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Effects of Exogenous Trehalose on Leaf Physiological Characteristics
and Yield of Rice at Panicle Initiation Stage under High Temperature Stress
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(1 College of Agronomy, Anhui Agricultural University, Hefei 230036, China; 2 Jiangsu Collaborative Innovation Center for

Modern Crop Production, Nanjing 210095, China)

Abstract: In this study, Nagina22 (a heat-resistant rice variety) and YR343 (a heat-sensitive rice variety)
were selected as test varieties. Six treatments were set: spray water + normal temperature treatment
(NTO0), spray water + high temperature stress at panicle initiation stage (HTO0), and spray exogenous
trehalose 4 high temperature stress (HT1, HT2, HT3, HT4) at 5, 10, 15, 20 mmol *« L', respective-
ly. The effects of exogenous trehalose on chlorophyll content, photosynthetic gas-exchange parameters,

antioxidant enzyme activities, osmotic regulatory substance content, active oxygen content and yield of rice
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during panicle initiation stage under high temperature stress, were analyzed to provide theoretical basis for
developing heat-resistant rice cultivation and breeding heat-resistant varieties. The results show that: (1)
under high temperature stress at panicle initiation stage, the contents of chlorophyll, photosynthetic gas

exchange parameters and osmotic regulatory substances in the leaves of the two rice varieties decreased,

while the contents of MDA and H, O, in the leaves, as well as the production rate of O, increased, and the
activities of antioxidant enzymes in the leaves increased first and then decreased; which resulted in a signif-
icant decline in the kernels yield and its constituent factors. (2) Application of exogenous trehalose could
significantly increase the number of grains per panicles, 1000-grain weight and seed setting rate of rice at
panicle initiation stage under high temperature stress, thus improving yield. The 1000-grain weight and
seed setting rate of the inferior spikelets were higher than that of the superior spikelets. The optimal con-
centration of exogenous trehalose was 15 mmol « L '. (3) Exogenous trehalose spray with appropriate
concentration can improve the chlorophyll content of rice leaves, promote the photosynthetic rate, enhance

the activities of antioxidant enzymes SOD, POD and CAT, increase the contents of soluble sugar and solu-

ble protein, and reduce the contents of MDA, H, O, and the production rate of O, , so as to alleviate the
damage to rice caused by high temperature stress at panicle initiation stage and improve the yield. It was
found that exogenous application of 15 mmol * L™ " trehalose could improve the photosynthetic physiologi-
cal characteristics of rice leaves, enhance osmotic regulation ability, enhance the activity of antioxidant en-
zyme system, and thus improve the heat resistance and grain yield of rice under high temperature stress at
the panicle initiation stage. The results can provide a theoretical basis for developing heat-resistant cultiva-
tion and breeding of heat-resistant rice varieties.

Key words: rice; panicle initiation stage; high temperature stress; exogenous trehalose; leaves physiologi-

cal characteristics; yield
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Table 1  Effects of exogenous trehalose on rice kernels yield and its constituent factors at panicle initiation stage under
high temperature stress
s il Ak 7 (ﬁjﬁffi{r T-HiHE 1000-Grain weight/g 25503 Seed setting rate/ % G
Varlety - Treatment - papiele BB SS 544 15 A SS maes ) dperpore
NTO 103+1.7a 19.140. 2a 16.8+0. 2a 93.3%£2.0a 88.940. 3a 42.140. 6a
HTO 87+4.7c 17.340. 1d 15.2+0. 2d 50.9+3. le 45.141. 0e 16.9+1. le
HT1 9142. 1bc 17.340. 2cd 15.5+0. 1c 53.5+0. 6de 55.4+2.5d 20.44+1.1d
N HT2 94+2.5b 17.6+0. 1c 16.2+0.1b 59.2+1. 2¢ 57.84+1. 2cd 27.9+1. 1c
HTS3 101+2. 5a 18.240.2b 16.640. la 68.9+1.5b 63.141.7b 34, 741.2b
HT4 94+3.2b 17.440. 1cd 16.3+0.1b 58.2+4. 9cd 59.1+1. 1c 28.24+2.2¢
NTO 182+3. 5a 26.37%0. 2a 23.9+1. 2a 82.840. 5a 73.9%+1.5a 89.3+1.4a
HTO 145+4. 2¢ 18.240. 1f 14.140.2d 23.140.8d 18.640. 6d 12.6£0. 5e
HT1 159+3. 6b 18.840. 2e 16.1+0. 3¢ 26.942. 1c 22,241, 2¢ 17.1+0. 6d
YR343
HT2 17349, 6a 19.240. 2d 17.240. 1b 30.340.9b 25.940. 6b 22.3+1.7¢
HT3 176 +2. 6a 21.6+0. 6b 17.5+0.5b 31.440.9b 27.3%1.1b 25.140.9b
HT4 162+2.1b 20.24+0. 2¢ 17.340.1b 30.341.1b 27.640. 6b 22.140. 6¢

TE B o P S 4 bR 22 (SD) 5 7] — PR [ /NG 5 B e R AL BT TE 0. 05 /K22 53 i 3% (P<C0. 05) . Tl

Note: Data are mean®-SD, and different normal letters within the same variety indicate significant differences among treatments at 0. 05

level (P<C0.05). The same as below
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Table 2 Effects of exogenous trehalose on photosynthetic gas-exchange parameters of rice under high temperature

stress at panicle initiation stage

e e WL £ AL Wl CO, i B
Variety Treatment P./(umolem %+s™H G /(mmolem *+s 1 C;/(pmol » mol ") T./(mmol s m™ %« s 1)
NTO 12.540. 36a 0.6840.07a 348+8.89%a 6.497+0. 31a
N22 HTO 8.8+0.75¢ 0.4140.02¢ 284+11.51c¢ 5.31£0.12¢
HT3 10.5+0.52b 0.5740.02b 321410.50b 5.8540.06b
NTO 10.340. 96a 0.514+0.04a 305+7.37a 5.73%0.11a
YR343 HTO 6.8+0.53¢ 0.2940.03b 238+5.57¢ 4.5240. 25¢
HT3 8.6+0.32b 0.3340.02b 271+7.23b 5.07+0. 14b
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Fig. 1 Effects of exogenous trehalose on the content of chlorophyll in rice leaves under high temperature
stress at panicle initiation stage
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Fig. 2 Effects of exogenous trehalose on the activities of antioxidant enzymes in rice leaves under
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Fig. 3 Effects of exogenous trehalose on the contents of osmotic regulatory substances in rice leaves under

high temperature stress at panicle initiation stage
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Fig. 4 Effects of exogenous trehalose on the content of MDA in rice leaves under high temperature

stress at panicle initiation stage
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Fig. 5 Effects of exogenous trehalose on the content of H, O, and production rate

of O, in rice leaves under high temperature stress at panicle initiation stage

AbHER H4) 5 2 B, W AE AL B 9 R Y R 43 )
12,6 %M1 15. 9% ; s Bl ] Lb B & 3, 7€ HT3 4b 3
TL.YR343 i B H,O, M ARREIR K T YR343,
AL PRI ) N22 0 e B0 R 25 AR H, O,
S, [, 5 NTO 4b#AH H, HTO 4b 3R P 7K A5
SRR O B 7 A T AR B I S KR R
H YR343 40 B2 8K 5 HTO AH HL 4, N22 Al
YR343 M H O #7748 R e HT3 A B R 1 1
FEAG. AE AL BEEE 9 KA R R 4 o 12, 1% M
15,6 % ;b P[] e & 9L 7E HT3 20 3R, YR343

MR O 77 A R R R iR T N22, (E A 4b

B ) N22 0F A AR B AR A O 2 A
DI 7 25 TR 30 3 B R L N22 3 B i AL E
e T AR N22 ELAT O SR T A B T A
33w
3.1 SNEBEHEE R KA A S A4 1 2
4 1 P 5V 0 K R B 6 AR TS
B KRR R HE T OE 8 00 4 1R FA A R 4
PRSI K T 1 R L T AR E K AR R

146 9T & UK AR 22 R 38 °C ey i a0 2 il
BREZ BN PG C T, ML 2R 5 i



4 1 W M8, A5 AM U B X R L 30 RS A KR R A VR T 7 R Y R T 635

KT It AR S BUKR . A&
KU S, 2EAE AL ] 38 °C 25 i WA T, 5 K RS
R PG .C T, MRS BB ET
ReE: o 9 it A 7 RS 11 7 ek R HL A o PR 2R 3% 2 AT
HARGR Y &R OYR343 FT 52 5% i K T it = IR R
N22, [, ay 4 W7ot & 7 885 2 5 BOK RS 8™
MIERRZ —, ST YA s RS
HEEGEAXREY . R E S & 2HY
YA e A VE A ARED ™ . Shahbaz 26 #F 58
S BLAN IR it Vg R B T R W R OK AR s R
TR ISR T OGS R A RE S . Zhao Y K
IR 1 T M 38T SR TR M X R AT 2 11 i A
SER UL B AR AR B AR . RSk
H0 1 R 3T AU i 9 W T A S A g e
f It 2 3R B e I 4R KRR G AR ) I A S
7 Horb 5 SOk Y 4 TH I R SR Ok R R A
F ON22 (REFR S R e A DL OB A BE T BE
TE 2 HAE R0 R PR AR e i R 2 —
3.2 SMEBIMEEEEKREM R A4 DR
Y g VPt F A BT ORE L B R E 1 6
BN RZ —., R AEA Y 5E 5 5 BUK RS54
Yyt R A B A O b 7 e SR L g
PR IR 25 0 (PR o o 1o 108 1 0 T 2 100 790 5 725 A
O3 F) K 45 T PR AR AR BN N USRI LA T R
GF WP AR . AT A 3 3 BT B Vi O T 3E 5
P& B AE A RE ) L K Al HE05 05 O 258 2Ok 1 o
i L7 L ORI LI =0) R
SOD.POD.CAT J& 3 Ff & 2 (W P1 & ALl , Xt
W 39 B8 A A R D T MRS A E T B B AR
RIS L I8 4 20 F 9% e PR AK 300 R 3R I 30 b BT
KAEN R SOD 36 M 2 e THE R, AR5
W BT I — FUAE B S Ak 4 v UL E R T K R
T i b B S A0 il O 1 2 S B S T R R R L Tt
o R ON22 M AT AVEUR S R OYR343 — H A RR
HEE AP EEG PE. Toah DY B 5T & B iR
30T S it A W T o R g e A A T R Ok Y iR

SE K

(1] farifevs, #RURL, REEE, %, KARRB RN GL12-1 %
S HLI]. VALY A4, 2022, 42(8): 1 301-1 306.
HE N Q, HUANG F H, YU M X, et al. Genetic identifica-
tion and utilization of a novel rice grain length gene GLI12-1

[J]. Acta Botanica Boreali-Occidentalia Sinica . 2022, 42

INFE G TR B AR B SY e B R b 38 T R it
15 mmol « L' (Y &MG I BE0% 5 32 T KAk A
P ECI E I R R T OK R P R E A
PR VA AL B R, N22 M R b Bt SR AL I I
AP B E SR B B eET
B 3k Ui B N22 X B 4310 30 i 3 A FIR P RE A R .
PLE5 85 KA 4 % R o 45 SR AR

IRy ¥ BT aR ¥ & PR Lic iR 37 3 LR E]
Yy )% , Shahbaz % B 58 % B A1 5 W58 Jit 15 5 4 T
FHE R R AR BB RS . AT
45 Al & B A0 ) IR P 38 R AN B i 15 mmol
o L1 AT 0 AR 0 0 S 1 I o K R SRR i R v i
ATV PR RN RT VAR B A i, OF HON22 A Ak 2R ]
— HR R ER SRR A E A e,
B F MDA H,0, KK O, R 2 2 FAR KRR
rE AL RE F1, M X K R 19 A K & B AN R
i, BRSO I 5T & B R T A YR I it e
WA o 2 i G o E AL R B VR . TEAR TS
r, AR I it Vg 35 B B AT T T K R L R MDA R
H,O, &l & O, Mr=4 oK, N22 78 & i g
Ab PRI ] 44 35 5 B IR MDA i H, 0, & & L&
O; P2 3 AT Al e R a0 RE AR AR
7 L 22— R EAR B T R AESE

445k

TE 7K et B8 43 Ak 300 e TR 38 A5 0 W i 3 RV
JE B 5 v AR T O AR 0 A 3 i T A R A R A
H L H A 15 mmol « L1 A9 7 35 4 A0 3 50 R i
N IXAT AR R PR D W v R ST T LA AR
KA I R R R R RR O BRI
T A2 2 A AR 8 A 4 s Uk, T DLgE s i R b b S L
M A RO BRI A R B AR R A L R S
T 38 3 ) 2k AR A O L T A K R R Y 4R
Tho ABEFEEE R A K R A o0 4 301 v 1 A 5 1 B 455 K
VR SRR i & N

(8): 1 301-1 306.

[2] RABARA R C, MSANNE J., BASU S, et al. Coping with in-
clement weather conditions due to high temperature and water
deficit in rice: An insight from genetic and biochemical per-
spectives [ ] ].  Physiologia Plantarum, 2020, 172 (2):
487-504.



636 Wodt oMoy o iR 13 %
[3] WANG Y L, WANG L, ZHOU J X, et al. Research progress (127 4pfEss, T Bk, $h fd, 25, AN R EOWE 6 B E 30 R S ]
on heat stress of rice at flowering stage[]]. Rice Science. KRR A AR R AR AR R R [ ], ARl R 22
2019, 26(1): 1-10. . 2020, 51(6): 1-9
(4] BEsefe, TG, RN, 2. AN SR N RS2 i K R ZOU D T, WANG S, SUN ], et al. Effect of exogenous tre-
W EIRGEMYLBEF T[] ]. P EKRER2:, 2019, 33(5). halose on seedling growth and physiological characteristics of
457-466. different rice varieties under alkali stress[J]. Journal of
CHEN Y H, WANG Y L., ZHU D F, et al. Mechanism of Northeast Agricultural University, 2020, 51(6): 1-9.
exogenous brassinolide in alleviating high temperature injury at [13] SRBE AL, YA mHEARIM]. M. £ 7R
panicle initiation stage in rice[ J]. Chinese Journal of Rice Sci- PR WAL, 1994,
ence , 2019, 33(5) . 457-466. ZHANG X Z, CHEN F Y. Experimental Technology of
[5] M. & k. LEER, & KBEAHE T 2-miEsg X Plant Physiology[ M]. Shenyang: Liaoning Science and Tech-
B AR BE R ALICT ], HR ROl K2 23R, 2019, 54(6) . 39-46 nology Press, 1994.
+54. [14] &4, HOAEMA LR FEHMMEARIMI ot m%H
SHANG R X, YU X, YOU CC, et al. Adaptation physiolog- 'R . 2000.
ical mechanism of rice under dual stress of drought and high LI H S. Principles and Techniques of Plant Physiological and
temperature in booting stage[J]. Journal of Gansu Agricul- Biochemical Experiments [ M]. Beijing: Higher Education
tural University , 2019, 54(6): 39-46-+54, Press, 2000.
(6] Zdde, AR, XU ¥, . MWW ARt ROLTE R 4 e [15] HRUX, #&X5F, 5k 4, 55, MEERBR AR I Kot AR B
PE RN, TP =4, 2011, 23(6) . 25-27. PEXT T R A B (], VAL AR 2R, 2022, 42(8) .
LIJ H, ZHANG C Y, LIU H, et al. Characteristics of treha- 1 347-1 354.
lose and its application in improving stress tolerance of plants MA F Y, ZHAO B P, ZHANG R, et al. Response of oat
[J]. Acta Agriculturae Jiangxi, 2011, 23(6): 25-27. plant growth and leaf physiological activity to soil cadmium
[7] PELLNY T K, GHANNOUM O, CONROY ] P, et al. Ge- stress[ ] . Acta Botanica Boreali-Occidentalia Sinica , 2022,
netic modification of photosynthesis with E. coli genes for tre- 42(8): 1 347-1 354.
halose synthesis[ J]. Plant Biotechnology Journal, 2004, 2 [16] XU G W, ZHAO X H, JIANG M M, et al. Nitrogen forms
(1. 71-82. and irrigation regimes interact to affect rice yield by regula-
[8] ZE{EE, 2= &, @fs 0. SN dE R o R IR B ok C, ting the source and sink characteristics[ J]. Agronomy Jour-
B PEPC K f it £ MERG HLAI [T ], MIH 2440, 2021, 56(3): nal, 2021, 113(5); 4 022-4 036.
296-314. [17]  Wedes, F5#. L3, . KRS P9 b3 2 65 B Xl it
LIJ X, LI X, XIE Y F. Mechanism on drought tolerance en- I e R R LR AR IR A R AR LT ). B4R, 2021,
hanced by exogenous trehalose in C,-PEPC rice[J]. Chinese 47(5): 894-903.
Bulletin of Botany, 2021, 56(3): 296-314. YAOJ Y, YU]J X, WANG Z Q. et al. Response of endoge-
Lol e, b 5, o fd, &, SR SR T s A nous brassinosteroids to nitrogen rates and its regulatory
SAEEMMIEEEMI] WHRRILF, 2017, 45(21): 143- effect on spikelet degeneration in rice[J]. Acta Agronomica
146. Sinica , 2021, 47(5): 894-903.
PANG CP, YE L, MA ], et al. Regulation of trehalose on (18] ®i I, WEBL, FHE. 4. ZR00 e i 5 Ui 3 kAL A
photosynthesis of tomato seedling leaves at high temperature R =g m (], HEBEHEK =M. 2021, 40(4) . 45-51.
[J]. Jiangsu Agricultural Sciences, 2017, 45(21); 143-146. ZHEN B, GUO R Q, ZHOU X G, et al. The effects of
[10] W-EFH, K&, £ RE, & T 20N SNE G 530X thermal and waterlogging stresses at booting stage on photo-
ERGWE AN Em )] EKE2, 2020, 28(3): synthesis and yield of rice[ J]. Journal of Irrigation and
80-86. Drainage, 2021, 40(4): 45-51.
YE Y X, LUD L, WANG F B, et al. Effects of exogenous (197 ZET05f, kil Mplele, % REgoRm FoOtE %S
trehalose on physiological characteristics in waxy maize seed- et EHFmr X R[] ZBR¥M, 2022, 36(12): 2 519-
lings under drought stress[ J]. Journal of Maize Sciences , 2 527.
2020, 28(3): 80-86. LIF Z, ZHANG HS, YANG T T, et al. Relationship be-
(117 Z=fegg, wieug, 2 &, & BEfix§ C, B PEPC K7 tween fluorescence parameters and chlorophyll content in

Fy 5 & B R R (1], R A, 2021, 35(12):
2 879-2 892.

LIJ X, XIE Y F, LI X, et al. Effects of trehalose on seed
germination of C,;-PEPC transgenic rice for drought tolerance

[J]. Journal of Nuclear Agricultural Sciences, 2021, 35
(12). 2 879-2 892.

[20]

soybean leaves at pod filling stage[ ]J]. Jowrnal of Nuclear
Agricultural Sciences, 2022, 36(12): 2 519-2 527.

GUJJAR R S, BANYEN P, CHUEKONG W, et al. A syn-
thetic cytokinin improves photosynthesis in rice under
drought stress by modulating the abundance of proteins relat-

ed to stomatal conductance, chlorophyll contents, and rubi-



4 1

W M8, A5 AM U B X R L 30 RS A KR R A VR T 7 R Y R T 637

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

sco activity [ ] ].  Plants ( Basel, Switzerland), 2020, 9
(9): E1106.

SHAHBAZ M, ABID A, MASOOD A, et al. Foliar-applied
trehalose modulates growth, mineral nutrition, photosyn-
thetic ability, and oxidative defense system of rice (Oryza sa-
tiva L.) under saline stress[]J]. Journal of Plant Nutrition ,
2017, 40(4): 584-599.

ZHAO D Q, LIT T, HAO ZJ, et al. Exogenous trehalose
confers high temperature stress tolerance to herbaceous peony
by enhancing antioxidant systems, activating photosynthesis,
and protecting cell structure[ J]. Cell Stress and Chaperones ,
2019, 24(1): 247-257.

R, R, 0 F, % ELRE SRR LR
Ca B iy 228 % o wh v 4B 3o N7 R AE LT ], v b A 4 % 4R
2022, 42(7): 1 198-1 207.

ZHANG L Q, ZHU M T, PENG Y, et al. Removal rate of
benzo[ a]pyrene from soil and characteristics of leaf physio-
logical response by ophiopogon japonicus and carex brevicul-
mis[J]. Acta Botanica Boreali-Occidentalia Sinica, 2022,
42(7): 1 198-1 207.

BAMAGOOS A, ALHARBY H. FAHAD S. Biochar cou-
pling with phosphorus fertilization modifies antioxidant activi-
ty. osmolyte accumulation and reactive oxygen species syn-
thesis in the leaves and xylem sap of rice cultivars under high-
temperature stress[J]. Physiology and Molecular Biology
of Plants, 2021, 27(9): 2 083-2 100.
YANG X J, CHEN Y Q. HU Z C, et al. Alginate oligosac-
charides alleviate the damage of rice leaves caused by acid rain
and high temperature[ J]. Agronomy, 2021, 11(3): 500
MARQUEZ M ], DAVIDE R, SONIA B. Structural and vi-
brational characterization of anhydrous and dihydrated species
of trehalose based on the FTIR and FTRaman spectra and
DFT calculations[J]. Journal of King Saud University-Sci-
ence s, 2018, 30(2) . 229-249.

GOMEZ L D, GILDAY A, FEIL R, e al. AtTPS, -media-
ted trehalose 6-phosphate synthesis is essential for embryo-
genic and vegetative growth and responsiveness to ABA in
germinating seeds and stomatal guard cells[J]. The Plant
Journal » 2010, 64(1). 1-13.

BRUMFIEL G. Cell biology: Just add water[J]. Nature.
2004, 428(6 978) . 14-15.

R, BBE, B B, . SME SNP X R E T RS
miﬁ&?}iﬂ%%?ﬁ‘f’#ﬂ‘]ﬁéﬂﬁﬂ[ﬂ. LA R, 2022, 42
(6): 994-1 002.

[30]

[31]

[32]

[33]

[34]

LISY, CHENG D H, YAN X, et al. Effect of exogenous
SNP on the growth and antioxidant enzyme activities in melon

seedlings under salt stress[ J]. Acta Botanica Boreali-Occi-

dentalia Sinica , 2022, 42(6): 994-1 002.
W4, 25FAn, HAUR, 2. EiRMa xR 6 5 sk
A AR R [T R EARAE RS, 2009, 30(1) : 84-87.

XIE X J, LI BB, SHEN S H, et al. Influence of high tem-

perature stress on some physiological characteristics of flag

leaves of rice variety ‘Yangdao 6’ [J]. Chinese Journal of

Agrometeorology » 2009, 30(1); 84-87.

o, B, mWA, S SN S TR R N

A 4 i NG S WAL R R )], ZRAEY R, 2016, 36(7) .

925-932.

WANG D, LUO Y, GAO Y M, et al. Effects of exogenous

trehalose on the membrane lipid peroxidation in wheat seed-

lings under heat stress[J]. Jowrnal of Triticeae Crops,

2016, 36(7): 925-932.

RA4, & M, 78R, 5. KR & A E K BR

I B 301 o O PO R 22 S [0 ). P K RS R4, 2021, 35(2)

177-186.

SONG Y J, WUC, LIZY, et al. Differential responses of

grain yields to high temperature in different stages of repro-

ductive growth in rice[J]. Chinese Journal of Rice Science,

2021, 35(2): 177-186.

’r/fj%:%f MR #%. BRJE . S5 BV RN KRR R R 30 T
38R0 B0 AR [T, AR K R, 2021, 36 (3D

185-194.

YANG Y Y, CHEN X, CHEN Q Z, et al. Priming effects of

abscisic acid on high temperature stress tolerance in rice at

seed germination stage[ ]J]. Acta Agriculturae Boreali-Sini-

cas 2021, 36(3): 185-194.
MRSCHE. akagag, A R, . TR R IR s e AR B
AN R X FWLI/OL]. K™%, 2022, 1-11.

[2022-09-15]. https://kns. cnki. net/kems/detail/31. 1283.
S.20220914. 1111. 004. html.

CHEN W K, ZHANG Y Y, LU J, et al. Effects of trehalose
on the physiological parameters and gene expression of high-
temperature stressed Gracilariopsis lemaneiformis [ J/OL].
Jowrnal of Fisheries of China, 2022: 1-11. (2022-09-15).
https://kns. cnki. net/kems/detail /31. 1283. S. 20220914.

1111. 004. html.

(8. ETIL)



