #:%E[D]. HiM . WITLABRK A, 2014

ripening,

(8. LTI)



