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Effect of short-term low temperature stress on non-structural carbohydrates
in Camellia oleifera leaves

WANG Hongrun', XIA Jianmei*, SUN Yongjiang'
(1.State Key Laboratory of Efficient Production of Forest Resources/ College of Forestry, Beijing Forestry University,
Beijing 100000, China; 2.Xinxian Lingrui Oil Tea Research Institute, Xinyang, Henan 464000, China)

Abstract: [ Objective] The contents and metabolic mechanism of non-structural carbohydrates ( NSC) in Camellia oleifera leaves
under low temperature stress were investigated to provided theoretical basis for improving cold resistance and optimizing planting
strategy of C.oleifera. [ Method] Different low temperature treatments (0 and -5 °C, with room temperature as the control) for 6,
12, 18, and 24 hours were applied on C.oleifera ‘ Changlin 40’ for the analyses on phenotype, contents of NSC ( namely soluble
sugars and starch) , as well as activities of sucrose metabolizing enzymes, to analyze the effect of short-term low temperature stress
on NSC levels in C. oleifera leaves. [ Result] Low temperature stress led to increases in the concentrations of malondialdehyde
(MDA) and H,0, in C.oleifera leaves, and the increasing rates were enhanced with the severity of stress. Low temperature stress re-
sulted in lower contents of starch while higher contents of soluble sugar in C.oleifera leaves; at the same time, the activities of su-
crose synthase and sucrose phosphate synthase declined compared with the control group; while the activities of acid invetase and
neutral invetase went up. [ Conclusion] Low temperature stress exerted significant impacts on the contents of NSC in C.oleifera leav-

es; the adaptability of C.oleifera to low temperature was achieved by enhancing the activities of acid invetase and neutral invetase,
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which led to greater contents of soluble sugar ( glucose and fructose) and starch level.

Key words: short-term low temperature stress; Camellia oleifera; non-structural carbohydrates; sugar metabolism; sucrose
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Fig.1 Phenotypes of C.oleifera leaves at 24 h after different low temperature treatments
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Fig.2 Concentrations of MDA (A)and H,0,(B) in leaves of C.oleifera seedlings under low temperature stress
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Table 1 Contents of soluble sugar in leaves of C.oleifera seedlings under low temperature stress

AbF o JEMRE) /( mg - g’l ) Soluble sugar content
Treatment 0h 6 h 12h 18 h 24 h
CK 19.34+3.43a 17.49+3.37b 19.68+0.91b 21.75+4.07¢ 22.58+2.02b
Tl 18.45+1.95a 25.51+5.24a 20.60+3.55a 30.27+2.11b 37.61+1.72a
T2 18.79+4.55a 27.52+1.70a 29.88+4.22a 35.98+1.70a 38.73+1.50a

D RV A bR 22 s RISV BAR 5 R RN SRR 22 53 35 (P<0.05)

Data in the table are meantstandard deviation; different lowercase letters indicate significant differences in data within the same column ( P<0.05).
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Table 2 Contents of starch in leaves of C.oleifera seedlings under low temperature stress
Ab 3 o(VER)/(mg - g”) Starch content
Treatment 0h 6h 12 h 18 h 24 h

CK 51.58+4.86a 123.85+4.16a 89.78+9.03a 82.79+6.74a 72.27£2.96a
Tl 59.41+5.06a 49.38+4.39b 40.99+3.01b 32.63+4.78b 31.23+7.42b
T2 52.29+3.74a 40.69+1.36¢ 42.37+5.80b 33.63+5.06b 30.61+10.79b

D R PR A T bR 22 s RISV B IE R RVNE S RERR 22 57 3 (P<0.05)

Data in the table are meanzstandard deviation; different lowercase letters indicate significant differences in data within the same column (P<0.05).
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Fig.3 Contents of glucose (A), fructose (B) and sucrose (C) in leaves of C.oleifera seedlings under low temperature stress
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Fig.4 Activities of sucrose metabolizing enzymes in leaves of C.oleifera seedlings under low temperature stress

HRIWE SRWE R RERE & n] VA R 0 20 BT
SEA IR A R AL A R IR R IE A
L A R RS NSC 2 kA — R AR AR B A A
Ak, DAGE I SRR RS . AT PR R A TE
W N AT BB R —REEY B, AR
B RRTELE T RER R A 8 RV Mot 2 1, 8
R YT IERE SR AR R AR
et IR S0 S 258 e B T A R 5 S A e (]
ARG 35 S 2520 3o Tl 45 (Y BIF 5E 45 A B
TR AAF T AE YR NSC AT RUAH B4R
A WSR2 S SO Y R BRI E B A
NSC #5 st PR AL 2Rt By 1 R X
0, SR S b , Al I, PRAIE T
ML B IBEH AR E Y X A S A AR L
ARG AR 5 28 R B0 SR 2
Fr iGN, ORI AT BESE TR T L
Wik B Y 1) 24> HZUHEAT ) BB A B AR 1Y
AT 2l , Rl LU B PR AR R, 0 D 2 LA
AEfFiE R RS Zh, 2 B R RS E R A H
PO R i, XL DY IR AR il At
( Elymus sibiricus ) 2l B BEME & 52 5 R £ 1% (po-
lyethylene glycol, PEG) il i 38 58 11 3 20 ; 3 =

ETRFFE A, KA WE R 5 E 5 ( Festuca elata)
FERE & w3, DL B IR SR 45 2R 5 A BT
FEEE AR

MEYIAEZ BIWIEE 5 W T e 1 5 1 A
TIRE , 2 VAR MR I 0 05 e, LA X R 2 4t 1
T T2 PR HERE & BRI i R H Y
R AT T 24 < A 0 A P TR 20 S T A B LR R
SS FI SPS F 2 5 G A O, SR A YR N BEAR
W B — R A RE M B B L,
TEPEAE A T LS W 9 A PN R A A RE
ARWFFE R AR S50 SS Fl SPS T YRR E2 AR,
HE5XEERLEE(P<0.05) , XU H7EAR IR MM A
T I AT T AR SS T SPS 1 1 e AR ARG T A %) FR
B2, LI ofe G ARG 3 396 1% T R G HL 1 B AN ) 5
M), 335 X 3 ) b T 8 22 1 4 i B g 4 R
FEABL, AT NI 5 Fof G AR 400 1R P9 TR0 199 4 i £ 05
HEAEEER ., ARUFERI, AT NI IS PR
oy o [ B 4 S BT e s B, 3T BB T AT KR L
FoiRSE 8 — b 1 B T, AT I NT 2 55 44k e K
it BN W R SRR (R AR R B A K R B R
WKL A, SR B BE . AL
NI & PER ARG 6 h 3t 5 CK B B 25 5
AT LA R 33X S — I L[] AR 4 32 31 7™ 8 i aa



5 3 1

F LTI A R 0 X il 2 i R AR A R K AL S P B

- 397 -

I, 38 V)R S AR R 9 ik K AL S W R 25 | 2 e
Yy RS COBE AR Ry e U R DR UEAE 90 04 1E 5 A= A i
B, X5 SO BRI A AL, BLA, iRH
RZ 5T R WY, ALY 52 B A0SR A P I 38 i, 4R
DAL R AT T P 2 38 i, LA 2 A X 8 3 2 - Ay,
PRI IE AR

25 LT AR D S BOm A Kbk 40° &)
B R M R YA e U
FLE IR NSC & & ok s A8 % i e, AT R AR AR
T AT R RS B b A AR
SOBE S BRI, — 5 T A] RRJE ERE £ 3 2 5K
53— 7 W] B BRI AT S 8, RIR
35 2R A B R B SS | SPS i P A, AT NT
TEMETE R, BT R B f A A0 mT e 2 ph A il 0 1
AL TR, (HA AN HE R & HA AT PR K A6 & 2
SR IS 800, X 72— T

5% 3Lk ( References)

(1] BRI, IR 5, XGRS 5. T 5l T stk Sk
TR S ARS PR AL S B [ ] YRS 4,
2023,47 (10) ; 1407 - 1421. DOI: 10.17521/cjpe.2022.
0276.

CHEN T Q, XU G Q, LIU S S, et al. Hydraulic traits ad-
justments and nonstructural carbohydrate dynamics of
Haloxylon ammodendron under drought stress[ J]. Chinese
Journal of Plant Ecology, 2023, 47 ( 10) . 1407 — 1421.
DOI: 10.17521/¢jpe.2022.0276.

SR, S ZR U AR 2B A A G5 X W S v R A A K
W AR SS A PERR KA S WD R [ )] R BRI R 22
R EHRBIERT) ,2020,44(6) :85-93. DOI; 10.3969/].
issn.1000-2006.201903071.

ZHANG Y C, GUO S J. Effects of plant growth retardants

[2

[

on the growth of branches and non-structural carbohydrates
in leaves of chestnut ( Castanea mollissima) seedlings[ J].
Journal of Nanjing Forestry University ( Natural Sciences
Edition) , 2020,44(6):85-93. DOI. 10.3969/].issn.
1000-2006.201903071.

[3] AHE, i SCH, B A5 B T 5 0 ) B RO AT )
FELEFVERR KA B YIRS [ )] A A 34, 2020,
44(6) :669-676. DOI. 10.17521/¢jpe.2019.0331.

SONG L, LUO W T, MA W, et al. Extreme drought
effects on nonstructural carbohydrates of dominant plant
species in a meadow grassland [ J ]. Chinese Journal of

Plant Ecology, 2020,44(6) :669-676. DOI. 10.17521/

¢jpe.2019.0331.

[4] CAZETTA J O, REVOREDO M D. Non-structural carbo-
hydrate metabolism, growth, and productivity of maize by
increasing plant density [ J ]. Agronomy, 2018,8 (11):
243. DOI; 10.3390/agronomy8110243.

[5] LIU X, GRIEVE C. Accumulation of chiro-inositol and
other non-structural carbohydrates in Limonium species in
response to saline irrigation waters[ J]. Journal of the A-
merican Society for Horticultural Science, 134(3) :329-
336. DOI: 10.21273/jashs.134.3.329.

[6] ZE7k W, ik T e Btk W 2R 8% ( Syntrichia caninervis) JE

SEATERR KA S W) & BB RR K B N [ ] AR 2
#2,2018,38(23) :8408-8416. DOI; 10.5846/5stxb20180
1010004.
LI'Y G, ZHANG Y M. Response of non-structural carbo-
hydrate content of Syntrichia caninervis to dehydration
process| J]. Acta Ecologica Sinica, 2018,38(23) :8408—
8416. DOI: 10.5846/stxhb201801010004.

(7] skaRib, SRER A, FME 5. A A HE 52500 %o Al S - fie 741

S50 ARG PERR AR AL A D B2 [ ) ] AL sTpROlE R
2##,2020,42 (1) :46-53. DOI: 10.12171/j. 1000 -
1522.20180437.
ZHANG Y C, GUO S J, SUN C H. Effects of growth re-
tardants on anatomy and non-structural carbohydrates of
chestnut leaves[ J]. Journal of Beijing Forestry University,
2020,42 (1):46-53. DOI. 10.12171/j. 1000 - 1522.
20180437.

[8] SILD E, YOUNIS S, PLEIJEL H, et al. Effect of CO, en-
richment on non-structural carbohydrates in leaves, stems
and ears of spring wheat [ J ]. Physiologia Plantarum,
1999,107(1) :60-67. DOI. 10.1034/j.1399-3054.1999.
100109.x.

[9] TRAVERSARI S, NERI A, TRAVERSI M L, et al. Daily
osmotic adjustments in stem may be good predictors of wa-
ter stress intensity in poplar[ J]. Plant Physiology and Bio-
chemistry, 2020, 146 13 -22. DOI. 10. 1016/j. plaphy.
2019.10.039.

[10] FRRA, KK FE, 28 B, 5 A8 W) A 3 22 570 %) = o 3R

GERVERIOKAL B & B S B [ )] B A
2021,29(2) :407-411. DOI. 10.11733/].issn. 1007 -
0435.2021.02.025.
ZHANG T J, ZHANG Y L, LI W, et al. Effect of growth
retardants on content of non-structural carbohydrate and
products of ley mus chinensis[ J]. Acta Agrestia Sinica,
2021,29(2) :407-411. DOI. 10.11733/].issn. 1007 -
0435.2021.02.025.



- 398 -

(e NS

e ( AZABLER)

%54 %

[11] 25, 24, X204, 55 2R AKCE XS A i Ui

[12

[13

[14

[15

]

]

[

]

KEERGETEE S AR S PERROK AL S R R [ 0] AR 7S
2741%,2019,39(24) :9052-9057. DOI; 10.5846/stxh20
181011220.

XIANG F, LI W, LIU H Y, et al. Effects of nitrogen
levels on key enzyme activities and non-structural carbo-
hydrates in nitrogen metabolism in tea leaves[J]. Acta
Ecologica Sinica, 2019,39(24) .9052-9057. DOI. 10.
5846/stxb20181011220.

Tl MR, B, 45K 2 30 6 A b 4 v AR 46
FVEBRK AL W o3 BE RS2 [ )] AR5 A4k, 2019,
38 (11):3283-3290. DOI. 10.13292/j. 1000 - 4890.
201911.01.

WANG K, LIN T T, LU L Y, et al. Effects of water
stress on non-structural carbohydrates distribution in pop-
lar seedlings[ J]. Chinese Journal of Ecology, 2019, 38
(11):3283 - 3290. DOI. 10. 13292/j. 1000 - 4890.
201911.01.

TR AR, A S5 PR 8] B I 18] X0
Vi A 1A A 1 AR K 3 45 K A AR S5 R MR K AL P B
[ J]. A AR, 2024, 44 (3) £ 1251 - 1263. DOI:
10.20103/].stxb.202302230319.

ZHANG Z L, YU H X, QU L P, et al. Effects of heat
wave frequency and interval on the hydraulic structure
characteristics and non-structural carbohydrates of Phoebe
bournei and Schima superba seedlings[ J]. Acta Ecologica
Sinica, 2024,44 (3) 1251 -1263. DOI. 10.20103/j.
stxb.202302230319.

R, AN, BT A A S s L A T A A A
A=Wy R ARG PR A W [ ) ] AT ST
2014,34(2):212-218. DOI: 10.7525/j. issn. 1673 -
5102.2014.02.012.

LI N, SUN T, MAO Z ]. Effects of long-term high-tem-
perature stress on the biomass and non-structure carbohy-
drates of Pinus sylvestris var. mongolica seedlings [ ]].
Bulletin of Botanical Research, 2014,34(2) :212-218.
DOI: 10.7525/].issn.1673-5102.2014.02.012.

T%E, DO XRS5 JRLBE I @ . CO, MR T |
Jil RN 52 MR Al v A S5 AR K Al P BRSO S
MZEE 2R [ )] AR R 5741, 2010,34 (10) : 1174~
1184. DOI; 10.3773/j.issn.1005-264x.2010.10.006.
MAO Z J, JIAGM, LIU L X, et al. Combined effects of
elevated temperature, elevated CO, and nitrogen supply
on non-structural carbohydrate accumulation and alloca-
tion in Quercus mongolica seedlings[ J]. Chinese Journal

of Plant Ecology, 2010,34(10) :1174-1184. DOI. 10.

[16]

[17]

(18]

[19]

[20]

[21]

3773/].1ssn.1005-264x.2010.10.006.

JEIOR , AR, T RM, 25 LA ) ¥ 440 ME A
ZERBR KA B o AL [ ] R R S
2009,33 (1) :118-124. DOI. 10.3773/].issn. 1005 —
264x.2009.01.013.

ZHOU Y B, WU D D, YU D P, et al. Variations of non-
structural carbohydrate content in Betula ermanji at dif-
ferent elevations of Changbai mountain, China[J]. Chi-
nese Journal of Plant Ecology, 2009,33(1).118-124.
DOI. 10.3773/].issn.1005-264x.2009.01.013.

GENT M P N. Dynamic carbohydrate supply and demand
model of vegetative growth: response to temperature,
light, carbon dioxide, and day length [ J]. Agronomy,
2018,8(2) :21. DOI: 10.3390/agronomy8020021.
PR, IMEEL, SR FE A, S5 AN R] S0 IR Ay 50 AR Ut 1
TR 2R AL f R SR ARO[ )] A AR B R
2023,59 (1) :219-230. DOI. 10.13592/j. cnki. ppj.
100194.

TANG R Y, SUN M H, WU L L, et al. Alleviating
effect of different exogenous substances on floral organs of
Camellia oleifera under low temperature stress[ J]. Plant
Physiology Journal, 2023,59 (1) :219-230. DOI. 10.
13592/j.cnki.ppj.100194.

SV Az A, A AR R B T T S
TEAESE 52 B A R vE Ry 2 e [ 0] A8 W 28 3 22 4l
2020,56(4) :681-692. DOI; 10.13592/]j.cnki.pp;j.2020.
0061.

WULL, LI J A, WANG N, et al. The effects of low
temperature stress on the flowering, fruiting and physio-
logical characteristics of two Camellia oleifera cultivars
[J]. Plant Physiology Journal, 2020,56(4) :681—-692.
DOI: 10.13592/].cnki.ppj.2020.0061.

S0 /N BHIR R, 45 LSRR X AN R AR AR R Y
PEBRNE S [ )] G AR R 2R 4l 2019, 46 (4) £ 655 -
659. DOI; 10.13610/j.cnki.1672-352x.20191013.022.
WU W, GAO X M, HU J J, et al. Physiological respon-
ses of northern Camellia oleifera to the habitats in differ-
ent altitudes[ J]. Journal of Anhui Agricultural Universi-
ty, 2019,46(4) :655-659. DOI. 10.13610/j.cnki. 1672~
352x.20191013.022.

kR, T PRRIRG , A5 7 2 AR a0 X X ¢ AR
B W LA R B RS20 [ )] 74 Aol R 4l
( ASRBl£) ,2022,42( 1) :100-107. DOI;10.11929/].
swfu.202007010.

GAO L X, WANG Q, CHEN Y Q, et al. Effects of sub-

chilling stress in spring on photosynthetic physiological



5 3 1

F LTI A R 0 X il 2 i R AR A R K AL S P B

- 399 -

[22

[23

[ 24

[25

[26

]

]

[

]

[

characteristics of Camellia oleifera * Huashuo’ leaves
[J]. Journal of Southwest Forestry University ( Natural
Sciences) , 2022,42 (1) :100-107. DOI. 10.11929/j.
swfu.202007010.

HORT  BRE, B0, S5 T A R R A S5
FREASAR AL [ T]. ARl B W 5%, 2018, 31 (3) : 136 -
143. DOI; 10.13275/j.cnki.lykxyj.2018.03.018.

CAO L Q, ZHONG Q P, LUO S, et al. Variation in leaf
structure of Camellia oleifera under drought stress [ J].
Forest Research, 2018, 31 (3): 136 — 143. DOI. 10.
13275/].cnki.lykxyj.2018.03.018.

B, EIRER B B, S s b AR A v R TR
AFFOEAUH LA ILEE [ 1] P LA P 22 4, 2017, 37
(1):8-13. DOI. 10.7606/].issn.1000~-4025.2017.01.
0008.

HUANG R J, WANG Z Q, YANG Y, et al. Observation
on morphological traits and ultrastructure of abnormal leaf
induced by Exobasidium gracile in Camellia oleifera[ J].
Acta Botanica Boreali-Occidentalia Sinica, 2017,37(1) .
8-13. DOI; 10.7606/j.issn.1000-4025.2017.01.0008.
il 3, R A7, it T3, S R O E RS TN
BURF M A RE R IR0 X Ol FR 5 B2 iy e iz [ 9] 7
Y4 ,2022,42(9) : 1552-1560. DOI; 10.7606/].
issn. 1000-4025.2022.09.1552.

HE Y L, WU Y, YE Z P, et al. Response of intrinsic
characteristics of light-harvesting pigment molecules,
light use efficiency to light intensity for oil-tea ( Camellia
oleifera) [ J]. Acta Botanica Boreali-Occidentalia Sinica,
2022,42(9) :1552-1560. DOI; 10.7606/].issn. 1000 —
4025.2022.09.1552.

ZRULREL TR ) B/ AELED D BN I i AR K
FOEERER S [ ] MOl BHE ST, 2018,31(2)
176~-182. DOI. 10.13275/j.cnki.lykxyj.2018.02.025.
GONG H E, DING Y F, YAO X H, et al. Effects of
light qualities on growth and photosynthetic characteris-
tics of Camellia oleifera cutting stocks [ J ]. Forest Re-
search, 2018,31(2):176-182. DOI. 10.13275/j.cnki.
lykxyj.2018.02.025.

SKIB I B, 1A RE A2 ARAE S IRDIN S i AR RS A4 7
G Xor R IR Y 0 1 22 5 [ 0] rp R AR BB R
#%,2023,43(12) :67-82. DOI; 10.14067/j.cnki. 1673
923x.2023.12.007.

ZHANG Y Y, YOU L, HU D N, et al. Variations of tree
nutrient response to potassium deficiency stress in differ-
ent two-year-old Camellia oleifera cultivars[ J]. Journal

of Central South University of Forestry & Technology,

[27]

(28]

(29]

[30]

[31]

[32]

[33]

2023,43(12) :67-82. DOI: 10.14067/j. cnki. 1673 -
923x.2023.12.007.

T BB 20, XL R AR T Y A R X
AR BT E A R G R [ )] AR PR R
2#4%,2019,38(8) ; 1882-1890. DOI; 10. 11654/ jaes.
2019-0042.

YU FM, QLP Y, LIU K H, et al. Effects of lime on the
growth and antioxidant enzyme system of Camellia oleifera
in manganese-contaminated soil[ J]. Journal of Agro-En-
vironment Science, 2019,38(8) :1882-1890. DOI. 10.
11654/ jaes.2019-0042.

PR , el A A= PR SRR S [ ML M AR
BT R 24 1 A, 2015.

CHEN J X, WANG X F. Experimental guidance of plant
physiology [ M ]. Guangzhou: South China University of
Technology Press, 2015.

FILS-LYCAON B, JULIANUS P, CHILLET M, et al.
Acid invertase as a serious candidate to control the bal-
ance sucrose versus ( glucose +fructose) of banana fruit
during ripening [ J ]. Scientia Horticulturae, 2011, 129
(2):197-206. DOI; 10.1016/j.scienta.2011.03.029.
DE BRUYN J W, VAN KEULEN H A, FERGUSON
J H A. Rapid method for the simultaneous determination
of glucose and fructose using anthrone reagent[ J ]. Jour-
nal of the Science of Food and Agriculture, 1968, 19
(10) :597-601. DOI: 10.1002/jsfa.2740191009.
KRAETT W, X5 B, 45 AR Tt W 300 5 24 AL K
L EE AR SRR AL [ D] 2R 2SR
,2020,39( 12) :4048-4056. DOI; 10.13292/j.1000-
4890.202012.003.

ZHENG C F, CHEN W, LIU W C, et al. Recovery
mechanisms of photosynthesis and sucrose metabolism in
Kandelia obovata seedlings from low temperature stress
[J]. Chinese Journal of Ecology, 2020,39(12) ;4048-
4056. DOI; 10.13292/j.1000-4890.202012.003.

JAIRO A P. Photosynthesis, transpiration, and leaf diffu-
sive conductance of the cassava leaf in response to water
stress[ J ]. Canadian Journal of Botany, 1983,61(1):
373-376. DOI; 10.1139/h83-043.

B A S B O T SEE R S NLSN UY VLSRN
it v 5 A AR R P38 TR TN R (MDA) & # 1 X R
[J]. REE£,2003,22(2) : 127-131. DOI; 10.3969/
J.issn.1000-9841.2003.02.010.

QIAO Y K, LI G L, WANG W P, et al. The salt toler-
ance of callus of wild/cultivated soybean and MDA con-

tent of plant grown in salty soil[ J]. Soybean Science,



- 400 -

(e NS

e ( AZABLER)

%54 %

[34

]

2003,22 (2):127-131. DOI: 10.3969/]. issn. 1000 —
9841.2003.02.010.

TSP AT IR AR FR I AR Bt KR A R
SERTEROKAL G S R A )] AW A S
#2,2019,43(6) :521-531. DOI; 10.17521/cjpe.2018.
0325.

ZHANG Y P, HAI X Y, XU J L, et al. Seasonal dynam-
ics of non-structural carbohydrate content in branch of
Quercus variabilis growing in east Qinling Mountain range
[J]. Chinese Journal of Plant Ecology, 2019,43(6) .
521-531. DOI; 10.17521/¢jpe.2018.0325.

[35] AR R, 36 25 82, 4. W10 A J 2 o il i

[36

[37

[38

—

—

—

WIHTIEEPAT [ ). 28 BFARBT L, 2019,37 (4) 1 10-19.
DOI; 10.14067/j.cnki.1003-8981.2019.04.002.
SHILZ, NITH, PEI Y X, et al. Evaluation on cold
tolerance of main Camellia oleifera cultivars at seedling
stage in Hubei Province[ J]. Non-wood Forest Research,
2019,37 (4).10~-19. DOI. 10.14067/j. cnki. 1003 —
8981.2019.04.002.

KA XUARIE, X R, 4585 5 TAA X 50 R R
R BEIE A A IR ST A AL L I Rk i me [T ]
£ ,2021,38(12) :2034-2044. DOI; 10.13925/
j-cnki. gsxb.20210242.

ZHANG B, LIU L' T, LIU R N, et al. Effects of calcium
and [AA treatments on active oxygen metabolism and re-
lated antioxidant gene expressions in the peel of cracking
sensitive fruit of Miguang tangerine[ J]. Journal of Fruit
Science, 2021,38( 12) :2034-2044. DOI. 10.13925/j.
cenki.gsxb.20210242.

PINACHE, XU, 5 W15, 45 AP 7E AR IR 0 T
PRI TS (1] AR LA R~ 2741, 2015, 46 (7) -
95-102,108. DOI. 10.19720/j. cnki. issn. 1005 - 9369.
2015.07.015.

SUN Y M, LIU L J, FENG M F, et al. Research pro-
gress of sugar metabolism of plants under cold stress[ J].
Journal of Northeast Agricultural University, 2015, 46
(7):95-102,108. DOI; 10.19720/j. cnki. issn. 1005 -
9369.2015.07.015.

X X SO8E 4, 5 815 22 4 BRI PEG
AL T 5 o o7 [ J ] R S ROBE2021,41(3) ¢
63-69. DOI; 10.13817/j.cnki.cyycp.2021.03.009.

LIU M J, LIU W H, YANG W, et al. Response of sugar
metabolism to PEG-simulated drought stress in Elymus

sibiricus seedlings [ J ]. Grassland and Turf, 2021, 41

[39]

[40]

[41]

[42]

[43]

(3):63-69. DOI; 10.13817/j.cnki.cyycp.2021.03.009.
Wz T FMhaa B SRS R AN ALA R i 20 BE AR
AR [ D . R AT FE AU RS2, 2013.
DAL Y. Effects of exogenous ALA on sugar metabolism of
tall fescue under drought stress and rehydration condi-
tions [ D ]. Nanjing: Nanjing Agricultural University,
2013.
IS AN W & 1 SERO R Kk 20 )&
TR B S M s [T ], 2 KA 5, 2021, 38
(6) :1713-1721. DOI; 10.13866/].azr.2021.06.23.
GAO Y T, ZHANG R, LI H X, et al. Effect of water
stress on sugar accumulation and sucrose metabolism en-
zyme activities of greenhouse grape fruit[ J]. Arid Zone
Research, 2021,38(6) :1713-1721. DOI. 10.13866/].
azr.2021.06.23.
VA, T ST, BRI, 45 RIS R IR — R
AR S R TR i 3 [ ] P AL AR 4 2
#%,2019,39(3) ;498-505. DOI; 10.7606/j.issn.1000—
4025.2019.03.0498.
DIAO Q N, TIAN S B, CHEN Y Y, et al. Response of
endogenous nitric oxide and sucrose metabolizing to chill-
ing stress in melon seedlings[ J]. Acta Botanica Boreali-
Occidentalia Sinica, 2019,39(3) :498-505. DOI. 10.
7606/].issn.1000-4025.2019.03.0498.
G SC R R SR, AR BE 30 X 9 i e AL Al R
SHDGERAERZ IR [ ] PG AR K224 (H
IRBLFIR) ,2006,34(12) :41-46,52. DOL: 10.13207/
j.cnki.jnwafu.2006.12.009.
MENG H W, CHENG Z H, WU Y, et al. Impact of tem-
perature stress on invertase expression and photosynthetic
characteristic in tomato plant[ J]. Journal of Northwest A
& F University ( Natural Science Edition ), 2006, 34
(12).41-46,52. DOI. 10.13207/]. cnki. jnwafu.2006.
12.009.
BRI, T A S, A AN SA XHIGIR e T 4 /N7
MR A RS2 [ )] 22 A 41, 2022, 42(8)
1031-1038. 10.7606/].issn.1009-1041.2022.08.13.
ZHAO X, MENG D Y, CANG J, et al. Effect of exoge-
nous SA on glycolytic metabolism of winter wheat ( Tritic-
um aestivum L.) under low temperature stress[ J]. Jour-
nal of Triticeae Crops, 2022,42(8):1031-1038. DOI;
10.7606/].issn.1009-1041.2022.08.13.

FrAE G B L FR A



