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Abstract: The production of Indica rice in China is facing severe challenges from biological and non-biological disasters such as

pests, diseases, and heat stress. There is an urgent need to explore elite Indica rice germplasm resources that can adapt to climate
E—EEFUIT W AR RGP VR 1 2 REPERIF 7L, E mail :1jj981643044@163.com; 4Lt Ay I [ 5 — 1

WEEHE: B, W5 R AKFEIL SRR 3R A48 5 G0 R, E-mail: hanlongzhi@caas.cn
R, W7 MK AGLE BRHLAE K 5 T ﬁﬂ: E-mail: guoxh1980@163.com
FETAE - [H 5 B R34 (32201765 ); F 5 5 45 0T & 1815 H (2021 YFD1200500); [ 42 Mk A2 e 8137 A2 5 H ;[ 5 /E 45t % 95 )% (NCGRC-2023-02)

Foundation projects: The National Natural Science Foundation of China (32201765); the National Key Research and Development Program of China

(2021YFD1200500); the CAAS Science and Technology Innovation Program; the National Crop Germplasm Resource Center (NCGRC-2023-02)



change for current and future rice breeding. In this study, 654 indica rice varieties of different periods from various southern provinces
of China were selected as experimental materials. The main agronomic traits were evaluated in four different environments, including
Nanning in Guangxi, Guiyang in Guizhou, Jingzhou in Hubei, and Hangzhou in Zhejiang. Additionally, heat tolerance at the seedling
stage was assessed in artificial climate incubator. The results showed that there were obvious phenotypic differences in these
agronomic traits in the different environments. The rice yield per plant in Jingzhou and Hangzhou with higher latitude and lower
altitude was higher than that in Guiyang and Nanning with lower latitude and higher altitude. The altitude of the Guiyang is
significantly higher than that of the other sites, and the summer temperature is lower than that of the other sites, therefore, compared to
the other sites, the seed setting rate, thousand grain weight, and grain width of rice have increased, while the plant height, panicle
length, panicle number per plant, and yield per plant have decreased. Under multiple environmental conditions, the phenotypic values
of panicle number per plant, panicle length, thousand grain weight, grain length, and grain width are relatively stable, followed by
heading days, plant height, seed setting rate, and yield per plant, while the stability of grain number per panicle is poorer. The stability
coefficients of heading days, plant height, seed setting rate, and yield per plant for Indica rice varieties in different periods decrease
with the increase of breeding periods, indicating that with the progress of periods, the ecological adaptability of the varieties gradually
tends to strengthen. The comparison of phenotypes of Indica rice varieties in different periods indicates that the phenotypic traits of
Indica rice varieties have been genetically improved overall towards larger panicle, more grain, longer grain, higher yield, and stronger
heat tolerance. The genetic relationship between the varieties in Periods Il (varieties developed before 1980) and Periods 111 (varieties
developed between 1980 and 1999) was relatively closer, followed by that between the varieties in Periods Il, Periods 111 and Periods |
(landraces), while that between the varieties in Periods IV (varieties developed after 2000) and other periods' were relatively further.
Thirty varieties such as Guihuazhan, Shangcun Zao, Huanan 15 and Ganzaoxian 45, were identified, which had better adaptability to
the multiple environments and could be used as parent materials for future rice breeding.
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Table 1 Environmental information of the 4 identification location
B Hf i (C) H ) BARIRE (1C) B (m)
Identification Location Average daily maximum temperature Average daily minimum temperature Altitude
T Nanning 27 18 100~150
StFH Guiyang 18 10 1100~1200
3H1 Jingzhou 22 12 20~50
#iJH Hangzhou 22 13 20~60
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Fig. 1 Schematic diagram of seedings withering degree
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Fig. 2 Comparison of phenotypic mean values for main agronomic traits of Indica rice under different environments
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Table 2 The mean stability coefficients, variation range and coefficient of variation of the main agronomic traits of Indica rice

under different environments

PR (VAL (el PrE2E A 5 i ABRRE (%)
Traits Mean Stability parameter Standard Deviation Variation Range Ccv
HECREL (d) HD 0.565 0.447 0.061~3.896 79.05
Fhis (cm) PH 0.786 0.393 0.052~2.805 49.94
K (cm) PL 0.374 0.179 0.039~1.159 47.72

FH PN 0.336 0.184 0.023~1.857 54.86



TR % GN 1.542 0.814 0.045~5.943 52.79

gE5 (%) SST 0.732 0.413 0.037~3.113 56.45
THE (g) TGW 0.328 0.218 0.037~2.147 66.49
FRkPEE (g) PY 0.713 0.415 0.000~2.743 58.23
ABHK (mm) GL 0.150 0.099 0.013~0.850 65.84
BHRLTE (mm) GW 0.118 0.059 0.015~0.720 50.05

HD: Heading days; PH: Plant height; PL: Panicle length; PN: Panicle number per plant; GN: Grain number per panicle; SST: Seed setting rate; TGW: Thousand
grain weight; PY: Yield per plant; GL: Grain length; GW: Grain width
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Table 3 Correlation between stability coefficients of main agronomic traits in Indica rice

P MK T ks EAPAE S THIE PR ARKRE BHLE

Stability parameter (SP) SpoH Pt PN Spon opssT SpTow oY SpoL Spow
of some traits
TR SR E R B SPHP 0.280% 0.148** 0.117* 0.132** 0.151** 0.168** 0.119* 0.097* 0.087
PR E R SPPH 0.198** 0.217** 0.221** 0.09 0.173** 0.200%* 0.05 0.095
R R 52 R % SPP- 0.101* 0.272** 0.08 0.129** 0.112* 0.102* 0.09
FHHORS s R SPPN 0.052 0.069 0.054 0.183** 0.062 0.119*
ok RS € 7 % SPON -0.002 0.194** 0.189** 0.077 0.190**
SES AR RAE BB SPSST 0.189** 0.113* 0.068 0.126*
TR E AR € R SPTOW 0.094 0.300%* 0.297**
bk B RS E R SPPY 0.063 0.116*
AR KA E # % SPet 0.166**

*RINTE p<0.05 7KF FAHREZE; **RIRE p<0.01 /KF BAHC R

* indicates a statistically significant correlation at the p < 0.05 level; ** indicates a statistically significant correlation at the p < 0.01 level.
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Table 4 Stability coefficients of main agronomic traits for Indica rice varieties under different environments

P A HERERRE RS R P PR BHTRATRE R R
Number Name of SP of HD Source | Number Name of SP of PY Source
germplasm germplasm
1 R 0.061 i 16 i 15 0.001 JUAR
2 EASR 0.069 AN 17 el 45 5 0.007 AN
3 K15 0.074 Wik 18 Wik 75 0.019 WL
4 SEYEH. 4 5 0.086 AN} 19 Mkl 32 5 0.048 AN
5 M 15 0.094 AR 20 /5 060 0.062 ek
6 TPHl 5 6 5 0.102 T 7R 21 T 0.070 2
7 J" 104 0.102 AR 22 LS 0.081 I
8 HA79317-4 0.105 Ui 23 HEH 9 0.082 T
9 SR 2 5 0.106 el 24 B2 5 0.087 At
10 AT 0.117 I 25 Wt 802 0.097 WL
1 LKA 0.134 el 26 LR 0.101 T %
12 BN/ 0.135 Il 27 N8 0.117 WL
13 HERA 2 5 0.139 i 28 “hE 0.130 T~ %
14 U 0.140 2 29 2k 232 0.132 LR
15 #hAl 156 0.144 95 30 HLHl 2430 0.146 2
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Fig. 3 Distribution of stability coefficients of agronomic traits under different environments
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Fig. 4 Comparison of stability coefficients for main agronomic traits among Indica rice varieties developed in different years
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Different lowercase letters indicate statistically significant differences at the p < 0.05 level., the upper dashed line represents the upper quartile, the middle
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dashed line represents the median, and the lower dashed line represents the lower quartile; The same as below
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Fig. 5 Comparison of main agronomic traits for Indica rice varieties under different years

Table 5 Phenotypic values of main agronomic traits for Indica rice varieties under different years

FAR hRERE() P (cm) K (cm) FEEL TR EL S5SL3(%) ThE() — FHTEQ) BRKmM)  BR5E(mm)
Years HD PH PL PN GN SST TGW PY GL GwW
I 81.9+10.01 124.9422.91 25.642.06 9.9+1.40 170.0433.71 83.444.64 26.142.58 24.843.66 8.340.81 3.040.25
I 82.1+15.19 107.7415.35 24.3+.79 9.6+1.26 175.3435.75 83.943.88 25.242.68 23.743.77 7.940.64 3.040.21
I 79.3+10.72 104.6414.75 24.742.46 9.6+1.28 186.7449.08 83.745.03 25.143.32 25.534.62 8.440.88 2.840.28
v 79.8+10.56 109.0+14.45 25.242.29 8.7+1.19 212.2445.63 84.343.90 24.533.77 25.543.68 8.840.84 2.7340.28
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Different lowercase letters indicate statistically significant differences at the p < 0.05 level, the upper dashed line represents the upper quartile, the middle dashed
line represents the median, and the lower dashed line represents the lower quartile.
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Fig. 6 Comparison of heat tolerance at the seedling stage for Indica rice varieties developed in different years
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Table 6 Comparison of phenotypic values of heat tolerance at the seedling stage for Indica rice varieties under different rice

growing regions

X L o g [l

Rice Growing Regions North China Central China South China Southwest China
Y AANE HTG 6.68+0.85 6.43+1.86 5.97+2.05 4.85+2.73
YW A7E 5 SSR(%) 34.79+13.97 35.83+26.09 41.52+27.63 57.54+33.05
4R FEKZ RCC(%) 69.38+7.176 70.23+15.24 67.64+16.30 54.06+21.82

HTG: Seedings withering degree under heat stress; SSR: Survival rateunder heat stress; RCC: Chlorophyll reduction rate under heat
stress.
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Fig. 7 Cluster analysis of Indica rice varieties
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Fig. 8 Cluster analysis of Indica rice varieties developed in different years
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