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WHE: REHRTRAKAGRELR AN BALEE OFT A, FF KB R T REE S 46 SAGH TR 69 A2 FoAe
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Study on Important Agronomic Characters and Genetic Diversity of 1775

Rice Germplasm Resources
JIN Jinghual, LI Shufang?,ZHAO Yadong!, WANG Di*,ZHANG Yu!JIN Guoguang!,LI Henan®,
QUAN Chengzhe!, ZHANG Qiang!

(*Rice Research Institute, Jilin Academy of Agricultural Sciences, Gongzhuling 136100;2Crop Resources Institute, Jilin Academy of Agricultural Sciences,
Gongzhuling 136100;Institute of Plant Protection, Shandong Agricultural University, Taian,271018)

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 was conducted on 20 important agronomic traits of 1775 rice germplasm resources from 11 provinces (cities) using
multiple analysis methods. The results showed that: The coefficient of variation (CV) of agronomic traits varied greatly, with a ranging
from 4.42% (grain thickness) to 89.75% (number of empty grains), There was abundant genetic variation in empty grain number; The range
of genetic diversity index (H') was 1.585(number of empty grains) to 2.069(heading date), and the heading stage had rich diversity.
Through the analysis of agronomic characters of germplasm from 11 provinces (cities), There was rich diversity in 7 characters such as
panicle per plant and spikelets per panicle from Jilin. There were 4 characters such as First heading date, panicle length and so on. Them
with rich diversity from Yunnan. While heading stage and other 2 characters were rich from Heilongjiang. The results of different types of
germplasm showed that 11 characters were abundant such as leaf length and plant height in landrace, and the 9 characters were abundant
such as First heading date and panicle per plant of advanced cultivar. The correlation analysis showed that 149 correlation coefficients
reached the very significant level (P < 0.01), among which 3 growth stage traits, such as head stage, had higher correlation with other
agronomic traits. Principal component analysis found that the cumulative contribution rate of the first 6 principal components reached
79.309%, and the contribution rate was the largest in the traits related to growth period. The 1775 rice germplasm can be divided into three
groups at the Euclidean genetic distance of 0.6, among which the germplasm was group | from three provinces in Northeast China, Beijing
and Hangzhou.10 traits were rich, including the growth stage traits, the number of tillers related to yield and the panicle per plant. It can
provide excellent germplasm for rice germplasm resource innovation and new variety breeding in the future. Group Il only included
Ningxia, indicating that germplasm resources in Ningxia were far from germplasm resources in other provinces (cities). which could play
an important role in broadening the genetic basis of rice germplasm resources in the future. Group 111 includes Hebei, Shandong, Yunnan,
Jiangsu and Xinjiang,which has rich genetic diversity in grain length and can provide rich 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

v e FEdRZEAD Sample types T FEdhZEA! Sample types
- FER AR o i Vs P PEH meom e
IR Number of =] Hh 75 5 F i H A # Number of =] T L F IEH b
Province (city) . ] i R 7 advanced Province (city) B ] i 2R b 77 it il advanced
samples Lines landrace . samples Lines landrace ;
cultivar cultivar
JE5 Beijing 49 23 N 26 L7 Liaoning 477 - 58 419
Wi Hangzhou 28 28 - - TE Ningxia 94 - 10 84
L Hebei 25 - 18 7 11 %% Shandong 24 - 19 5
VT Heilongjiang 303 - 46 257 Fri® Xinjiang 29 - 13 16
FH Jilin 582 - 54 528 2z Yunnan 134 - 1 133
YL75 Jiangsu 30 23 - 7
- T B
—:No data
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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

PR HB/MA IEPNE ez A i BRFE ZREMETREL
Ttaits Min. Max. Range Mean SD (%) (H")
GRS (d) FIHD 83. 00 132.00 49. 00 105. 17 8.18 7.78 2. 060
R (D) HD 86. 00 140. 00 54. 00 107.93 8.63 7.99 2. 069
FAEW () FHD 79. 00 140. 00 61. 00 109. 60 8.76 7.99 2. 056
S A (em) FLL 13. 65 56. 83 43.18 25. 84 4.83 18. 68 1.974
Sl e (em) FLW 0.85 2.38 1.53 1.37 0.17 12.22 1. 965
S FE L FLWR 8.50 37. 11 28. 61 19. 15 4.51 23. 57 2.053
¥k Cem) PH 69. 43 148. 25 78.82 101.98 13.10 12. 84 1.926
SYBERL (AN IN 6. 80 31.60 24. 80 14. 04 2.67 19. 05 1.990
FiK (em) PL 13. 40 30. 45 17.05 18.48 2.07 11.22 2.016
FEF K (em) NL -3.35 34.95 38. 30 7.16 2.76 38. 50 1. 963
HRAKSE (mm) GL 5.51 9.90 4. 40 6. 85 0.49 7.20 2.019
BRI (mm) GW 2.38 3.70 1.33 3.09 0.18 5.98 2. 059
BRI T GLWR 1.82 3.86 2.04 2.24 0.23 10. 45 1. 880
BHIEREE (mm) GT 3.87 5. 56 1.69 4.47 0. 20 4. 42 2.052
A BREsPP 8.15 20. 85 12.70 11.59 1.48 12.75 2. 044
TR ChiD) SPP 58. 25 2717. 45 219. 20 134. 53 29. 60 22. 00 2.041
TR AES 1.00 72.85 71.85 11. 08 9.95 89. 75 1.585
LESEH (%) SSR 53. 12% 99. 06% 45. 94% 91. 99% 0. 06 6.79 1. 698
Fea (g/BR) GY 4.25 46. 67 42. 42 27.05 5. 59 20. 65 2. 050
THRiE (g) TGW 13.29 37.75 24,47 24. 49 2.56 10. 46 2.053

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;TM: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 bellow
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Table 3 Analysis of growth stage traits of rice germplasm resources from 11 province(city)

-~ - B - T PITeT—
fmiize(city) GRS (d) FIHD HFA (d) HD FHUA (d) FHD ik %?J—Fﬁ% () 7 iﬁg—ifﬁ ()
JbL5 Beijing 109. 045. 11" 112, 245. 37" 113.5+5. 73" 3.2+ 1,53 4.5+1, 52"
HiMl Hangzhou 106. 7+5. 02° 109. 4+5. 13° 111. 2+5. 67 2.740.90°%" 4.5+1. 20"
4k Hebei 106. 0+6. 70 109. 9+7. 64° 110. 1+7. 67° 3.942. 127 4.141.27°%
YLF5 Jiangsu 117.847. 36" 122.4%7. 64" 123.447.83" 4.6+2. 18" 5.6+1. 75"
FH Ningxia 103.8+3. 79" 106. 7+4. 07% 107.9+4. 13% 2.9+0. 99° 4.1+1.08%
% Shandong 114.5+7. 25" 118.7+8. 36" 120. 3+8. 30" 1.242. 26" 5.8+1.96"
¥i98 Xinjiang 104. 6+6. 86™ 107. 147, 34% 108. 7+7. 27% 2.5+1.06%" 4.140.96%
Z# Yunnan 116. 745, 62° 120. 245, 59° 122.546. 42° 3.541.66™ 5.8+2. 29
HHIT Heilongjiang 94.245. 10" 96. 4+4. 92" 98.544.89" 2.241. 08" 4.3+1.37°
#HHK Jilin 102. 6+3.92° 105. 1+4. 17° 106. 6+4. 38° 2.5+1.68° 4,042, 27°
ST Liaoning 110. 4+4. 52 113.5+4. 57" 115.2+5. 05" 3.141.17% 4.74+1.17¢

Bl J5 ARG - BER R AN R UE KRR R PR AE 5%/KF L2 R B3, TH
Different lowercase letters after the data indicate significant differences from the rice germplasm resources at the 5% level ;The same
bellow
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Fig.2 The box plot of important agronomic traits of eleven province (city)
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Table 4 Genetic diversity index of rice germplasm resources from 11 province (city)

PR =M VL5 b 2R e T AR pUAy Jbx UM TH
Traits Yunnan Jiangsu Hebei Shandong Xinjiang Heilongjiang Jilin Liaoning Beijing Hangzhou Ningxia
GRS (d) FIHD 2.065  1.953  1.826  1.752 1.843 2. 057 1.987 2.030 1.778 1.837 1. 934
HifE (d) HD 2.020  1.972 1.836  1.850 1.946 2.035 1. 960 1.990 1. 880 1.809 1.919
FAEW () FHD 1.929  1.981 1.860  1.784 1.996 1. 957 1.947 1.992 1.786 1.926 1.844
S A (em) FLL 1.833 1.933  1.992  1.831 1. 855 1.919 1.818 1.815 1. 989 2.011 1.997
ST B8R (em) FLW 1.904  1.867 1.477  1.676 1. 990 1. 889 2.013 1.993 1. 980 1.911 1. 462
S FE L FLWR 2.011 1.781  2.034  1.812 1.703 2. 041 2.028 1.976 1. 865 1.761 1.892
¥k (em) PH 1.983  1.946  1.844  1.657 1.992 2.007 2.012 1. 880 1.939 1. 868 2.032
SYBESL TN 2.027  1.761 1.968  1.897 2.022 1.944 1.952 1.938 2.028 1.956 1.710
FEK: (cm) PL 2.086  2.028 1.912  1.896 1. 870 2. 046 1.984 2.013 1.937 1. 398 1.973
FEHK (em) NL 1.887  1.899  1.881  1.886 1.848 1.981 2.014 1.853 1.781 1. 986 1. 661
BRAKE (mm) GL 2.062  2.015 1.894  1.989 1.978 2.012 2.037 1. 962 1.796 1.520 1.925
BRLFEE () GW 2.105  1.932 1.857  1.889 2. 044 2. 088 1. 989 2.017 2.027 1.939 1. 806
BRI FEEL GLWR 2.028  2.006 1.984  1.803 1. 954 2. 055 2.019 2.044 1. 969 1.999 2.039
BREEE () GT 1.930  1.800 1.755  1.733 1.818 1. 946 2. 056 1.977 1.733 1. 507 2.010
A RS PP 2.033  1.864 1.921  1.810 2.011 2.035 2. 060 2. 040 2.043 1. 806 1.917
FERI¥ SPP 1.833  1.605 1.676  1.436 1.709 1.782 2.073 1.871 1.853 1. 386 1.867
TR ES 2.039  1.999  1.957  1.664 1. 852 2.027 2.073 1.998 1. 924 2.017 2. 000
4ESzF (%) SSR 1.970  1.651  1.968  1.830 1.810 2.017 2.075 2.072 1.980 1. 968 2.051
FeaE (g/BR) GY 1.636  1.924  1.387  1.534 1.733 1. 547 1. 746 1. 562 1.837 1.351 1. 899
THIE (g) TGW 1.851  1.809  1.722  1.490 1.909 1.723 1.769 1.756 1.789 1.431 1.916
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Table 5 Genetic diversity and variation analysis of important agronomic traits of germplasm types

FHME Mean BRERE V(%) LR R (47 )
Lines landrace cultivar Lines landrace cultivar Lines landrace cultivar
ERE (d) FTHD 109. 82 102. 12 105. 38 6.15 7.87 7.71 1.829 2.012 2.081
R (d) HD 113.17 104. 96 108. 10 6. 64 8.26 7.88 1.975 2.003 2. 068
FAEM (d) FHD 114. 59 106. 52 109. 80 6. 58 7.82 7.95 1.881 2.016 2.061
Sl A JE (em) FLL 24. 83 30. 49 25.21 26. 03 15. 15 17.32 1.801 2.077 2.039
SN EEE (em) FLW 1.42 1.31 1.38 10. 16 13. 56 11.97 1.942 1. 786 1.958
HIH-K FE L FLWR 17.70 23. 60 18. 56 29. 85 18. 42 22.12 1.625 2. 068 2.033
R (em) PH 97.79 119.93 99. 54 12. 98 12.85 10. 45 1. 867 2. 035 1.975
SYBER 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
RS Cem) NL 6. 34 8.20 7.05 39. 01 42. 08 37.12 2.014 1.929 1.959
BHKE () GL 6. 85 6. 94 6. 84 8.01 9.41 6.75 1.899 1. 966 1.943
BRI (om) GW 3.15 3. 14 3.08 4.48 5.24 6. 10 1.848 2. 050 2.074
ABHIKBE L GLWR 2.19 2.22 2.24 10.97 9.89 10. 50 1.490 1.930 1.875
BHIEFE (mm) GT 4.51 4.53 4. 46 4.33 6. 10 4.08 2. 048 2.024 2.074
B Rk PP 11. 50 11. 40 11. 62 11. 40 9.94 13. 14 2.020 1.948 2.044
FERI %L SPP 137. 18 115. 60 137. 20 22. 59 20. 80 21.33 1.855 2.032 2. 047
Zpig ES 12. 28 9.84 11.21 76. 43 61.63 92.92 1. 544 1.853 1.573
45923 (%) SSR 0.91 0.92 0.92 7.04 5.08 6.98 1. 747 1. 885 1.574
FeE (g/M 6Y 26. 43 20. 23 28. 09 22.90 30. 71 16. 66 2.070 2.081 2.077
TFHiE (g) TGW 24. 39 25.15 24. 40 12.51 13.17 9.79 1.998 2.043 2.024

2. 20X M7 R

SUEMBAR STRIRAIH G (B3 RET, 20 MR MEIRAIS6 N IEAH R R 4. 63Tk A= 3k 1494
MR RBULBINR KT, b IEA D¢ REm R ME0. 983, Al 6 R KME-0. 062, AHCHEBE R m PR A
SRREN. PRAREIYL. SRREND. SIMHK. SIMHRTEEL. PR RBESENEIR. ARRERE. SRRIY KSR = HOAIR D
FHIEMR, H=#H5Z MRS PR BRSO MR B R IEHSE, 58198, 7B ME
RENEZE TR SIS HAR SRR SRR s, el S5k, 28l L EASF10MEIR
EWRFIEMK, SRIMRIEH . TRESMREZE TR, DB PRe AR =R Z R il R 2 IR
K, Htkm MK SERK., SR MBS MR EMEZF EMR, SR, BRE TR E 2R
TR ARG ALK, BRI L S S b B B35 IEAR G, SRS, S5 sef e TR E ST
PEIREMRZ AR, AT, KAERBTEIRZ B RIE R B, MR R R SR E A
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%, *% indicates significant differences at the 5%, 1% levels, respectively
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Fig.3 The correlation analysis of 20 agronomic traits in tested materials
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F1FE R TR RN, 23, 729%, R AR AE]. AR KSR R AR ), HAESE 1L RO e,
M1 TRy FER 54 M CHIMR: B2 STk A2 17, 085%, S v U RF A B s, O 8
MG, PR 2 T R 2 SRR IR . B3 A TR A2 11, 190%, Horh A A EOE R IEE oK, T
WL ) R R A A ORI 3 73 TR N R B AR s SR AR ) SRR 10. 058%, Hi
BRLE LR AL RN, HRARLTE, S50 TTRREIE9. 545%, FrP AR 58 LE IE FAFAE(E A K, APRL T8
JE A RFAEAB B R, Ul W S AR 555 T o3 B 2 S A KEAH SRR AE s 286 R /r TUBR A2 7. 701%, Hrh ki #UE
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Table 6 Principal component analysis of 20 agronomic traits in tested materials

R F A FE 52 F A3 ER &t F S5 F 56
Traits PC 1 PC 2 PC 3 PC 4 PC 5 PC 6

AAEI FIHD 0.151 -0. 127 0.187 0.043 0. 050 -0.178
Y 1D 0.151 -0.123 0.188 0.043 0. 046 -0. 184
FAEH] FHD 0.151 -0.123 0. 187 0. 050 0. 050 -0.181
S|t B FLL 0.121 0. 162 -0.011 -0. 190 -0. 098 -0. 041

Gl BB B FLW 0. 029 -0. 184 -0.197 0. 037 -0.122 0.039



S BE L FLWR 0. 083 0.217 0. 102 -0. 168 -0.015 -0. 057

Hkes PH 0.139 0. 095 0.015 -0. 141 -0. 096 -0. 053
Sy BERL IN -0. 065 0.130 0. 202 -0.017 0. 151 0.127
FEK PL 0.128 0.123 -0. 091 -0.171 -0. 031 0.022
K NL -0. 003 0. 055 -0. 061 -0.233 -0. 102 0.115
HRAKEE GL 0.116 0. 09 -0. 188 0.175 0. 267 -0. 003
BRLGEE GW 0.013 0. 097 0.118 0.271 -0. 360 0.013
BRAK T GLWR 0.075 0. 007 -0.212 -0. 040 0.417 -0. 005
BHRIESE GT 0.106 0.137 -0. 076 0. 324 -0. 012 -0. 002
A RGEE PP -0. 094 0.101 0.232 0. 055 0.188 0. 151
FRI% SPP 0. 066 -0. 165 -0. 153 -0. 161 -0. 133 0.159
2R ES 0.128 -0. 054 0. 042 0. 039 -0. 025 0. 476
4E52% SSR -0. 126 0.015 -0. 098 -0. 079 -0.013 -0. 457
AR GY -0. 062 -0. 082 0. 045 0. 046 0.093 0. 155
TR TGW 0.012 0.108 -0. 220 0. 270 -0. 103 -0. 059
FEMEME B 4.746 3.417 2.238 2.012 1.909 1. 54
TTEkZE CR (%) 23. 729 17.085 11.190 10. 058 9. 545 7.701
BARTTHRZE CCR (%) 23. 729 40. 815 52. 005 62. 062 71. 607 79. 309

PC:Principal component

2. AR KT

X 20N EER EMRIR MR I, 5T o EEREAR 2, aTRHER A LIANE (D 1
L7750y AKAERN G IR 70 B3N RAE (B4) KM T & ARAb =2 LAbstmpii, REe & T E, K
WA EAAL . AR = AR AW aE . ARIES D IEREMIRI 70 2l H 5 7 BRSSPI ME . AR R % (v )
LBt AT A (47 ) GRT) , RIS T MRS58 A7 8 45 52 K k™ BT B{EAES A
KRR S, SIFHCTE E S SR OV FE3AN SRR B oK AR RIS 2 S R A 10N IR I
H FESAS AP oK. U WISRRE | RBE 5 MR8 A BIR TR AF T, BRIt &, Sk, K
LS ORI W AR A 5 IR RIS Lo IR BAT B w8 B A A, BEWISRAE 1 s n] v 46 H
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BATEm e S 58 AR b B AR MR I OV AE3SRAE R R BIHHHG . bRim MR SR
AR A FE3AN B UL T E MO KRR, KRR, HOIH5E . A R Sk R 5 MR A
AEERRER S S, Mo MAEREEI MR BB E 2 AL Bl 7 =M Al oy KR ROk i
Tk B SR LA B IS REAARE, 7 SRR e ORI FH AT BAS B8 KRG e ot BB AR Atk SR MBI AN E R BLR . R
HELIDM S A da A . iR . SRR R R i S TN IR BT s 1P 204 a6 R S5 12 MR 7 #2336
FErbRcs: R FE3AN SRR o . B RRFIIDR B oMk e . AR AR, TR ahiii
SFI2MEIREA 5 R 5T, SRR R AR M. SRBFIIIR 5 AT DA B 2t bk 7 SR 46 F 5 1)
LRt R

B4 KFEMERFIRAERER 5T

Fig.4 Classification of rice germplasm resources
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Table 7 Genetic diversity and variation analysis of important agronomic traits 3 clusters

PEIR 8 1 First cluster BB Second cluster KT Third cluster
Traits Y ARRE SRR P RRRK ZREREL PRI RRRE Z PR R
Mean %) cv (H") Mean %) cv (H") Mean %) cv (H")
GARUY (d) FIHD 104.61  4.58 1.938 103.78 3. 66 1.934 111.94  6.09 1.888
HE () HD 107.31  4.53 1.935 106. 69 3.89 1.919 115. 65 6. 34 1.925
FHUH (d) FHD 109.00  4.72 1.922 107. 60 4. 68 1. 844 116.99  6.43 1.910
S A (em) FLL - 24. 40 19.21 1.910 32. 62 9.50 1.997 27.32 16. 97 1.889
S EE (em) FLW - 1.40 9.59 1.957 1.37 13.52 1. 462 1.36 12.32 1.783
SR B8 L FLWR 17.68  22.39 1. 934 24. 12 12.48 1.892 20.46  21.62 1.868
¥k Cem) PH 97.33  10.22 1.941 108. 98 7.61 2.032 115.08  13.53 1. 884
SYBEHL (AN TN 13.69 16. 84 1. 964 14.78 12. 80 1.710 13.78 19.70 1.935
K (em) PL 18.02 9.81 1.876 20. 19 8.32 1.973 19. 61 9.92 1. 959
I (em) NL 6.72 35.38 1.923 9.72 35.19 1. 661 6. 20 47.15 1. 880
BHKE () GL 6. 84 6.92 1. 865 7.18 6.99 1.925 7.17 7.38 1.988
BRI (om) GW 3.09 5.57 2.012 3. 06 6. 64 1.806 3.15 5. 43 1.965
BRI TELL GLIR 2.23 10.30 2.017 2.37 11.58 2. 039 2. 30 10. 49 1.955
BRERE (mm) GT 4,47 3.85 1.844 4.56 4.21 2.010 4.63 4.24 1.807
HREEL (4 PP 11.59 11.71 1.997 10. 34 12.97 1.917 11. 40 10. 75 1.928
FCRI% CRD SPP 135.23  18.71 1.793 157.74  25.30 1. 867 125.94  26.09 1.652
ki ChD) ES 10.27  76.46 2.008 13.22 57. 66 2. 000 16. 62 69. 07 1. 902
ZESEF (%) SSR 93. 00 5.39 2.022 91.71 4. 42 2.051 87. 18 8.76 1.846
FeR (g/kR) GY 27.81  18.21% 1. 609 26.80  23.53% 1.899 22.41  22.90% 1.643
TFHIE (g) TGW 24.75 9.25% 1.693 26.28  10.04% 1.916 2413 13.72% 1.756
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