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Evaluation of high temperature damage to tomato seedling
leaves and the effect of exogenous amino acid in alleviating
leaf damage under high temperature

SU Yingwei, LIU Haijiao, FAN Yunxia, ZHU Shusheng, YANG Min’

(College of Plant Protection/Key Laboratory of Agrobiodiversity and Pest Management of Ministry of Education/State Key

Laboratory for Conservation and Utilization Bio-resources in Yunnan, Yunnan Agricultural University, Kunming 650201, China)

Abstract This study aimed to explore the effects of high temperature on the leaves of tomato seedlings and
to evaluate the effect of exogenous amino acidson alleviating high temperature stress on tomato seedlings.
Firstly, tomato seedlings were subjected to high temperature (36 C) and moderate temperature (25 CT) for
15 days, and the leaf heat damage rate was measured. Subsequently, chlorophyll content and antioxidant
enzyme activity were measured. Then, metabolomics was used to determine the metabolic response of

tomato to high temperature stress. Finally, the effects of exogenous spray of glycine, asparagine,
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isoleucine and three amino acid mixtures on the high temperature stress of tomato seedlings were evaluated.
The results showed that: Compared with the control, the heat damage rate of tomato seedlings was highly
significantly increased by 4.11 times (P<<0.01) , the content of chlorophyll was highly significantly
decreased by 1. 16 times (P<<0.01), and the activity of peroxidase (POD) was highly significantly increased
by 2.09 times (P<<0.01). The metabolomic analysis demonstrated that the relative contents of amino acids
and derivatives, sugars and derivatives, amines and organic acids increased significantly by 3.53, 3. 21,
1.59 and 1.38 times, respectively (P<<0.05), inorganic acids was highly significantly increased by 2.50
times (P<<0.01). KEGG enrichment analysis further indicated that amino acid metabolism and carbohydrate
metabolism of tomato seedlings were enhanced after high temperature stress. Lastly, exogenous application
of 1 and 5 mmol/L of glycine and isoleucine, 5 mmol/L asparagine, and 1 mmol/L mixture of three amino
acids effectively reduced heat damage of tomato seedlings leaves, among which 1 mmol/L amino acid
mixture showed the best effect compared with the sterilized water control. The leaf heat damage rate was
significantly reduced by 1.82 times (P<C0.05). The findings of this study can provide a theoretical basis for

employing amino acids to mitigate high temperature stress in tomato cultivation.

Keywords tomato seedlings; high temperature stress; metabolic response; amino acids
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nucleotides, respectively. The colour block represents the fold changes (36 °C/25 °C) after log, conversion, red represents up-regulated significantly,
and green represents downregulated significantly. W@, @@® and ® represent the flow into the tricarboxylic acid( TCA) cycle after the catabolism
of monosaccharides or disaccharides in glycolysis, the metabolic pathway of amino acid biosynthesis that utilizes the intermediates of glycolysis and
the TCA cycle as precursors, and the pathway of nucleotide metabolism, respectively.
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Fig. 4 KEGG metabolic network analysis of leaf metabolic pathways in tomato seedlings.

2.5 MNEREBRBREMYEHRFABRGE 80

TE T A SC R e B T RE RS 5 A A IR A i aa 70
U Y H SRR R A TG P58 5 00 L 8 0 0
(36 °CO W38~ 7 i & B 7 B 0 Y G2 i Ak iz
CE5) o g #4558 48 11 45 2R W - BR 6 it 30
1 mmol/L K& Bt (Asn_1) 15 mmol/L B & &K 20

(Mix_5) 4k, H A4 4b BEI5 RE B I 36 °CF & ih 2h i i 10

i) %

ial
Rate of damaged leaf

PRt

p e B YEL AN 53 S

Ryt B o T, 1 mmol/L R A CK Gly 1 Gly SAsn 1Asn 5 Tle I Ile 5 Mix_I Mix_5

(Mix_ 1) b B 255 e B L 0 F #4005 3¢ 58 2 1% (% R (o)

1.82 ,ﬁ;l;( P<0.05 Fé—] 5) Exogenous amino acids treatment

CK.Gly.Asn . Tle #1 Mix 20 5IACRTE K H &R KA B 55
3 3 i R FR AL 305 11 5 43 513675 115 mmol/L. 21 fa HEFR % < 34 dik
2, AR KSR . 2R E L LR 2R 5 15 4K T CK.

%ﬁﬁ%& @EEE@%%{@%Z*,%EH%@% CK, Gly, Asn, Ile, and Mix represent the water, glycine,

asparagine, isoleucine and mix treatments, respectively. 1 and 5

'S ﬂi‘[l ﬁﬁﬁfz EUESE S ? o HHW r% i X 7 i 4l ﬁ'i represent 1 and 5 mmol/L, respectively. The red and green boxes
B 52 ) I 45 22 187 2R 5 AT 1) 52 A s it 6T R i e bR represent the worst and best growth, respectively. Below the purple
. . N e . line, the leaf heat damage rate is lower than CK.
AR R A R L AR A DR E5 SNESEBTENL SN A SIENE N E RSN
Joih 30 5 B0 a4 i P R R G, i R Fig. 5 Alleviative effect of exogenous amino acids on tomato

%, {H 5 S0 40 Wy il 0% 1 I 2 1R, 2O KEGG & 4E 4y seedling leaves under high temperature stress



53 1

P I BRI 7 AT 0 I R A4 4 B S IR I i e R T IR A R ORI A 127

BT %2 3 e 10 JH 300 38 8 3 5 4 B i R g3 R AR AN
e KA A AR 5 3) M BT 1 mmol/L Y H 2R
R A Tk Jie R S 5 0 I 1 TS 5 8 A T i 3 A1 o TR
Xt 20 T R R IR . ax 2 25 R 5 R A BIE 5
S5 SAH AL, T G0 2 5 B0k W ek R B A
117 R AR I S 3 A R AR R P A R S R b
2 A HLIR LA B s SR 25 W) o & i b 23 A v IR
Je BN e A R R i T it 2 3 TR BB A AR
A AP SRR BTG 1 mmol/L iy H 2R K
A& T e R 5 22 BA R VR G VS TR R R TR AR A B e
PAR 5 AR A4 KR HLEEA R R R

ARWFFE kP IR (36 °C) S 50 M 4h i - A
SRR TR G Sl e ) (1 i
A A E S R IR A% 1 TT 4l T B .
o ik W 30 R RE I T AN A R OE R G TR
Jt & 4 1 (photosystem 1, PSD 1 £ 4t 11 (PSID
S H W)t R G 1Y EE A R 4y, b PSTN = I
SER ok O R o 8% s ol ok 111 I B B S e
PST F1 PSII, P #5 Hi + 1% 38 1E W #E 47, I & 3K
ROS 1y K 5 LR, iF — 2 W )6 & 1F HE & it
Foms, ek R RO G A EZ —. &k
300 23 % TR Ik 2R A BT R figt ) Bl 2SS A, S B
SR R A AR

HE W H A K 3 1 T R A il 9 5 20 1 Bt AR Ak
57 B0 28 40 0k T Bk ROS DLUZE fige AE A= 4 i 3e 515 19 45
e o AESE & B, i 0 T e in vl A
o 7 S A T T M R A T AR A A T ok 2 i
A ISR 5 . POD A1 SOD 2 H W 14 bt 484k il 1
F A N, IR R 6 4 7 POD AL SOD i
PE L TE, AT Bk = R 5 BB ROS LU AE Y 41
LU i A AR B E D AR R R, A Sk R K AT R
Y AT MR L KA LR 2 R R Y T A
YIS AW & B TR a0 B Rl a3t
2 KA R AR B R N, o, 05 A R A LR
ik S TR R A T R 2 G BT S A 7 1 2 R S R 2
TR B B AT R B AT RE AT Bh T RE n 2 5 A
B 1) B i, AT 42 = 2 o 4l i A B AR RE ) . il
AR YR EZEN B EY T, B e i &
FI&5 M 0 B e MRS T REYY . A Bk IR
(Glutathione, GSH) /& 4 Ml Bt 5 1k b7 18 5 42 1) 8 2
AL 4y, HFE R T S5-I R R Ak A
R TR AR T LA S B R Y ) T B v AR ) it

B EY AT R TSR E AR, KWl
FCRR B3 I mT B8 A A T 52 v Al W T e L A R
B — P SR R , A N ST R IE S REAE R
A0 T B R A AR DA o LT AT LB AE X
BrAE AW AR 5 % 3 R ROS W B 71 v & FE A4
RV, B, 7 0 &) B AE PR BT v 4 3 v B e AL T
P FIRR B2 A il Ak AT ke G /= R 38

e e /D OIE SR o7/ 1) 8 1S e T 7 R VA S
FEF, AT AR S8 38 9847 R A Re o IR . RS K
PR U O 38 S SO A 40 i R HoRE S AT A ) (FL
Wi La-D- 2 ZUBE IR SR R 2 2RO M i
P o 3 S AR A F =R R 9 2R (Tricarboxylic
acid, TCA) b7, T 5646 0 C Wil A2 5 TCA TR
Wiy e AU . AR 2 TCA T8 3 h H 2 A L
gz — , & o IR R WA 0 AR
PES BRI AT R R B 3R AT BRI O R b e R
FAA AR KO . Ak T R B R
M OGA PR 3G B A AR R Y T RE DA R
7 20 i 15 ik 20 g S5 Aok A Ak 2 T % A v e W 38 X
R FAAR A5 . AR WIS & PR R b 38R 3 i 4D
Wi Fr AT DUBR B 22 2R, S R0 T IR R R
MBI FE 285 S0 — B0 HR e 2 2R T AR B a3 R
750 358 iR R ) VA TS A7 M I R R A R T A B
75 OR AP 1 5 R 50 A T R T AAE o R BOK AL S
A BLIR b8 X5 2 73l 41 1 1 e 1 4h 78 LA S8 i
A EEAE ] X A A] R A 4 B R A S
M Y R

W 5% & B A1 5 it FH 2 255 2 7% 28 figk 3 i e T 1
BT — I AR T H &R R
AT B 0 5 5 A R LA B 3 A R TR TR A TR RO R
Wi it YT 7 A 403 P e I R 2 i ARRL L 45 SR R IR
Jiti AN [6) ¥ 85 1) 3 ol 2 i 1R T 0% fidk 2 i 400 i A IR
i, HA g 1T mmol/L B 1R 5 ¥ W A 4h i i
1 Z e A%, H S 2 AR T I K 0 R AL 35 R 5 s R 1Y
G RUE T HARMRELB ., R2adRN
SR SRR Hok E 2R Rl DL AR S TCA 8 34 19 1
RS A, T ATP AR 7= LG 5 A ) 7 =
T A T Y RE AR 48 R i AR A T R A
Yy Z Y R R E A R iz
WA fEAE R E A A IS SRR T
B B 0 AR o A TG A AR P P 0 B, R A Tk i
AT LA T W SO Tl ) U S R R TR L LA % i i % A



128 0 LN ES I Y NS S 4

2025 4F 45 30 %

P00 FE AR T DRI A0t R A% ot e ] i e J2 i o
5% fife B 00 BE A A P 0 98 7 0 4 BRI Bk o H
G T 2 AL AR A i B A I Rl S A AR - A K
P 5 RS A DR 2 R W i T T e 4 5 il
A BL A RE T 2 A R AT o T AR WF 5 op 3 b A
M2 1 mmol/L AR & ¥ 1RO 26 il 401 v 4 s 14 2 figk 2%
A bf, T RE R IX 3l 2 R R 2 ik A5 i R By [
e

4 £ i

o3

5 ik 1D 38 23 68 T 00 A v i i AR E A
&Iy B G I B R A T A R AR AN

e K AL A WA K OF 78— 8 B R b8 o Pt
A it 2, 5 TR e A 500 % e I B 2 % 3R o6l 4 R
i, o 1 mmol/L A9 H 2 B8 K 4 B e Fl 57 e 2
i 1) TR THC V5 VR A8 R A A, AT kg 3 i e v e 3
B B SR

S # 3 #k  References

[1] sEgm, FmaE, HERN, BfA, E8H, BFAHK, TWR. SMEy-EET
BABEMETEMSEER REXBEEERXEHENI M. £t
A, 2023, 38(S1): 188-193
ShiJ S, Pan L J, Hou S L,

Jiang L G, Jia Z, Ren Y L, Wang L Y.

Effects of exogenous GABA on growth, leaf antioxidant enzyme activity
and photosynthetic of tomato seedlings under high temperature stress[J].
Acta Agriculturae Boreali-Sinica, 2023, 38(S1): 188-193 (in Chinese)

[2] Alsamir M, Mahmood T, Trethowan R, Ahmad N. An overview of heat
stress in tomato (Solanum lycopersicum 1) [J]. Saudi Journal of
Biological Sciences, 2021, 28(3): 1654-1663

[3] Mittler R, Zandalinas S I,

Fichman Y, van Breusegem F. Reactive

oxygen species signalling in plant stress responses [J]. Nature Reviews
Molecular Cell Biology, 2022, 23(10): 663-679

[4] #BiE, B, NEH, L55%, 55, EF. ETEATRMEKGTRE
MR EMERERIERAR]. LERVXFZFZR - BARFER,
2023, 43(5): 51-60
Han Y Z, Zhao Y, Liu A Q, Lou C R, Gong L, Dong H. Research on
fertigation regime for greenhouse tomato based on irrigation threshold
and irrigation amount regulation [J].
University: Natural Science Edition, 2023, 43(5): 51-60 (in Chinese)

[5] Ew, HBEE, THEA, HiHR, TR, K& =[ENEENTETER
YEHEFVREERTURSBENZWI]. PERLSSK, 2018, 39
(5): 304-313

Wang L, Yang Z Q, Wang M T,

Journal of Shanxi Agricultural

Yang S Q, Cai X, Zhang J. Effect of
air humidity on nutrient content and dry matter distribution of tomato
temperature [J].  Chinese
Agrometeorology, 2018, 39(5) ; 304-313 (in Chinese)
[6] ki, E3, BHEE, =8B, HiEA, BE. SEPENEYMRLEER
BRI (T, B R, 2023, 58(3): 486-498
Sun Y J, Wang Q, Shao Q W, Xin Z M, Xiao H J, Cheng J. Research

seedlings under high Journal  of

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

—
©

[20]

advances on the effect of high temperature stress on plant photosynthesis
[J]. Chinese Bulletin of Botany, 2023, 58(3): 486-498 (in Chinese)
Singh A, Mehta S, Yadav S, Nagar G, Ghosh R, Roy A, Chakraborty
A, Singh I K. How to cope with the challenges of environmental stresses
in the era of global climate change: An update on ROS stave off in plants
[J]. International Journal of Molecular Sciences, 2022, 23 (4) : 1995-
2029

Raza A. Metabolomics: A systems biology approach for enhancing heat
Plant Cell Reports, 2022, 41(3): 741-763

WangJ, LiJH, Liu ZB, Liu Y H,

stress tolerance in plants[J].
SongJS, MaY Q, OulLJ, Zhang
X L, Liang C L, Wang F, Juntawong N, Jiao C H, Chen W C, Zou X
X. Integration of transcriptomics and metabolomics for pepper (Capsicum
annuum L) in response to heat stress [J]. International Journal of
Molecular Sciences, 2019, 20(20) : 5042-5049

XuY, DuH M, Huang B R. Identification of metabolites associated with
superior heat tolerance in thermal bentgrass through metabolic profiling
[J]. Crop Science, 2013, 53(4): 1626-1635

Yang X X, Liu C, LiM D, Li Y M, Yan Z S, Feng G J, Liu D J.

Integrated transcriptomics and metabolomics analysis reveals key
regulatory network that response to cold stress in common Bean
(Phaseolus vulgaris 1.)[J]. BMC Plant Biology, 2023, 23(1): 85-102
Paupiere M J, Miiller F, Li H J, Rieu I, Tikunov Y M, Visser R G F,
Bovy A G. Untargeted metabolomic analysis of tomato pollen
development and heat stress response[J]. Plant Reproduction, 2017, 30:
81-94

Ahmad M, Waraich E A, Skalicky M, Hussain S, Zulfigar U, Anjum M
Z, Habib Ur Rahman M, Brestic M, Ratnasekera D, Lamilla-Tamayo L,
Al-Ashkar I, EI Sabagh A. Adaptation strategies to improve the
resistance of oilseed crops to heat stress under a changing climate: An
overview[ J]. Frontiers in Plant Science, 2021, 12: 767150

Hassan M U, Chattha M U, Khan I, Chattha M B, Barbanti L., Aamer
M, Igbal M M, Nawaz M, Mahmood A, Ali A, Aslam M T. Heat stress
in cultivated plants: Nature,

impact, mechanisms, and mitigation

strategies: A review [J]. Plant Biosystems-An International Journal
Dealing with All Aspects of Plant Biology, 2021, 155(2): 211-234
Tanno S,

Hirakawa T, Ohara K. Exogenous treatment with N-

acetylglutamic acid confers tolerance to heat stress in plants [J]. Plant
Biotechnology, 2024, 41(1): 71-76

Trovato M, Funck D, Forlani G, Okumoto S, Amir R. Amino acids in
plants: Regulation and functions in development and stress defense[J].
Frontiers in Plant Science, 2021, 12: 772810

Zulfigar F, Ashraf M, Siddique K H M. Role of glycine betaine in the
thermotolerance of plants[J]. Agronomy, 2022, 12(2): 276-287

QuanJ, LiX Y, LiZW, WaMF, Zhu B, Hong S B, ShiJ, Zhu Z J,
Xu L A, Zang Y X. Transcriptomic analysis of heat stress response in
Brassica rapa L ssp pekinensis with improved thermotolerance through
exogenous glycine betaine [J|. International Journal of Molecular
Sciences, 2023, 24(7): 6429-6446

Curtis T'Y, Bo V, Tucker A, Halford N G. Construction of a network
describing asparagine metabolism in plants and its application to the
identification of genes affecting asparagine metabolism in wheat under
drought and nutritional stress [J]. Food and Energy Security, 2018, 7
(1): 00126

Kaya C, Aydemir S, Sonmez O, Ashraf M, Dikilitas M. Regulation of
growth and some key physiological processes in salt-stressed maize (Zea

mays L) plants by exogenous application of asparagine and glycerol [J].



5 330 I AR v AR T T A0 e R A B SRR TR % A e R T I 0 BN AT A 129
Acta Botanica Croatica, 2013, 72(1): 157-168 and implications from a microbial modulation perspective [J]. Biology,

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30

[31]

[32]

[33]

Wu K H, Liang X Y, Zhang X, Yang G P, Wang H X, Xia Y N, Ishfaq
S, JiHF, Qi Y X, Guo W. Metabolomics analysis reveals enhanced salt
tolerance in maize through exogenous Valine-Threonine-Isoleucine-
Aspartic acid application [J]. Frontiers in Plant Science, 2024, 15:
1374142

TEE, XiEE, B, KA, HEE, DK, B8, KL HEBE
LEABEBR=ZLHABENHNRI]. ZERLAEZR . BHRMFE,
2023, 38(6): 987-996

SuYW, LiuHJ, ZuoD H, XuJ, XuZX, MaM, Yang M, Zhu S S.
Preliminary study on the mechanism of foliar spraying of serine to
alleviate heat stress in Panax notoginseng [J]. Journal of Yunnan
Agricultural University: Natural Science, 2023, 38 (6) : 987-996 (in
Chinese)

I, HEN, BFER, SEF, KOW, RAIR. MR EETRER
EMHEAPDBHOEBRELNS[I]. EWERFIR, 2023, 591D«
2039-2051

Chang F F, Yang Z J, Ran C X, Meng HY, Zhang Y Y, Zhu W M.
Physiological ~and  biochemical mechanism  of exogenous 7y
-aminobutyricacid alleviating heat stress in tomato seedlings [J]. Plant
Physiology Journal, 2023, 59(11): 2039-2051 (in Chinese)

LiuHJ, Su YW, Fan Y X, Zuo D H, XulJ, Liu Y X, Mei X Y, Huang
H C, Yang M, Zhu S S. Exogenous leucine alleviates heat stress and
improves saponin synthesis in Panax notoginseng by improving
antioxidant capacity and maintaining metabolic homeostasis[J|. Frontiers
in Plant Science, 2023, 14: 1175878

=RE, BFER, BEH, g, 2R HEAREEDHNBEINERSE
BIRME RS J]. BEACRFER, 2021, 30(2): 224-233

LiS Q, Jiang F L, Zhou Y Z, Liu M, Wu Z. Alleviation effect of foliar
spraying with biostimulants on heat stress in tomato seedlings [J]. Acta
Agriculturae Boreali-occidentalis Sinica, 2021, 30 (2) : 224-233 (in
Chinese)
Berry J, Bjorkman O. Photosynthetic response and adaptation to
temperature in higher plants [J]. Annual Review of Plant Physiology,
1980, 31(1): 491-543

Nishiyama Y, Allakhverdiev S I, Murata N. Protein synthesis is the
primary target of reactive oxygen species in the photoinhibition of
photosystem 11[J]. Physiologia Plantarum , 2011, 142(1) : 35-46

Pospisil P. Production of reactive oxygen species by photosystem II as a
response to light and temperature stress[J]. Frontiers in Plant Science,
2016, 7: 1950

ERM, EEMEBE. SRpEMNSHMAEEREAEENE M) B
FREEE, 2019, 39(4): 107-111

Li X L, Wang Z W, Chen Y. Effects of high temperature stress on
physiological and biochemical characteristics of five forages [J].
Grassland and Turf, 2019, 39(4): 107-111 (in Chinese)

Sehar Z, Gautam H, Masood A, Khan N A. Ethylene-and proline-
dependent regulation of antioxidant enzymes to mitigate heat stress and
boost photosynthetic efficacy in wheat plants [J]. Journal of Plant
Growth Regulation, 2023, 42(5): 2683-2697

Liu L J, Lin L D. Effect of heat stress on Sargassum fusiforme leaf
metabolome[J]. Journal of Plant Biology, 2020, 63(3): 229-241

Kumar K, Debnath P, Singh S, Kumar N. An overview of plant
phenolics and their involvement in abiotic stress tolerance [J]. Stresses,

2023, 3(3): 570-585

Zandi P M, Schnug E. Reactive oxygen species, antioxidant responses

[35]

[36]

[37]

[38]

[39

[40]

[41]

[42]

[43

S
S

[45

[46]

2022, 11(2): 155-184

Ghosh A, Islam M S, Alam N B, Mustafiz A, Islam T. Transcript
profiling of glutathione metabolizing genes reveals abiotic stress and
glutathione-specific alteration in Arabidopsis and rice[ J]. Physiology and
Molecular Biology of Plants, 2022, 28(7): 1375-1390

DE% MEE. EUHBHSFENFEM]. EWFREE, 2007, 24
(1):5-8.,4

Ma J H, Zheng H L. Molecular biological basis of salt tolerance in plants
[J]. Journal of Biology, 2007, 24(1): 5-8,4 (in Chinese)

Joshi J, Hasnain G, Logue T, Lynch M, Wu S, Guan J C, Alseekh S,
Fernie A R, Hanson A D, McCarty D R. A core metabolome response of
maize leaves subjected to long-duration abiotic stresses[J]. Metabolites,
2021, 11(11): 797-819

BE, MRk, EH. SEFUSEMERENHHRARHER]. &E
#,2022(1): 15-22

Yang Y W, Liu D L, Wang L. Research progress on the effects of high
temperature stress on Festuca arundinacea [J]. Journal of Grassland
and Forage Science, 2022(1) : 15-22 (in Chinese)

LiZ, YulJ, Peng Y, Huang B R. Metabolic pathways regulated by y
-aminobutyric acid (GABA) contributing to heat tolerance in creeping
bentgrass (Agrostis stolonifera) [J]. Scientific Reports, 2016, 6 (1) :
30338-30353

BEF KE, EX4E, K, RETE, BHE, RER. KBREBER
) B 18 B (R 4 i E 3 R (U ). 1R 4R, 2013, 39(4): 720-726

Zhao X Q, Zhang T, Wang W S, Zhang F, Zhu L H, Fu B Y, Li Z K.
Time-course metabolic profiling in rice under low temperature treatment
[J]. Acta Agronomica Sinica, 2013, 39(4): 720-726 (in Chinese)
Hassan M U, Nawaz M, Shah A N, Raza A, Barbanti L, Skalicky M,
Hashem M, Brestic M, Pandey S, Alamri S, Mostafa Y S, Sabagh A E
L, Qari S H. Trehalose: A key player in plant growth regulation and
tolerance to abiotic stresses [J]. Journal of Plant Growth Regulation,
2023, 42(8): 4935-4957

Vijayakumar A, Beena R. Alterations in carbohydrate metabolism and
modulation of thermo-tolerance in tomato under heat stress [J].
International Journal of Environment and Climate Change, 2023, 13
(9): 2798-2818

EBE, ER,ME, BiEA, M, MBEX. FRP-EHBEE
MdBAMB KR EFRRME RESH[I]. HFEMEM, 2020, 18(13):
4205-4212

Wang H B, Wang S, He P, Chang Y S, Li L G, He X W. Cloning and
expression response to low-temperature stress of [ -amylase gene
(MdBAM3) in apple [J]. Molecular Plant Breeding. 2020, 18 (13) :
4205-4212 (in Chinese)

Tonhati R, Mello S C, Momesso P, Pedroso R M. L-proline alleviates
heat stress of tomato plants grown under protected environment [J].
Scientia Horticulturae, 2020, 268: 109370

Hildebrandt T M, Nesi A N, Araljo W L, Braun H P. Amino acid
catabolism in plants[J]. Molecular Plant, 2015, 8(11): 1563-1579
Gaufichon L, Reisdorf-Cren M, Rothstein S J, Chardon F, Suzuki A.
Biological functions of asparagine synthetase in plants[J]. Plant Science,
2010, 179(3): 141-153

Han M, Wang SZ, Wu L D, FengJ H, Si Y J, Liu X N, Su T. Effects
of exogenous L-asparagine on poplar biomass partitioning and root
morphology [J]. International Journal of Molecular Sciences, 2022, 23
(2D): 13126-13141



130 IS [ N SR S 2025 4F 45 30 %

[47] LiuHJ, WulJQ, SuYW, LiYB, ZuoD H, Liu HB, Liu Y X, Mei X notoginseng by inducing the accumulation of ROS [J]. Journal of
Y, Huang H C, Yang M, Zhu S S. Allyl isothiocyanate in the volatiles of Agricultural and Food Chemistry, 2021, 69(46): 13713-13723
ssica iunc inhibits S P > fo BTN
Brassica juncea inhibits the growth of root rot pathogens of Panax ﬁ-,f{. % fm-_ q,j % £

SE—EER AT RN, PO 3 T B B AR R E R AR P A B A B Ll 1 )
EHF AR A G R BB AT A AT S R g U E 1,

)
1)

¥

WBIRAEE B A8 P O, 1 2R S0, R R = T 1 W A5 AL B K v IR AR IR 0 R F
Ko EFRERFEE AAREILATE B H L E R A SRR i K34 200 /58 70 H 55
ANZH5EZRRE G LZITRITE 20, T mm ALV BE TSI H 13, 7 Jownal of Agricultural
and Food Chemistry Microbiology Spectrum .Soil & Tillage Research % P I % F SCIE X 30 4354 ,
Hh SO I T SC 30 AR 5 @ 4 % 3 290, AT A 30 R, 2019 4FE Ak =R w2 IRAA TR
CTFAERNA I A A T E AR AR kN R A AATHE .




