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Abstract: High temperatures are detrimental to the growth and development of early rice, particularly during the grain-filling stage.
However, the specific responses to varying high temperatures and the related underlying mechanisms as well as the criteria for high-
temperature stress in early rice remain unclear. In this study, the dominant rice variety in Hunan Province ‘Xiangzaoxian 45’ was used
to investigate these aspects. Potted rice plants at the grain-filling stage were subjected to different high-temperature treatments in arti-
ficial climate chambers. The experiment was conducted in two phases, each with three temperature treatments ranging from 35 °C to
42 °C and lasting for four different durations: 3, 5, 7 and 10 days. The first phase (35, 38 and 40 °C) lasted from June 22 to
July 1, 2023, while the second phase (37, 39 and 42 °C) lasted from July 2 to July 11, 2023. Each temperature treatment was applied
daily from 12:00 to 17:00 under natural sunlight and controlled relative humidity of 80%. After treatment, the climate chambers were
ventilated to ensure air circulation. At the end of each treatment cycle, the rice plants were returned to the field to grow naturally. Rice
plants grown in the field during the same period served as the control group. The effects of high temperatures on the photosynthetic
parameters, chlorophyll content, yield components, and grain quality of early rice were investigated, and the mechanism and grading
index of high-temperature stress were anaylsed. The accuracy of the grading index was verified using meteorological and disaster data
from typical years and planting counties. High temperatures resulted in decreases in the chlorophyll content, net photosynthetic rate,
transpiration rate, and stomatal conductance of flag leaves as well as 1000-grain weight and yield, and an increase in the blighted-
grain rate compared with the respective results of the control group. These variations were proportional to the temperature intensity
and duration. Furthermore, high-temperature treatments led to decreases in the milled rice and head milled rice rates and amylose con-
tent but an increase in the chalky grain rate, chalkiness and protein content. The starch viscosity characteristics (Rapid Visco Analys-
er profile) of early rice were also altered under different high-temperature theatments. The following grading index for high-temperat-
ure stress in early rice was established: a daily maximum temperature (7,,,,) < 35 °C indicates no high-temperature stress; 35 << T, <
37 °C and the number of consecutive days (D,) < 3 d indicate no stress; 35 < 7,,,, <37 CwithD, = 3dor37 < 7,, <38 C with3 <
D, < 6 d represents mild stress, corresponding to 0 < accumulated hot damaging temperature (H,) < 11 “C-d and 0 < decrease amp-
litude of rice yield (Y,) < 10%; 37 < T, <38 C with D, = 6 d or T, = 38 °C with 3 < D, <6 d represents moderate stress, cor-
responding to 11 < H, < 22 °C-d and 10% < Y; < 20%; and T,,, = 38 °C with D, = 6 d represents severe stress, corresponding to
H,> 22 °C-d and Y, > 20%. Verification using data from typical years and counties revealed an index accuracy of 85.45%. This sug-
gests that a daily maximum temperature of 35 °C or higher for three consecutive days can inhibit photosynthetic performance, affect
yield and quality formation, and cause high-temperature stress. We established a grading index for high-temperature stress in early
rice on the basis of the daily maximum temperature and number of consecutive days of stress. This index divides stress into none,
mild, moderate, and severe categories, with corresponding ranges for accumulated hot damaging temperature and decreased amp-
litude of rice yield. With this disaster index for early rice, predicting the level of high-temperature stress would be possible. These
findings provide a scientific basis for monitoring and evaluating high-temperature stress in early rice, which could aid in reducing ag-

ricultural disasters and improving agricultural efficiency.

Keywords: early rice; grain-filling stage; high temperature; photosynthesis rate; yield; quality; disaster index
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Temperature changes of climate rooms and environment (CK) every day (12:00—17:00) during high-temperature treatment

period (A: phase | , sowing on March 25; B: phase I, sowing on April 15)
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IRBAE T IR M BT 100 m PN A E R SGMG . The temperature data were retrieved from a national meteorological observation station with-

in 100 m near the experimental field.
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Fig. 2 Changes in air temperature during the rice growing season under natural conditions (March 25 to July 29, 2023)
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Table 1 Effects of different high-temperature treatments on the chlorophyll content of the flag leaves of early rice

Kb PR Treatment 4% Z & & Chlorophyll content (SPAD value) 5 CROM H P K
1] Phase TR IS TN AL FETT 4R 5 R EX Days after high-temperature treatment /d Average decrease amplitude
Teml/) :a(r:ature Dur/'c(ljnon 5 15 20 compared to CK /%
1 CK 48.58+1.53a 47.44+1.39a 42.86+1.12a 35.91+1.12a
(37125 R i) 35 3 4823+153ab  4641£0.59%b  37.71£1.07b  2647+1.66b 10.300.63"
(Sowingp(})]zslf/lilrch 25) 5 47.83+1.48ab 45.50+1.29b 36.68+1.27b 26.19+0.23b 1 1.78i0‘54:
7 45.39+1.20b 35.80+1.12bc 26.05+1.22b 16.08+0.97
10 45.08+1.00bc 35.31+1.24¢ 25.77+1.18b 16.94+0.70
38 3 46.86+1.31bc 44.15+0.38bcd  36.63+0.35b 26.18+1.17b 13.02+0.63"
5 45.69+1.49¢ 43.33+1.09de 32.96+1.25d 24.40+0.92¢ 17.45+0.79°
7 42.50+1.49¢ 32.28+1.15d 24.344+1.03¢ 22.44+1.07
10 42.43+0.40¢ 32.01+0.71d 23.87+0.63¢ 23.14+1.02°
40 3 46.17£1.55¢ 43.91+0.55¢d 35.93+0.53bc 25.91+0.24b 14.10+0.60°
5 45.60+1.46¢ 43.27+1.04de 32.52+0.86d 24.33+0.64c 17.8240.76
7 42.43+1.48¢ 31.33+1.18d 24.22+1.06¢ 23.34+1.13"
10 42.34+0.98¢ 31.01+0.96d 23.60+0.60c 24.23+0.82"
1 1 CK 46.19+1.52a 43.77+1.34a 39.07+1.12a 34.87+1.12a

(4115 F i) 37 3 4533+150ab  41.53£127b  3749+1.16b  32.76+1.14b 4264023
(SOWi:ghzileA[:)ril 15) 5 45.02+1.34ab 40.99+1.24bc 37.33+0.67b 32.25+1.19b 5.21+0. 12:
7 40.33+1.35bc 36.79+0.43bc 30.03%1.12c¢d 9.19+0.44
10 39.95+1.26¢d 36.35+0.59bcd  29.67+1.18cde 10.20+0.41°
39 3 44.85+1.36ab 41.05+1.27bc 36.93+1.02bc 32.41+0.94b 5.41%0.15
5 44.63+0.86b 40.95+0.98bc 36.05+0.90cd 31.984+0.62b 6.45+0.21"
7 39.89+1.33cd 35.71+0.77cde 29.16+1.23def 11.28+0.55
10 39.87+1.21cd 35.54+0.39de 28.90+1.19ef 11.69+0.41
42 3 44.30+1.35b 40.65+1.11bc 36.60+0.69bcd  30.48+1.13c 7.53+0.34"
5 44.20+0.77b 40.54+1.32bc 35.33+0.74de 29.83+1.12cde 8.92+0.33"
7 39.77+0.68cd 34.86+1.36ef 28.86+1.25¢ef 12.38+0.61"
10 38.76+0.91d 33.73+1.39F 28.15+1.05F 14.79+0.24°

[ RIS ]/ ING St s [ AN ) Ak B ] 2 53 Wl 2 (P<0.05) . * 3R/ % BRAH LL 22 57 1. 35 (P<0.05) 5 CKAH LU R Ay g TRAL BEAR5 . 10, 15
FN20K [ IR AYF-Y{E . Different lowercase letters in the same column in the same phase indicate significant differences among different treatments in the same
phase (P<0.05). * indicates significant difference from CK (P<0.05). Average decrease amplitude compared to CK is the average value of decrease amplitudes at

day 5, 10, 15 and 20 of high-temperature treatment.

REFRE P, 43 52 B 27.66% . 34.06% Fl1 37.26%,
Z 5 ¥ EE (P<0.05); 55 1 37, 39 fil 42 «C &b 3
By P, - 2 B 8 3 51 h 16.96% . 23.05% Fil 28.42%,
SR E (P<0.05). [F—ET, P, (V-2 i b
PR RS KB TR . 5 CKAHEG, 585 T WM
WS 3. 5. 7H1 10 dALHR G P, ¥ 43 B AR
23.21%. 29.45%. 37.18% Hl 42.15%, 2% S 14 i &
(P<0.05); 25 T 40 F RS2 3. 5. 7 #0110 d 43 (K P,
SRR IR 12.65% . 17.71%. 27.35% H133.51%,
2 R 53 (P<0.05) (] 3).
23 ARESBRAENREZERRAZE
H % 3 0l AL w7 RS RIE N, 5 CK
L, AL B T R RRL A . S50 . TRL
. R AR S EE T R E M R E R R
o TR, fm TR R BRI
FL RSB L, TRIE . . e/ BT

Wy Jo B AR AR A, LA SR B MR R . [A)— R Ak
BER, 7 a0 SF- X I e I B T I . 55 T
[ 35, 38 F140 C AbFR ™ & 53 5 F-HIREAK 16.72% .
21.64% Fl 26.36%, % 51 ik 3 (P<0.05); 55 1111 37,
39 Fll 42 °C 4b 38 77 f o 4 B R 2 R 11.67%.
13.47% F1 22.46%, 253 .3 (P<0.05). 5 CK #HlL,
() — 30 BT, 7 114 - 359 648 Wt o = 30 A 25 DR ) 34
hnm . 51 Wi AEsL 3. 5. 7H 10 d AR BRI
7 OF B4 ) B R 17.86% . 20.03%. 22.96% Al
25.45%, 2254 3 (P<0.05); 55 I WIAb B s vl 548 3
5. 7 F0 10 d Ak 3R 5T ) R 53 0 R 10.15%
15.05%. 17.12% F1 21.15%, 22 553 i 2 (P<0.05).
G546 e A BT 7 R AR Ak, W25 AR
I #1356 35 °C A3 A B A v T8 A 3 R A ) A
£, 38 140 °C AT A Ab B A IE TR B A X 0 o 465 1
Wi 37 °C-3 d FI 37 C-5 d Ak B AY P AR R RE A
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i Temperature /C

The decrease amplitude is the average value of decrease amplitudes at day 5, 10, 15 and 20 of high-temperature treatment.

3 AEHBAETEROMALEERMNMEIEA: | 81,3 A 25 B#E#; B: || #3,4 A 15 B#E#
Fig. 3 Decrease amplitudes of net photosynthesis rate of flag leaves of early rice under different high-temperature treatments
(A: phase I , sowing on March 25; B: phase Il , sowing on April 15)

Table 3  Effects of different high-temperature treatments on the yield components of early rice

®3 TESRAENRE~SHABIZN

15 F1 20 KFEIE 1 F-39{E . * indicates significant difference from CK (P<0.05).

AL Treatment N e . ‘ 774 Yield R LT
BE  BEEH HRR L ZhER L THRE . WiE P
1] Phase i< F Grain number Seed-set Blighted-grain ~ 1000-grain Decrease .
Temperature  Duration e panicle rate /% rate /% weight /g Value amplitude Yield / above-ground
/°C /d /(g-plant ™) % dry matter mass
1 CK 100.38+3.29a  92.01+1.76a 1.87+0.11g  26.18+0.15a  30.55+0.63a 2.40+0.07a
(311250 35 3 100.11£3.06a  88.28+1.77bcd  2.00+0.08f  25.99+0.42ab 26.09+0.53b  14.60+0.58°  238:0.06a
ljfj:::)l 5 96.09+3.07abc  90.45+0.61ab 2.01£0.17f  25.35£0.10abc 25.78+0.50bc  15.62+0.62" 2.35+0.09a
(sowing on 7 94.85+1.68bcd 89.39+2.14abc  2.10£0.12¢  25.20:046bc 24.95:031cd 1832:0.73  2.25:0.02bc
March 25) 10 98.16x3.21ab 88.02#2.44bcd  2.11x0.17¢  25.14x0.42bc  24.94+0.97cd  18.36+0.73" 2.23+0.06bc
38 3 94.51+3.05bcd 87.47£1.04bcd  2.05:0.10ef  25.43+0.42abc 25.10£0.35bcd 17.83+0.71" 2.31+0.06ab
5 94.45+279bcd 88.98+2.70abed 2.11x0.11e  25.24x021bc  24.63+0.37cd 19.37+0.77" 2.20+0.06cd
7 97.28+3.17ab  87.53+1.22bed  2.41£0.05¢  25.14+0.20bc  23.07+0.07ef 24.49+0.98" 2.17+0.06cde
10 95.93+2.17abc 87.54+1.94bcd  2.44+0.28bc  25.11£0.19c  22.95+0.73ef 24.86+0.99" 2.09+0.04ef
40 3 91.33+1.87d  89.04+230abcd 2.24+0.07d  25.42+0.11abc 24.09+0.73de 21.14+0.85 2.12+0.09def
5 91.46+1.94cd  86.92+2.66cd 2.39+0.08c  25.21+0.24bc  22.88+0.51lef 25.11+1.00" 2.10+0.05ef
7 91.94+2.47cd  85.92+2.06d 2.53+0.23ab  25.10:0.36c  22.59+0.84f  26.06+1.04" 2.07+0.08f
10 90.60+1.94d  85.70+1.49d 2.55£0.20a  25.06+0.09c  20.43+0.49g 33.14+1.33 1.94+0.02g
IR0 CK 83.95£2.03a  90.72+1.06a 0.72+0.02g  25.84+0.55a  26.68+0.75a 2.04+0.05a
@151 37 3 83.08£2.06ab 89.72+1.14a  0.76:0.03f 25.19£0.02ab 25.30:0.48b  5.18£021°  1.94x0.05b
Pl:'ffjj)ﬂ 5 80.62+2.60bc  88.82+2.13ab 0.80£0.07¢  25.12£0.59ab 23.52:036c  11.85+0.47" 1.90+0.05b
(sowing on 7 83.80+2.36a  88.35tl.4labc  0.82£0.06c  25.10£0.18ab 23.16£0.15cd 13.1920.53°  1.88+0.07bc
April 15) 10 79.59+2.47c  86.16£1.56bcd  0.94+0.06b  24.89+0.40b  22.29:0.50c  16.46+0.66" 1.82+0.07cd
39 3 80.44x124bc  88.01x0.48abcd 0.80+0.0lc  24.93x0.52b  24.0020.30c  10.04+0.40° 1.91+0.03b
5 79.18+2.23¢c  85.43+2.51cd 0.82+0.08¢  24.88+0.33b  23.50+0.67cd 11.91+0.48" 1.87+0.08bc
7 80.94+2.15abc 84.75+2.16d 0.87+0.05d  24.65+0.67bc  22.61+0.39de 15.24+0.61° 1.79+0.05d
10 82.21£1.69abc 85.52+2.14cd 0.98+0.09b  24.55£033bc 22.22+0.62¢  16.71£0.67 1.78+0.04de
42 3 82.06+2.22abc  80.23+2.70e 0.91+0.09c  24.90+0.38b  22.61+0.23de  15.24+0.61" 1.82+0.05¢cd
5 82.60+2.03abc  80.79+2.19¢ 0.96+0.08b  24.76+0.08bc 20.98+0.33f  21.38+0.86" 1.81+0.04cd
7 83.53+2.67a  80.97+2.33e 1.05£0.03a  23.95£0.45cd  20.56+0.18f  22.95+0.92° 1.71£0.07e
10 83.61£2.23a  79.81+2.67¢ 1.04+0.02a  23.33+0.72d  18.60+0.42g 30.29+1.21° 1.55+0.06f

R R BN ) /N Sk s R AN [ Ak B ) 2 57 . 35 (P<<0.05) 0 7R ST HRAH LL 22 53 (.35 (P<0.05) 0 7 LA MELRR L 48 AR i) 22 AR — 28

MRS R TH A BT Y S ARG ZEF . R A FAYE . Different lowercase letters in the same column in the same phase indicate
significant differences among different treatments in the same phase (P<0.05). * indicates significant difference from CK (P<0.05). The yield was calculated
based on the rice yield of primary and secondary stems marked by the red rope of each plant. The total above-ground dry matter mass includes the weight of
stems, leaves and seeds.
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e, HA b B AR AR X BT BARE, iR R E RS TR R B
2.4 A[E ST AL IR X FE K fR T HY R0 M 57 5 (P<0.05), TR e, RBOBU, 5210 i

HIZE 4 FIE 4 AR, WA T RARDR A IO A R MR FRIR TRER R | ORPRR | O OR R A

x4 AEHBLEIRREREXGRROZN

Table 4 Effects of different high-temperature treatments on the grain quality of early rice %
WRTCmN gk mkR gEkR RERE R R AT
1] Phase i LEEN Brown rice Milled rice  Head milled rice  Chalky grain JEQTE Amylose Protein
Temperature  Duration rate rate rate rate Chalkiness content content
/C /d
114 CK 80.77+0.19a  68.69+0.39a 57.32+0.12a 17.89+0.51g 5.79+40.36g  14.25+0.31a 6.51+0.14f
(BH25 H#EF) 35 3 80.67+0.28a 68.65+0.21a 56.35+1.11abc  21.06+0.24f 7.04+0.08f 14.18+0.18a 6.93+0.10e
Phase | 5 80.7240.12a 68.40+1.11a  56.1740.35abc  21.1140.42f  7.46+0.35f 14.01£0.36ab  7.07+0.06cde
(;f:rvclﬁgzz? 7 80.67+0.0la 68.65+042a  56.58+0.44abc 2576+0.28¢  8.84+032d 13.58+0.37bd  7.37+0.01ab
10 80.52+0.24a 67.93+£0.16ab  55.07+0.04c 26.87+1.30d 8.98+0.37d  13.28+0.04c¢ 7.40£0.14ab
38 3 80.75+0.12a 68.21+£0.38ab  57.24+0.19a 24.47+0.61e 7.87£0.15¢  13.96+0.09ab  7.00+0.06de
5 80.74+0.12a 68.21+0.27ab  56.02+0.05abc  28.19+1.06d 8.74+0.14d  14.19+0.28a 7.21£0.04bcd
7 80.40+0.22a 67.13+0.31ab  55.59+0.04bc 30.74+0.76¢ 9.02+0.21d  13.30+0.56¢ 7.39+0.12ab
10 80.58+0.30a  66.38+0.61b 52.25+1.42¢ 36.06+£1.81b  11.18+0.21b  13.21+0.52¢ 7.53+£0.12a
40 3 80.55+0.25a 68.24+0.73ab  56.90+0.22ab 32.07+0.96¢ 9.47£0.04c  14.12+0.44a 7.28+0.12bcd
5 80.59+0.08a 67.48+0.12ab  55.37+0.14bc 37.20+£1.01b  11.48+0.50b  12.64+0.27d 7.38+0.09ab
7 80.21+0.12a 66.85+0.06ab  53.34+0.48de 39.01+0.03a 12.41+£0.27a  12.25+0.09d 7.40+0.14ab
10 80.03+0.16a 64.19+0.92¢ 47.68+1.50f 40.52+0.18a 12.7740.22a  12.20+0.27d 7.61+0.10a
1T 34 CK 80.87+0.10a  67.98+0.07a 52.56+0.44a 34.08+0.74h 10.18+0.09¢  13.85+0.03a 6.25+0.01e
(4H15H#Hh) 37 3 80.75+0.01a  67.90+0.22a 52.53+0.23a 35.21£1.66g  10.47+0.28f  13.7540.02ab  6.63+0.22d
Phase Il 5 80.70+0.04a 67.04£0.19ab 52.03:0.82a  38.40+1.31f 11.17+02le 13.63£0.49abc 7.05:0.01c
(i);:;?%;)n 7 80.74+0.14a 67.17+0.12ab  50.26+0.01b 40.55+1.31ef 11.96+0.44de 13.3940.54bcd 7.06+0.11c
10 80.70+0.02a  67.03+£0.03ab  49.50+0.50b 44.31£1.58¢  12.60+0.44cd 13.18+0.48cd  7.09+0.16¢
39 3 80.64+0.10a 67.92+0.16a 52.43+0.73a 35.2440.47g  10.55+0.16f  13.68+0.59ab  6.79+0.18d
5 80.65+0.09a 67.16+£0.20ab  52.32+0.20a 38.52+1.35f  11.25+£0.22¢  13.52+0.35abc  7.47+0.07b
7 80.13+0.43a  66.02+0.15bc  46.51+0.81c 49.48+0.71d  16.35£0.40b  13.31+0.28bcd 7.51+0.15b
10 80.31+0.27a 65.85+0.16bc  43.80+0.72d 51.19+0.46d  15.83+0.32b  13.03+0.20d 7.57+0.05b
42 3 80.69+0.07a 67.23+0.36ab  52.31+0.83a 41.67+0.13ef 13.46+£0.49¢  13.60+0.02abc  7.20+0.04c
5 80.82+0.17a 65.86+0.03bc  41.59+1.44d 64.56+1.61c  24.09+0.50a  13.41+0.23bcd 7.69+0.16b
7 79.60+0.27a 63.91+£0.06cd 33.51+0.68¢ 72.01+1.74b  29.40+0.47a  13.25+0.04cd  7.74+0.08b

10 79.09+0.57a  62.99+1.47d  25.14+1.48f 81.43+1.52a  36.14+0.58a  13.02+0.01d 8.05+0.10a

[RIMIFI B[R] /NG PR 3 (RIS [] b 1 A] 22 5 (i 35 (P<0.05) . Different lowercase letters in the same column in the same phase indicate significant
differences among different treatments in the same phase (P<0.05).

20 r 55+ *

A B ”
L@ ®) colETr R
% 16 1 a4l Duration /d
E o3
= L L oS5
g 12 33
2 * 87
5 8 2 * % o 10
2
a)
= o4t 1t
&

0 : ©0 : '

42
% Temperature /°C
* R 5 X} IR AR H 25 5 1.3 (P<0.05). * indicates significant difference from CK (P<0.05).
4 TREFRLETEBKENERA: | #1,3 B 25 BE#; B: | #1,4 B 15 BiE#™)

Fig. 4 Decrease amplitudes of head milled rice rate (A: phase I , sowing on March 25; B: phase Il , sowing on April 15) of early rice
under different high-temperature treatments
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90 AR RO 24k (R 3E3C) 2025

% 33%

e AR TR T TR AL B RS K R A SR R B
(P>0.05), XF THREKER, B ALY 38 C-10d.,
40 °C-7d. 40 °C-10d. 39 C-7d. 39 C-10d. 42 C-
5d. 42 °C-7d F142 C-10d (3 4)., XHEAE KR E
WA AL H A 35 C-10 d, 38 C-7d. 38 C-10d,
40 C-5d, 40 °C-7d. 40 C-10d. 37 C-7d. 37 C-
10d. 39°C-7d. 39°C-10d. 42°C-5d. 42°C-7d F142°C-
10 d (K] 4A Fl 4B). X EL8E UE By 7 2 52 ) o 3 1) ik
ik 35 °C-7d. 35 °C-10d. 38 C-7d. 38 C-10d.
40 C-5d. 40 °C-7d. 40 C-10d. 37 C-7d. 37 C-
10d. 39 C-7d. 39 C-10d. 42 C-5d, 42 C-7d
142 «C-10d,

TERY RVA 35 2 FFK 19— J0 55 22 4 i AP, RVA

J e ZR A I P R A e k2 B AR A AR
FITH VAR /N B 5, 45 AR RR I AR 1T, 5 S SR,
I IRFE I T VER RVA ERAE . 25 1 3189 38 C-10d

F40 C i b3, 55 T IRY 39 °C-10 d Fi1 42 °C T
A A4b B E By PKV, HDV., FLV fl BDV (PKV-
HDV) F %, SBV (FLV-PKV) | Jt, 2 0 7 #5 25 Vi 5
A2 55 T I 38 °C (3. 5 A1 7d) M35 C T F
AR BT IAY 39 °C (3. SR 7d) F1 37 °C Fr A kb
FEE Bk PKV. HDV. FLV #l BDV I F}, SBV T
K, R WIVER B RR I R AT
25 BERSEMEERIERRRIE

PR 25 1 36 % BEAE S T — A~ 36~37 °C 1Y &1 il
ARER, LS T 3095 Bk S Atk Xt B E— 25 o W e B, 5
1 30956 ™= i LSS T 300G B B 12.67% 0 A T 47 b
HEATTR — 20 RS, 55 11 01 4% v i A 3L 6% WE 3 1) &
B 12.67%. H T 77 s TR AT R 2K, MRas G AR
PAEACKERI (R 1. 2. 3. 4 MK 3, 4), K&
TRALEL AR 3 NEG (R 6). NEFATE M, 4t
T BOREEAR . R BRI R S
AHEAR ATVE R AN A R A R 24

®S5 TRESERAEMTERENEFHFE RVA L) SHZIG

Table 5 Effects of different high-temperature treatments on starch viscosity characteristic (RVA profile) parameters of rice

cP
ML Treaiment W E A e BT i Sk
11 Phase s EFN Peak viscosity Hold viscosity Final viscosity Breakdown value Setback value
Teml/’f(f ature D“‘;‘iﬁon (PKV) (HDV) (FLV) (PKV-HDV) (FLV-PKV)
I CK 3 710+21bc 1 995+18bc 3003434 1716+39¢ ~707£27d
(3125 Hi%F) 35 3 3 763+6ab 2 020+1abe 3055192 1743+8b ~708+13d
Phase | 5 3 749+49ab 2 003+32bc 3026245a 1 747+18b —724+5d
(sowing on March 25) 7 3 719+49abc 2001+36bc 3 006+14a 1719+155b —713+25d
10 3 760+1ab 2 039+69ab 3007+13a 1 721:£69b ~753+12¢
38 3 3 807+47ab 2 041£22ab 3 013+65a 1 766::69ab ~794:18ab
5 3 798+47ab 2060+57a 3010+84a 1 739£50b ~789+17b
7 3 820+4a 2 016+2abe 3 005+20a 1 805+6a ~815+24a
10 3 490+40de 1 990+10bc 2 909+22bc 1 500+30¢ ~582422¢
40 3 3 625435¢ 1 987+57bc 2 993+52ab 1638+91d ~632+6¢
5 3 521+43de 1973+35¢ 2 909:34bc 1 548+78¢ —612+17¢f
7 3 424423¢f 1914+26d 2 830+2¢ 151043¢ ~594421fg
10 3340+7f 19077d 2 824x1c¢ 1 4334F ~516:8h
1 3] CK 2 86045d 1437+18de 2 169+23cde 1423+23de ~691+28d
4H15H#EF) 37 3 3 389+23b 1 745+23abc 2 541+12ab 1 644+45ab —849:+25ab
Phase 1T 5 3 496+27a 1 816+43ab 2 6334452 1 68116ab ~863+18ab
(sowing on April 15) 7 3 537488a 1932+63a 2708+35a 1 60625bc ~829+7b
10 3 518+45a 1852451ab 2 636+39 1 666+36ab ~883=24ab
39 3 3 34449b 1 609+22¢d 2 409+23abed 173543 1a ~935+12a
5 3 072435¢ 1 563+24cd 2 339:+34bed 1509+11cd ~733+lcd
7 3 320+15b 1 688+36bc 2 489+42abc 1 63242 1abc ~831227b
10 2 565+92f 1 259:638ef 1972422¢ 1 307:6f ~593420¢
42 3 2708+1e 1336£17¢ 2 088+14de 1 372:+18ef —620+16e
5 2023+54g 915+32¢ 1513+41fg 1 108+23g ~510213f
7 2 107+20g 1 02127f 1 608+23f 1 086+47¢ —499420f
10 1 882+16h 824+18h 1 42510 1 058+34¢ —457£15f

[F139 RIS A ) NG Bk R [R) 3 AS ] A 4 ) 22 57 1 35 (P<0.05) . Different lowercase letters in the same column in the same phase indicate significant

differences among different treatments in the same phase (P<0.05).
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Table 6 Gradation and characteristic parameters screening of high-temperature stress of early rice
S A R H 0,
e _ YR MR Decrease axlnyplltude 1% _

Disaster grade H, /(°C-d) MR R HOLadR Jr R E R
Chlorophyll content Net photosynthesis rate Rice yield Head milled rice rate Chalky grain

B Mild 6.90 11.09 21.69 14.54 1.45 —26.09

H1JE Moderate 22.79 12.19 25.27 17.22 3.24 —44.94

T Severe 50.67 16.93 37.88 25.05 22.66 —105.13

H: AFERR, S Eiavin] B s <R s 1735 CHR I 2B

SRR A TRl — 9 FE 4y 2 R R [ g TR A B W Y - Y{EL. H,: accumulated hot

damage temperature, which is the accumulation of the daily maximum temperature above 35 °C during high temperature period. The decrease amplitude is the
average value of decrease amplitudes of different high-temperature treatments under the same disaster grade.

K5 s, A FH A (o) B80S, 7RI () BOK,
Wi 5 & nl 5 #2E y=0.55x+7.53 £ 75, R M 0.88
(P<0.01),

SO RS IRR S KB A E A
i, B — 20X PR R A AR R AR L 7. R
WBESE 3 d 1Y T, 20310 351, 36.2 F137.5 C, 1R
P22 7 B A5 R TC R 0 R I H S T A

50 ¢
40

30 r

3=0.55x+7.53

20 ¢ R>=0.88 (P<0.01)

Decrease amplitude of yield /%

=1
'
—_
(=]
T

PR RED

[=]

0 20 40 60 80
A7 F RN Accumulated hot damage temperature /(°C-d)

I i = O R — A2k /308 B < 100, 7 3 B g il O U] Y ey L
w T35 CHEB A R BUAE

CKx100. The accumulated hot damage temperature is the accumulation of

Decrease amplitude=(CK—treatment) /

daily maximum temperature above 35 °C during high temperature period.

Bs5 REFEREMEERANXR
Fig. 5 Relationship between decrease amplitude of rice yield
and accumulated hot damage temperature of early rice

Vo R e e R S A A g FH B KR SE PR A 7 R S
o, ARSORER T AT T AR A AL . B2, LA 35 C
FBIE, 5L T, =35 C RFEE B IR 7, =35 C
H D, =3 d, WA N2 08 B B A (140, idh
Ry 520, LA 37 C WA, %8 T, =37 C FF4L
HEL, Bt T, =37 °C H 3<D,<6 d F 51 A 4% B v L 4R
EF(AR), Tm=37 CH D,=6 dN " JE FHIRME
Q) iCHh R 5 =4, LA 38 °C HHMH, B T,,=
38 °C WFERL H B # T,..=38 °C H 3<D,<6 d ¥ 5
FHEEIRAE Q%), T..=38 C H D,=6d H 5
N JERRAE G R, iILh Ry UL, BB
E3AEEMELS R, Uk ESH N Z SRS
IRAESEY, BI: R=max (R, Ry, Ry). X HLAIA= {7y Fl i
RUGE SAT KOEIRARRE, & BUIR bR I IE Y & RN
85.45% (Fff 3= 1),
3 itig
3.1 ERESERETRRIE

TR KR P R R SR . IR T
BrEA . R Fis Kooy i Bz, 5k
TR HER] LS 12 A, JE 0 S EORPRER AN R, Bt 4
B, TORLEE A A . AR SO R B R
o A T B AR e R S KRR
&, BRAR T ORA TR BN TREA R, BRAR T Tk,
HE B0 0 T, X S A A" T s R —

x71 BRESERAREERER
Table 7 Grading index of high-temperature stress of early rice

HR TR ) FrEEREU(D,) A EBEAH,) PR (Yy)

LY
R Daily maximum temperature (7,,,) High temperature duration (D,) Accumulated hot damage temperature (#7,) Decrease amplitude of yield (¥,)

Disaster grade

/%C /d /(°C-d) 1%
2R Mild 35<T,,<37 D,=3 0<H, <11 0<Y,<10
37<T,.,<38 3<D,<6
1 Moderate 37<T,..<38 D,=6 11<H, <22 10<Y,<20
Tex =38 3<D,<6
¥ Severe T =38 D,=6 H>22 ¥,>20

TS AR SO H s SRR S R BN A & . A F AL B ™ SR 43 I3#E1 7 o The grading index of high-temperature stress of early

rice can be determined by the combination of daily maximum temperature and number of consecutive days, accumulated hot damage temperature and decrease

amplitude of yield, respectively.
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o AR & B, T 309 A 0 1R 30 A B A 5 R
T . IR — 228 T 3] 1 3 0 20
CFRTFAE T 26 11 K) 2 3 i) B 7 20 B (A
(29.78 °C) I H I = R 4 MH (33.46 C) K F55 T 41
f H P 20 B B E (30.17 °C) Al H i e i 4
(3431°C); —RA7TH1IHZETH 15 HAREEHFEHR
TR e R, ~F- Y43 5 31.74 1 35.70 G, K
7 H 6 HET7H 14 H s <N 36.00~37.40 C.
BEis, 55 T KRS AL 1 2% J5 0, 12 o B v i v HL 5
M) AN T 65 T B /K R Ak 8 S v i, 32 i R 1) s
MR

JKFEFFREJE AR 20 d S IR 52 A R K T 1) B
BB, R Tkl ok AR AR TR - i R 1R Al T
{161 B9 I A R R 1A e M P A A v 8
I AR R, R K SRR K SRR i ge
B, 85 6~20 d 7 40 °C & A PE 10 h X) 2 (k7
RN BE R K, BTG 11~15 d RHRE K SRS K
REGM R, AR5 & B, i e iRA B e T
oK e FORLZR A (2, BRAIG T RE K SRR K %,
SRR F R R, RS i R K, S e R
(F 4). UL, VIR S T 3 ARG TR R R AR
KA, BEINT N PURLAR RN R, S SORE R Y B K
JECRI AL BT AR 4 o 5 e R K BT R R AR £, B
P TE SRR SRR Ak, A0 . RS B I (A e
T ANy 2R ) SR R B R,
ARG 575 T AR K A it BT LRSS 1 00 22, 52 LA,
FIRE S T3 /K R SR v iy 0308 8 T R 1) 8 T R
o RIFFRPA FERR . LAE KRR
K KR 25 5L 550 AW A R, He AR o) g 5 il
ARl e R A NS ERA il A5 O

o R X B R R 1 R P R I S, AR
HEVE R O i LRI Y ELREVE M O i S R DR S 1
FRSGE, T 7E 0 i B VA i o B AR S
AR B, R AR T R R Y BB TR A
TR R, v T AR AR T R K AL, 1S T I O
{8, (HAE SR IRIAFAE 22 270 ARBFSE KB, 38 C (3.
5. 7Td)AbBE, 39 °C (3. 5. 7d) kLB, 35F137 C
ST A R BEE RS 0 10 AL L T, TR R, R R
T, X 5B AN 5 I e R -
P AR T 38 4% v (0 Tl TS 1, SO R K R R L
IS et e S e 118 =1 i) va o) A U N
A A A A A R R AN, B AR b v R R
TE A R I 1 — A TR 2 D A 55 1 R IR Ak PR
CBEAVR ek B it TN /4 8 R 800 T 980 A B I 7T i
SREAK AR B A O™ A, IR R K T

WA R (RVA 35 1952 5 & . AR5 A
TR FF ST ) S B A G o ARG b s S N T AR K
AR, XS A AR a5 R — 2, TR
TS RFPRL — R BRI AR, 3 T & A 2™,
32 REESEREZELRER
AR RN, MRS, G HERE . U R,
HORE K RN LR S, 5 AN E R TR PR A
RAEMRESE L AT X ERHES L, 454
2 PR R R B R S R] A AR S e TR LA
AFRAE AR L R B Y R, A R TR, o8
LA R EEHIER . H R (T, =35 C
ek 3 d oy DR R S IR A, AR i R 1 4
WFEFRN: 35<T,, <37 °C HFEFELERE(D,)=3d 5 37<
T,,<38 C H 3<D,<6 d J& i L I F, XTI 0<f H R
HO(HY)<11 C-d, 0%<™ & FF IH (Y)<10%; 37<
T,0<38 C H.D,=6d & T,,. =38 C H3d<D,<6 d J&
HEE L 11<H, <22 C-d, 10%<Y,<<20%; Tpo =38 C
H D,=6d WEEME, H>22 C-d, Y>20%., FKEK
W AT ARE (NY/T 2915—2016) ' v, FLFe = i i
P DL HE T TR 45 92 3R 5 0 R4S SR (0 43 He R/ kAT
XI5y, 4 ok ok T A (=95%). i AR (75%~
95%). HE&Y (55%~75%) . ATt #AHY (35%~55%) Fil
AT AT (<35%) 5 oo TLFGA M bnifE ( DB36/T
1758—2023 ) ™ v FLAE e i P E PEAN A44SRy 3 4
SRS, DAL i T R i k) o AR R R, LR
PEFRHOE A F BN AR R e R A T
POE B BGOEATMABOTAEAS R . B Z AR (GB/T
37744—2019) 7 rp, LR HE S e IR B E SR DA E
FUA L B E SR B HE A0, e AR TR R 2
B8] 3 AFE AR R o3k 3 28 S 9 SR Tk H AN
DA E A E 2 AR PR LR 43R 2 5 ) R
SRR I A A RN NP 7 B RS I ) 7 2
P 3 2 A b A 0 3 R R R A R (R 2R I )
FR R my R s R IE S B e bnh, Ri2k 3~5d
FURERR R L v R EE R R IR A 104 4 e ] A )
BB A 10~12, 5~9 Fil 2~4 d; $74E 6~8 d F75
BREE bR ER S I A e ] A D R A
11~18. 8~10 1 1~7 d; ¥F4>8 d % F . hEE M E R
I I S B 1) B 0 ) R AR S 5 12~180 8~11
F10~7 do ARBFFEH, FUR M il IAH SR bR, AU
GORNAAL T R R R EE A R RS I R, B ER G R
TAHERMAKELIRAER AT CEH, =85
J) 5O o (EAFE A, A ELE 3 d W T,
I35k 351, 36.2 F1 37.5 °C, AR 4 A BF 5% 15 2] ) &
GUARARICIE S ) R K F A . Sy T bk LA
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o e A S P b I FH B K A S B A 7 iR g5 R, BT
P TR . 55—, 4% T,.,.=35 °C A D,=
3dF PR A A TR EIRIAE (1 90); B,
B To=37 C H D,=6 dH| 5 Jy b B & i #40%
QG), BMBNE L H ;5 =20 % T,.=38 C
H 3d<D,<6 d HHIh R E iR AE 2 R), T,.=38 C
H D,=6 d F5| h 8 5w A E 3 9, & 2060w
B R AL 1 RIAT

AT G 0 7K e v Tk AR T A e b O ATV 4 K
R G M55 iy, 36 Tz d8 an e T 548 & iR
SIS A T FORS 20 IXURS: T (K], e & T RS IS
BERE, ATEFRLL 10% FI 20% Sy 77 B 451 2 At 1o {1
XS ET AR TTEE " FR, R e
Rt AL 7 A E R, B 0<H, <11 °C-d WiEEHE,
11<H, <22 C-d I EME, H>22 C-d WEEHRE.
X G E LA AT bR ME (NY/T 2915—2016) ' Hfg
EO0<H, <13 C-d WEE . 13 <H,<26 C-d N
I H>26°C-d S 5 RS A R, AT RE 5 A4S 100 2 B 1)
e PR LRI XSO R AT G o S S 50 3 i A ]
Fef it L R R P, S R O E R v U R
TR EFGRAE AR, T N 2R e IR B W T
i k%5
4 g

AR MR s o e s R S e 7R
i RS AL B, BRAR TR M RE; R I TR
AR AR T TR, dE RO 2 BE T, Ml
T B AR TR K RO KR, BN T 2 R R
TR, FEROR B OEK M S R AR S, H
B U =35 C 52 3 d SRR RDOL & e,
M) FRL R = i ML O B, 5k i A . AR SCEE A
e YN R ERES i 5 I R AT S N T D R
AR AR L 7 R T A RS, R A R Tk, oY
36T R IR A E S GTE bR, T8 bR I o R
85.45%. YL, ST Sy F A v AR W B4 A
b B U K SRR 2 S

SCHRAE D L RS JR B - http://www.ecoagri.
ac.cn/article/doi/10.12357/cjea.20240344
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