FEE YR IR 2025, 26 (3): 481-495
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20240602002

1775 Gy KRRl 5 D o SR PRt 4 2 FEPERESE

AR ERFLREA LT R FL,AEL, Bl ARY K &
(R LR BRI, 28 04 1361005 235048 FOV BHEBEAE M S IRI ST , 23 T 1361005
SR AR KA 2 BE L 254 271018)

FEE  RAGHF R R A RAG AR X B R FT Se APt B 00 2 a8 AT R RASH TR AR § AR M st 36 504G AP TR 09 3412
FEAAZTEER . AR ER S A 5M 7 k3 1775 K ASH TR 69 20 N E B R EMARIAT T 4 SRS, KT A
T F R R LR T R HEFRK,EE A 4.42% (5405 5 )~89.75%( ZA40) , ® B AA B F § ey %5844 %
AEMEFE 20 BACTE B A 1.585 (4 40)~2.069 (#0484, AR B LA B 15 69 AR, @it 11 A () AF 68 S a4 &
I, E B ARG AR B T AR B S E S S, = 5 R BRNERRFANER AR EEN S
ARk BT R R 6 AR 3 ANR B R F 00 S AR . AR B R R GG 0T K I, ooy se b e B e K AR 1L
AR BARF G SN, F A A TR AT OMERAARF TN SR, MEIHERA, 1490 M8 %
AHAFMEZ(P<0.0D) KT, P HAMFINAEFTHERE LR EHERMEARER S, RSV RIL, T 64K
D RBRTAREILT9.309%, 5 A F AKX G R TR FER K, BERESM, 17750 KBF BRI 2 mINER, L P A
Z B BALT Fadn N GO TP R A B, S AERY R A0 S5 AR I o SRR R HARSKF 10Nk e 1A S AR T, T AL S KA
TR R AN AT AL AR AR BUEBRE ST AR, AT LA R T RS LG (TR TRFLEX AR
i AL JG AR T AAGH R TR EAE R AR B FEER, FNEBOAT LA Fd L H R, LB RS K
BEA AR AR R T A4 JE KRGS R B AR E WA

KRR AKAG PR R RO AR AR S AR

Study on Important Agronomic Characters and Genetic
Diversity of 1775 Rice Germplasm Resources
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Abstract: Rice germplasm resources are important foundation for rice genetic improvement and new variety
breeding. The study of genetic diversity of rice germplasm resources plays an important role in broadening the
genetic background of rice. In this study, genetic diversity analysis of 20 important agronomic traits of 1775 rice
germplasm resources was carried out using multiple analysis methods. The results showed that the variation
coefficients of agronomic traits varied considerably, ranging from 4.42% (grain thickness) to 89.75% (empty
seed) , and empty seed had richer genetic variation. And the changes in the genetic diversity index ranged from
1.585 (empty seed)~2.069 (heading date), with richer diversity in heading date. Through the separate analysis
of germplasm from 11 provinces (cities) , it was found that the germplasm from Jilin province had richer

diversity in seven traits such as panicles per plant and spikelets per panicle;the germplasm from Yunnan province
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had richer diversity in four traits such as first heading date and panicle length; and the germplasm from
Heilongjiang province had richer diversity in three traits such as heading date. The results of different types of
germplasm showed that 11 traits were more abundant in landrace, such as flag leaf length and plant height; and
the 9 traits were more abundant in advanced cultivar, such as growth stage traits and panicles per plant . The
correlation analysis showed that 149 correlation coefficients reached the highly significant level (P<0.01) ,
among which three growth stage traits had highly correlated with other agronomic traits , for example first
heading date. Principal component analysis revealed that the first six principal components had a cumulative
contribution of 79.309% and the trait related to growth stage had the highest contribution. Through cluster
analysis, 1775 rice germplasm were classified into three clusters. The germplasm from the three northeastern
provinces as well as Beijing and Hangzhou was cluster 1. The germplasm in this cluster was richer in genetic
diversity for 10 traits, such as first heading date, tillering number, and panicles per plant, which can provide
excellent germplasm for innovation of rice germplasm resources and the selection and breeding of new varieties
in the future. Cluster Il contains only Ningxia germplasm, which indicates that the germplasm resources of
Ningxia are distantly related to those of other provinces (cities), and can play an important role in broadening
the genetic base of rice germplasm resources in the future. Cluster III contains Hebei, Shandong, Yunnan,

Jiangsu and Xinjiang germplasm. The genetic diversity of grain length in this cluster is more abundant, which

can provide abundant germplasm for rice quality breeding in the future.

Key words: rice; germplasm resources ; agronomic characters; genetic diversity
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Table 1 Information of rice germplasm resources
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4t Beijing 49 23 - 26 iL 7 Liaoning 477 - 58 419

#iH Hangzhou 28 28 - - T X Ningxia 94 - 10 84

T4t Hebei 25 - 18 7 1117% Shandong 24 - 19 5
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Fig.1 Temperature and precipitation during the growth and development of rice
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Table 2 Genetic diversity and variation analysis of 20 agronomic traits in tested materials

Pk M Wkl e A bz aREs (q) DTOHHE
Traits Min. Max. Range Mean SD cv h;j&
AT (d)FTHD 83.00 132.00 49.00 105.17 8.18 7.78 2.060
A (d)HD 86.00 140.00 54.00 107.93 8.63 7.99 2.069
FHEI(d)FHD 79.00 140.00 61.00 109.60 8.76 7.98 2.056
Gt (em)FLL 13.65 56.83 43.18 25.84 4.83 18.68 1.974
Gt 5% B (cm) FLW 0.85 2.38 1.53 1.37 0.17 12.22 1.965
S 5 Ll FLWR 8.50 37.11 28.61 19.15 451 23.57 2.053
Pk (em) PH 69.43 148.25 78.82 101.98 13.10 12.84 1.926
SYBESL TN 6.80 31.60 24.80 14.04 2.67 19.05 1.990
ik (em)PL 13.40 30.45 17.05 18.48 2.07 11.22 2.016
FHFIK (em)NL -3.35 34.95 38.30 7.16 2.76 38.50 1.963
AR E (mm)GL 5.51 9.90 4.40 6.85 0.49 7.20 2.019
AR5 (mm) GW 2.38 3.70 1.33 3.09 0.18 5.98 2.059
AR 58t GLWR 1.82 3.86 2.04 2.24 0.23 10.45 1.880
ARLEEEE (mm)GT 3.87 5.56 1.69 4.47 0.20 4.42 2.052
A% PP 8.15 20.85 12.70 11.59 1.48 12.75 2.044
TR %L SPP 58.25 277.45 219.20 134.53 29.60 22.00 2.041
%L ES 1.00 72.85 71.85 11.08 9.95 89.75 1.585
£552%.( % )SSR 53.12 99.06 45.94 91.99 0.06 6.79 1.698
HR i (g)GY 425 46.67 42.42 27.05 5.59 20.65 2.050
THHE(g) TGW 13.29 37.75 24.47 24.49 2.56 10.46 2.054

FIHD: First heading date; HD : Heading date; FHD: Full heading date; FLL: Flag leaf length; FLW : Flag leaf width; FLWR: Ratio of length to width
for flag; PH: Plant height; TN : Tillering number; PL : Panicle length; NL: Neck length; GL : Grain length; GW : Grain width; GLWR : Ratio of length to
width for grain; GT : Grain thickness; PP: Panicles per plant; SPP: Spikelets per panicle; ES: Empty seed; SSR: Seed setting rate; GY : Grain yield per

plant; TGW : Thousand-grain weight; The same as below
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Table 3 Analysis of growth stage traits of rice germplasm resources from 11 provinces  cities)

A (71 AEEHI(d) flRE (d)
Province(city) FIHD HD

FRERI(d) ARE-TRER R (d)
FHD FIHD-HD

AR AR (D)
FIHD-FHD

Jt3T Beijing 109.0+5.11¢

HeM Hangzhou 106.7+5.02%

iAlJt Hebei 106.0£6.70° 109.9+7.64°"
VL5 Jiangsu 117.8+7.36° 122.4+7.64°
T 5 Ningxia 103.8+3.79% 106.7+4.07'
11175 Shandong 114.5+7.25° 118.7+8.36

B Xinjiang 104.6+6.86°¢

2B Yunnan 116.7+5.62 121.245.59%
Sy VT Heilongjiang 94.2+5.10" 96.4+4.92"
TR Jilin 102.6+3.92¢ 105.9+4.17¢
il 7 Liaoning 110.4+4.52° 113.5+4.57¢

112.245.37%

110.4+5.13%

107.1+7.34¢¢

113.5+5.73% 3.241.530 4.5+].520de

111.2+5.67 3.7+£0.90°%" 4.5+1.20"

110.1£7.67% 3.9+42.12%% 4.1+1.27%%
123.4+7.83° 4.6+2.18 5.6+1.75%
107.9+4.13¢ 2.9+0.99° 3.8+1.08%
119.3+8.30° 4.2+226™ 4.8+1.96®
108.7+7.27'% 2.5+1.06%" 4.1+0.96%
122.5+6.42% 4.5+£1.66™ 5.842.29°
96.9+4.89" 2.2+1.08" 2.7+1.37°
106.6+4.38¢ 3.3+1.68° 4.0+2.27°
114.3+5.05° 3.1+1.17%¢ 3.9+1.17%¢

B G AR NG FREFOR AR IR R BT SEIRAE 5% K1 2255 8.3 TR
Different lowercase letters after the data indicate significant differences from the rice germplasm resources at the 5% level; FIHD-HD: First heading
date-Heading date; FIHD-FHD: First heading date-Full heading date ; The same as below
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Fig.2 Analysis of 20 important agronomic traits of germplasm resources from eleven provinces  cities)
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Table 4 Genetic diversity index of rice germplasm resources from 11 provinces ( cities)

PR = PIDIN Tk AR st MR Ak ur E[A B TH
Traits Yunnan  Jiangsu Hebei  Shandong Xinjiang Heilongjiang Jilin  Liaoning Beijing Hangzhou Ningxia
AR FIHD 2.065 1.953 1.826 1752 1.843 2.057 1.987  2.030 1.778 1.837 1.934
g HD 2.020 1.972 1.836 1.850 1.946 2.035 1.960  1.990 1.880 1.809 1.919
S+ FHD 1.929 1.981 1.860 1.784 1.996 1.957 1.947  1.992 1.786 1.926 1.844
Sn-K 2 FLL 1.833 1.933 1.992 1.831 1.855 1.919 1818 1815 1.989 2.011 1.997
S FEE FLW 1.904 1.867 1.477 1.676 1.990 1.889 2013 1.993 1.980 1.911 1.462
SIS FLWR - 2,011 1.781 2.034 1.812 1.703 2.041 2.028 1.976 1.865 1.761 1.892
¥kwr PH 1.983 1.946 1.844 1.657 1.992 2.007 2012 1.880 1.939 1.868 2.032
STEEE TN 2.027 1.761 1.968 1.897 2.022 1.944 1952 1.938 2.028 1.956 1.710
Hik PL 2.086 2.028 1.912 1.896 1.870 2.046 1984 2013 1.937 1.398 1.973
FEHK NL 1.887 1.899 1.881 1.886 1.848 1.981 2014 1853 1.781 1.986 1.661
RS GL 2.062 2.015 1.894 1.989 1.978 2.012 2037 1.962 1.796 1.520 1.925
BHRLTEE GW 2.105 1.932 1.857 1.889 2.044 2.088 1989  2.017 2.027 1.939 1.806
BRI TE GLWR 2,028 2.006 1.984 1.803 1.954 2.055 2019 2.044 1.969 1.999 2.039
LRI GT 1.930 1.800 1.755 1.733 1.818 1.946 2056  1.977 1733 1.507 2.010
HAAREL PP 2.033 1.864 1.921 1.810 2.011 2.035 2060  2.040 2.043 1.806 1.917
TR EL SPP 1.833 1.605 1.676 1.436 1.709 1.782 2073 1.871 1.853 1.386 1.867
z5kikl ES 2.039 1.999 1.957 1.664 1.852 2.027 2073 1.998 1.924 2.017 2.000
45295 SSR 1.970 1.651 1.968 1.830 1.810 2.017 2075 2.072 1.980 1.968 2.051
FRk R GY 1.636 1.924 1.387 1.534 1.733 1.547 1.746 1.562 1.837 1.351 1.899
TR TGW 1.851 1.809 1.722 1.490 1.909 1.723 1769  1.756 1.789 1.431 1.916

R5 FEAXEMREERZHERNESSTMEESHME
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Table S Genetic diversity and variation analysis of important agronomic traits in different germplasm types

SEH{E Mean BRZRE (%) CV e AR S H
[N BEFH SR BEFH SR P
. =] = i =] (=] z= i [=] =] '/\ i (=]
Traits L”,j # 7 i Advanced m.j # 7 i Advanced m_j 7 il Advanced
Lines Landrace . Lines Landrace . Lines Landrace .
cultivar cultivar cultivar

AU (d)FTHD 109.82 102.12 105.38 6.15 7.87 7.71 1.829 2.012 2.081
FhAEHI () HD 113.17 104.96 108.10 6.64 8.26 7.88 1.975 2.003 2.068
SR (d)FHD 114.59 106.52 109.80 6.58 7.82 7.95 1.881 2.016 2.061
B (em)FLL 24.83 30.49 2521 26.03 15.15 17.32 1.801 2.077 2.039
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F5(4)
SEHIE Mean BRFEE (%)CV L s H
ﬁ:ﬁs u%%‘ Ho7 A ﬁiij: uLh? o7 ah A iiij: .:%? H A iiijj
Lines Landrace cultivar Lines Landrace cultivar Lines Landrace cultivar
G152 (cm ) FLW 1.42 1.31 1.38 10.16 13.56 11.97 1.942 1.786 1.958
S 5l FLWR 17.70 23.60 18.56 29.85 18.42 22.12 1.625 2.068 2.033
Pk (em)PH 97.79 119.93 99.54 12.98 12.85 10.45 1.867 2.035 1.975
JYBERC TN 13.28 14.49 14.01 18.76 13.16 19.76 1.844 2.008 1.976
K (em)PL 18.25 19.93 18.27 10.36 10.67 10.88 1.983 2.038 2.010
B (cm)NL 6.34 8.20 7.05 39.01 42.08 37.12 2.014 1.929 1.959
AR B (mm)GL 6.85 6.94 6.84 8.01 9.41 6.75 1.899 1.966 1.943
AHLTEE (mm)GW 3.15 3.14 3.08 4.48 5.24 6.10 1.848 2.050 2.074
AR T8 GLWR 2.19 2.22 2.24 10.97 9.89 10.50 1.490 1.930 1.875
AR (mm) GT 4.51 4.53 4.46 433 6.10 4.08 2.048 2.024 2.074
AR PP 11.50 11.40 11.62 11.40 9.94 13.14 2.020 1.948 2.044
TR %L SPP 137.18 115.60 137.20 22.59 20.80 21.33 1.855 2.032 2.047
ZSRIEL ES 12.28 9.84 11.21 76.43 61.63 92.92 1.544 1.853 1.573
45923, (% )SSR 90.93 91.57 92.10 7.04 5.08 6.98 1.747 1.885 1.574
Mk 8 (g)GY 26.43 20.23 28.09 22.90 30.71 16.66 2.070 2.081 2.077
TR (g) TGW 24.39 25.15 24.40 12.51 13.17 9.79 1.998 2.043 2.024

2.2 KTEFRFIFEB XD

SRR SR A AH P B (R 3) 32,
20 AR MR AT Y 86 4~ 1EAH & R %L 63 AT AH &
FHAET 149 MO R EGA BN B KF Hid e
AH 2 ZR U KRR 0.983 , 1A 5¢ & $li K -0.002.
FHOGHR BE A i i MR G 0 il St &)
B G TE E AR R SRR SRR . G RE
TR R SRR = 3 B B S IR A DG, H =
LGB b SRR S 9 MR AR R A
K, 5 TR o BERAE S AN MR B AR 2 M
Ko BN HAth e 2R A AR B L v
MG B bk A BERU R 1 4E 10 MRIR
SR R A E, 5K TE b AR TE R R TR
H RN OO, S BER R B 3
AR Z B H A B 3 B A G, LR SRR 54k K
JiF ZE SR R Bk e A T AR S B R AR O,
55 RE T8 K T E AR M oG o B SR
SRR AR AR B H R s R BSEER S
WFIEAE, SRR 4580 I TR 45 6 MR
LA G RO G . AL KRR R IR 22 Il A DGR

FEREE AR RS LR 2%
2.3 KFEFMRETRERS

XF 1775 3 /K FE R 08 6 20 4R 2otk b 47 32
BAY AT (36 6) , BB AEAE>1 AT 6 4~ T2 sy, B
FHTTERZEIK 79.309% . 25 1 E 0 Tk R i K, H
23.729% , Forb G A AR K S AT )RR (B AR
A, BAESS | R i, U | £l 42
5 H WA S Bk . B 2 A Tk R
17.085% , S| 5 LU A AR (B A e, JL Uk R 8 it
JE L ULIAEE 2 s SR A e PR . 3
B A3 5k R 11.190% , He i A3 8 RS0 ) 9 A
SRR HU N 73 BEH, U B 2R 3 Al 5 = B AT G
AIPER . 5 4 32 4y BTk 10.058% , H i A kr
JEREFRAFAE IR, R AR SE 1, 55 5 35 i Bk
R 9.545% , Hop AR B HLIE ) REAF(EL I R, 4
7 e JE A7 1) RRAE LR K, DA IA 55 4 FNEE 5 3 s 38
FL WA R FEAFAE . 55 6 M STk R A 7.701%,
Herp s R B ) R AR AR A A, 445 S 7 ) R A1 {1 A
K UL SR 6 2 A SRR SR D 25 A R
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Fig.3 The correlation analysis of 20 agronomic traits in tested materials

®6 MBI 20N REWKHERS A

Table 6 Principal component analysis of 20 agronomic traits in tested materials

PR FHG1 B ) F 53 F 54 B F A6
Traits PC1 PC2 PC3 PC4 PC5 PC6
ATEH FIHD 0.151 -0.127 0.187 0.043 0.050 -0.178
HhBEH HD 0.151 -0.123 0.188 0.043 0.046 -0.184
F+ il FHD 0.151 -0.123 0.187 0.050 0.050 -0.181
&It JiF FLL 0.121 0.162 -0.011 -0.190 -0.098 -0.041
SNt 5E R FLW 0.029 -0.184 -0.197 0.037 -0.122 0.039
G- 5 F FLWR 0.083 0.217 0.102 -0.168 -0.015 -0.057
¥k PH 0.139 0.095 0.015 -0.141 -0.096 -0.053
JYBERCTN -0.065 0.130 0.202 -0.017 0.151 0.127
& PL 0.128 0.123 -0.091 -0.171 -0.031 0.022
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o6 (4)
EIN FHiGr 1 FEHGr2 FHiG3 FHisr4 FEHG5 FHisr6
Traits PC1 PC2 PC3 PC4 PC5 PC6
FESUK NL -0.003 0.055 -0.061 -0.233 -0.102 0.115
AR GL 0.116 0.090 -0.188 0.175 0.267 -0.003
BRITERE GW 0.013 0.097 0.118 0.271 -0.360 0.013
AR 58t GLWR 0.075 0.007 -0.212 -0.040 0.417 -0.005
BRLEEEE GT 0.106 0.137 -0.076 0.324 -0.012 -0.002
FREEL PP -0.094 0.101 0.232 0.055 0.188 0.151
Tk % SPP 0.066 -0.165 -0.153 -0.161 -0.133 0.159
z5hik ES 0.128 -0.054 0.042 0.039 -0.025 0.476
45528 SSR -0.126 0.015 -0.098 -0.079 -0.013 -0.457
Hpk i GY -0.062 -0.082 0.045 0.046 0.093 0.155
THhHE TGW 0.012 0.108 -0.220 0.270 -0.103 -0.059
FFHE{H Eigenvalue 4.746 3.417 2238 2.012 1.909 1.540
Ttk (%) Contribution rate 23.729 17.085 11.190 10.058 9.545 7.701
ZERTTHRF (% ) Cumulative contribution rate 23.729 40.815 52.005 62.062 71.607 79.309

PC: Principal component
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Fig. 4 Classification of rice germplasm resources
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Table 7 Genetic diversity and variation analysis of germplasm from 3 clusters

2T First cluster ZRFEIT Second cluster 2RI Third cluster
¢$;{ﬁ P — \%_'1 oy Py /T\\, \%_'1 oy B /T\\, \%_'1 oy
o A xij@ﬁt u’iif 48 A xio Téﬁt u’iif 48 A X(E% {)*ﬁl u’iif 48
Mean cy e Mean cy e Mean cy e

LA (d)FIHD 104.61 4.58 1.938 103.78 3.66 1.934 111.94 6.09 1.888
i (d)HD 107.31 4.53 1.935 106.69 3.89 1.919 115.65 6.34 1.925
FFHEMI (d)FHD 109.00 4.72 1.922 107.60 4.68 1.844 116.99 6.43 1.910
S (em)FLL 24.40 19.21 1.910 32.62 9.50 1.997 27.32 16.97 1.889
S FEE (cm) FLW 1.40 9.59 1.957 1.37 13.52 1.462 1.36 12.32 1.783
I B8 FLWR 17.68 22.39 1.934 24.12 12.48 1.892 20.46 21.62 1.868

P (em)PH 97.33 10.22 1.941 108.98 7.61 2.032 115.08 13.53 1.884
IYBERCTN 13.69 16.84 1.964 14.78 12.80 1710 13.78 19.70 1.935

F (em)PL 18.02 9.81 1.876 20.19 8.32 1.973 19.61 9.92 1.959
TR (em)NL 6.72 35.38 1.923 9.72 35.19 1.661 6.20 47.15 1.880
A (mm)GL 6.84 6.92 1.865 7.18 6.99 1.925 7.17 7.38 1.988
ARL5E BE (mm) GW 3.09 5.57 2.012 3.06 6.64 1.806 3.15 5.43 1.965
AR TE H GLWR 2.23 10.30 2.017 237 11.58 2.039 230 10.49 1.955
AR (mm)GT 4.47 3.85 1.844 4.56 4.21 2.010 4.63 4.24 1.807
HRAEEL PP 11.59 11.71 1.997 10.34 12.97 1.917 11.40 10.75 1.928
FERIEL SPP 135.23 18.71 1.793 157.74 25.30 1.867 125.94 26.09 1.652
23Rk ES 10.27 76.46 2.008 13.22 57.66 2.000 16.62 69.07 1.902
4559:3( % )SSR 93.00 5.39 2.022 91.71 4.42 2.051 87.18 8.76 1.846
bk it (g)GY 27.81 18.21 1.609 26.80 23.53 1.899 2241 22.90 1.643
TFHiE () TGW 24.75 9.25 1.693 26.28 10.04 1.916 24.13 13.72 1.756
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