FB IR 2023, 24 (5):1277-1290
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20230220001

AERRTUBE D™ S PEARRTEEBE oS IR i s & VP

BIRA B 2 [ A R INET
5 RE WL W E R
(TR e T A4S OB B A LG SC 03 1] 7500215 277 B Aol A B2 vl L 41 750001)

HE: RAGH =B FH R e s RAGEIE R & SRR ARG Aty R H & o RN Ao 0 b & 5 RRASHF F, 3T A kA4S
A Ay H RS F AR T A A, BN 139OSR TR A AR IR (B E AR BRSNS EE
HTEE EREE &EERERTE)ROMIET RERR ALK (FEE KEF 50F o8 AoEhasd
F), 0 ARG A £ DM F S AL F T i, GRS R T R R BREN D AR AR
B BREEH ERETHMIZAY ERBFEMX 7 RAETASEMILZE ZRRAREGEML FEFFESES
FPRETHSANEZFFMEFAMX, ZFRRFPT RERR ARG ERS O HRREIAA L85, RiTTRES A
78.432% F2 71.697% , AP i i B] T 44 3 R AEMIRAn SAF R TR A XA, 6 Fo 8 T8 Ic s UEA TN 45
R, 4 7% i 3] Hungarian No.1 fe4£ 10-815 4y & = B ML X &R AW R, RESHERZT, 139 AR TR 45 A4 44
KB, EBULLL 2N BT MERE TR EBNEAH 4 AT, LS TR G A2 TR £ ; EHTAIVH 7
H 690 A 27 AR R, Ho F AR AR ILEAT AL R B 5 R T RS FMEAC, M EFIVO RS E G4 HHTER G, AP
RGBT ) & =R AKAGH s b i G SRR AR S A S R

R  ARAG AV B R B A AR

Comprehensive Evaluation of Yield Traits and Seed Mineral
Nutrient Quality of Japonica Rice Germplasm Resources
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Abstract: The yield and seed mineral nutrient quality are essential factors in breeding of rice varieties.
Identification of rice germplasm resources with high yield and high quality can provide elite parents or
intermediate lines in breeding. This study measured eight yield-related traits (plant height, spike length, grain
number per panicle, filled grain number per panicle, thousand kernels weight, grain weight per panicle, seed
setting rate and grain density) and six mineral nutrient quality-related traits (zinc, iron, calcium, magnesium,
copper and manganese content) in 139 japonica rice germplasm accessions, followed by the correlation analysis
and principal component analysis (PCA). The plant height, spike length, grain number per panicle, filled grain
number per panicle and grain weight per panicle were positively correlated (highly significant) , and the content
of mineral nutrient was positively correlated with each other in different degrees. The content of Zn and Mg was

significantly and negatively correlated with grain weight per panicle. PCA using either eight or six indicators
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suggested three principal components (PCs) , respectively, with the cumulative contribution rate of 78.432%
and 71.697%, respectively. Four yield key indicators and five mineral nutrient quality key indicators were
selected based on the loadings of these indicators in CI1-3. Two germplasm accessions with high yield and high
content of mineral nutrient, namely, Hungarian No.1 and Mu 10-815, were identified by combining the results
of comprehensive evaluation of yield and mineral nutritional quality. The cluster analysis suggested four groups
within this collection, including Group-I that contained only two germplasms with very high mineral nutrient
content, Group-II that contained 41 germplasms with relatively high Zn content but poor yield traits. Group-III
and IV with 69 and 27 germplasms respectively, exhibited superior yield traits. Group-III, however, had
relatively low mineral nutrient content, whereas Group-I1V had relatively high amounts of Mn and Ca content.

Collectively, this study can provide theoretical basis and excellent germplasm for the selection and breeding of

new high yield and high quality rice varieties.

Key words: japonica rice; germplasm;yield ; mineral nutrition; comprehensive evaluation
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Table 1 Names, origin and types of 139 Japonica rice germplasm accessions

% e psi] K %' Egis e K5 %' Eqis e P 3
No. Name Type Origin || No. Name Type Origin || No. Name Type Origin

1 WA 899 BRF PEER || 33 980172 BRFP pEAEE || 65 HHE218 KRR PR
2 25 MCRAD pEdEsT || 34 PR H A it 66 2014-14 MCRAD PR
3 Cigalon A | 35 5|58 2 L H A 67 Bt 105  RAr T EDHR
4 HEs9 SRA EdEsT | 36 i RAR PEEA | 68 BT 29 R
5 831 SRF REJER | 37 N2 BRF HPEER | 69 A 1304 BCRFD PELT
6 KI5 555 R A B[ 38 KH9% BRFR PETAR |70 1EHE 22 BRFP PR
7 TEF N9 BRF RREdERT |39 Kik09-119  HKRF  PEEMK |71 BA06-213  MRFD HPIERIEIL
8 241 SRA REITT || 40 WIS BRA REEA | 72 BHELS  KRA PEE
9 Bertone WorRh A | 41 E7 WRF hEERR || 73 THI6Y  MRA hETE
10 ek 22 o A H A ) F7 BRFP pEEMK || 74 FRF/NHT PR AR HA
11 Farry b5 Fh eS| 43 JEHT25 R APEEIE | 75 7 08-47 SRAl R AR
12 Galhardo IR HES || 44 14 820 AR RS | 76 THIS0YS  BRF PETE
13 At R HA 45 Jertrs SRAN PEEE | 77 %1335 BRFM PETE
14 TS BRF RET | 46 H10-815  RF PEBIET | 78 %1344 BRM PETE
15 Taichengsenl6 i FFh  WfEdbst |47 BiE2012-16 ok RAh A EEIRIT || 79 08GM38 MORAP Hr R
16 LIF79 SRA REITT | 48 F408-378  MRAN PIESEIEIL | 80 %1345 BRA RETE
17 Gostima R BTREJE || 49 FE12-1782  BCRA PEMEIET | 81 %1350 BRF PETE
18 823349 RF HREVTR | 50 1202 BRF PEIZT || 82 2012-441 MEF PETE
19 TETS HRAP pEAEsR | 51 403011 BCRAN REE B || 83 2013-30 HRAP PETE
20 Hitomehore b7 Fh HA 52 WEAE-3  RF hEEK || 84 hiE804-1  BRAN  HEdLE
21 2HFFY IR HA 53 Koki-4 SRR REEA | 85 159-1 SR L
22 HungarianNo.l #ihFh  BKFIT | 54 HHRE-1 BCRA PR || 86 ANEE2 5 SR P E SN
23 Banat2951  HF WKL | 55 HASesk  HrFl H A 87 R4S MR E M
24 Hiras BRF PEEE | S6 Muthhomate — Hi1J57Ff H A 88 13-1044 MRM PETE
25 415-1 BRA HREVLR | 57 Daniela IR ey 89 2012QX-18  PBRF  hETE
26 738-10 BRF REVE | 58 ES IR HA 90 TH629  MRF hETHE
27 WK HI5Fh H A 59  Hrborio Cyauco HiJifl  maifiik | 91 08X1271 BRF RETE
28 200070 BRF PEEA | 60 ARAWNRIR IR APEBIET | 92 T4 HRF PETE
29 # 105 BRA REIET | 6l HR6T  MRAN PEEA |93 W15 BRA RETE
30 1520 WREN hEAR | 62 i WRFN  hEZR | 94 HT105 MRM hETE
31 Calrose H 7R el 63 Kele(34979)  #jiFh @b || 95 THRI5149  HREF hETE
32 L03075 HRF PEEA | 64 R HITFH HA 96 W45 BRF PETE
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No Name Type Origin | No. Name Type Origin | No. Name Type Origin

97 THISIS MRF RETE | 112 Befbodo  BURAP R | 127 $3-11 BRFD AR
98 PEATE R A L 113 10077 UCRF REILNPE | 128 B IR PR AR
99 392 i A H A 114 FMI 132115 BRAN  hEFHA | 129 WRESIS  MRA pER

100 B3P1394 R A HA 15 PE12672 ECRA AR | 130 R3S MRAD PRI
101 HKx iy 7l H A 116 HT29 BRF PETE | 131 JeAE 807 PCRAD P R R
102 2 R A HA 117 AAI1508  BCRAN hEEA || 132 FAWER99  RRFRM PR AR
103 HiEE804-15  MRF FREAEET | 118 1128 BRF HPETE | 133 FRE59 HRAP PER

104 1LJE 86 Hu 7R HA 119 THIS3YS BRFM PETE | 134 A28 SRR PR AR
105 PN i 5 F L 120 1132 SRA PETE | 135 R 6 SR P

106 L3005 i RAR i 121 PRS043 BERA REdERT | 136 #1769 BRRAP PR
107 Jalirg 23 5 R A lfif 122 #10A7 BRF ENDT | 137 EACk88s  RAN

108 B85 R i 123 $2-3 SRR REEAR | 138 W8T MEAN  PEEK
109 KIR15 A HA 124 S2-4 BCRF PEER | 139 Ehik 268 PRFN HPEIR
110 KR4S BRF REER | 125 S2-14 BRFN R

111 g o R A HA 126 S3-4 BORA AP A
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Table 2  Statistical parameters of yield-related traits and mineral nutrient content of japonica rice germplasm
PEAR Traits 71 ¥l Range SES4{H Mean F1{f Median WifEZE SD R RE(%)CV
Pk (cm)PH 36.73~111.23 83.44 84.23 11.73 14.00
i (em)SL 10.20~23.27 17.10 17.07 2.69 15.74
B R AL GNP 57.40~212.77 108.75 106.70 32.08 29.49
BRRESR AL FGNP 69.61~120.70 69.61 68.33 20.49 29.43
THiH (g) TKW 12.60~37.10 26.34 26.10 3.69 14.01
PR (g ) GWP 0.33~3.29 1.85 1.82 0.59 32.01
45593 (%)SSR 25.57~93.19 64.67 0.67 12.70 19.64
FHHRE ¥ CRi/em)GD 3.17~10.74 6.31 6.06 1.58 25.01
B s (mg/kg) Zn 11.58~38.67 19.45 18.67 4.06 20.87
et it (mg/kg) Fe 1.13~19.08 10.35 10.17 2.69 25.95
il & it (mg/kg) Cu 1.25~4.67 2.83 144.34 0.69 24.50
% & it (mg/kg)Mn 11.25~37.53 23.26 22.59 4.87 20.93
Bt it (mg/kg) Mg 922.51~1491.67 1123.27 2.83 91.14 8.11
54+ (mg/kg) Ca 34.86~265.61 148.13 146.67 44.82 30.26

PH: Plant height; SL: Spike length; GNP: Grain number per panicle; FGNP: Filled grain number per panicle; TKW: Thousand kernels weight;

GWP: Grain weight per panicle; SSR: Seed setting rate; GD: Grain density; Zn: Zn content; Fe: Fe content; Ca: Ca content; Mn: Mn content;

Cu: Cu content; Mg: Mg content; The same as below
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THRETKW o03e8 0208 0003 0028 . m@ e @ o @ o o . 2
FHR TGWP 0423 0287 0433 0537 0383 . & e
£59C#48SR 0247 0096 -0284 0338 0021 0178 . .
FRHHEGD 0124 0117 0827 0552 -0208 0238 -0.384 . @ @ @ & & °
BriiZn 0045 0028 0079 0114 0081 0174 -0.166 -0.039 . ﬁ-%
#HGtFe 0042 0006 -0078 0086 0138 0062 -0104 0083 0307 . ° & e &
0.024

i EMn 0083 0128 0070 -0.049 -0.097 0062 -0.166 0137 0054 0114 0294 . ? @

FEdftCa 0140 0108 0034 -0104 -0085 -D026 -0222 0055 0181

F%HCu 0140 0088 -0004 0018 0009 -D153 0005 -0039 0446 0028 -0.048 0083 .

E%f%“ﬁng <0170 -0.087 -0.136 -0093 -0107 -0.247 0004 -0030 0562 009 0221 -0046 0321 .

-1.0 -0.8 -0.6 0.4 -0.2 0 02 0..'4 Oj6 08 1.0
IR AUNARSE R B A7 AR R P R AR S KN s * R BE AR (P<0.05) 5
IR E RO (P<0.01) 5 *** FIRMR B E A (P<0.001) 5 R[]

The correlation coefficient is shown in the lower left corner, and the different colored circles in the upper right corner indicate the correlation size;

* represent a significant correlation(P<0.05) ; ** represent a very significant correlation(2<0.01) and

k¥ represent a very significant correlation(P<0.001) ; The same as below
El1 14 DREIRIEX REBUER
Fig. 1 Correlation coefficient matrix of 14 phenotypic traits
®3 BEEMRFFESEAREKOERS T

Table 3 Principal component analysis of yield-related traits of japonica rice germplasm

PR Traits F 41 PCL F SN2 PC2 FSr3 PC3
P PH 0.728 0.387 -0.038
K SL 0.500 0.382 -0.110
FERELERIE GNP 0.872 -0.452 -0.061
RERESTR B FGNP 0.912 -0.003 0.360
T-hiE TKW 0.250 0.555 -0.684
R E GWP 0.692 0.253 -0.137
%5923 SSR 0.086 0.675 0.685
H R E GD 0.589 -0.760 0.024
FRIE{E Eigenvalue 3.267 1.904 1.103
Bk (%) Contribution 40.840 23.801 13.791

2151k % (% ) Cumulative contribution 40.840 64.641 78.432
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Table 4 Principal component analysis of mineral nutrient of japonica rice germplasm

PR Traits F 51 PCI F 52 PC2 Fi5r3 PC3
BT R Zn 0.871 -0.127 0.064
Bkt Fe 0.365 0.034 0.877
FE 1 Ca 0.337 0.730 -0.342

i % B Mn 0.198 0.769 0.190

il & i Cu 0.627 -0.297 -0.140
BETriE Mg 0.769 -0.148 -0.274
FFAE{ Eigenvalue 2.029 1.252 1.021
BTk (% ) Contribution 33.817 20.865 17.016
Z1 5Tk (% ) Cumulative contribution 33.817 54.682 71.697
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Table 5 D values, comprehensive ranking of 139 Japonica rice germplasm accessions

ETCERIN W BUE TR B PR W JBUE SR
Yield traits Mineral nutrient quality Yield traits Mineral nutrient quality
G ' K %' ZpN
No. Name No. Name
D & DM % Dl H#4 DM 4
D, value Ranking D, value Ranking D, value Ranking D, value Ranking
1 R 899 0.576 49 0.524 11 8 241 0.581 47 0.235 137
2 nE22S 0.582 45 0.494 17 9 Bertone 0.533 71 0.449 32
3 Cigalon 0.606 37 0.430 42 10 AR 22 0.580 48 0.286 124
4 F1ES9 0.360 132 0.537 7 11 Farry 0.371 126 0.479 18
5 831 0.679 11 0.402 63 12 Galhardo 0.684 10 0.357 86
6 KIE 555 0.543 66 0.336 105 |13 Aot 0.548 63 0.350 93
7 1EFEN9 0.440 111 0.454 28 14 TS 0.564 59 0.385 71
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F5(48)
PRk W SR T PRk W TE TR o
Yield traits Mineral nutrient quality Yield traits Mineral nutrient quality
' SR 45 E2
No. Name No. Name
D {8 He# D, i He# DfE & D, fi He44
D,value Ranking D, value Ranking D value Ranking D, value Ranking
15 Taichengsenl6  0.546 64 0.266 132 ||47 Bi2012-16  0.421 116 0.457 24
16 iTIF79 0.625 28 0.275 129 |48 4 08-378 0.740 4 0.414 54
17 Gostima 0.394 121 0.639 3 49 4 12-1782 0.399 118 0.451 31
18 823349 0.360 131 0.538 6 50 Juft 1202 0.452 106 0.345 98
19 HAE TS 0.398 120 0.461 23 51 JeA: 03011 0.431 112 0.440 39
20 Hitomehore 0.380 124 0.321 109 |52 HRAE-3 0.453 105 0.354 89
21 YD 0.386 122 0.319 110 |53 Kopi-4 0.249 136 0.385 72
22 Hungarian No.1 ~ 0.710 6 0.719 1 54 HAE-1 0.558 62 0.404 61
23 Banat2951 0.212 138 0.534 8 55 Rk 0.448 109 0.375 74
24 a4 0.544 65 0.342 101 56 Muthhomate ~ 0.451 107 0.280 126
25 415-1 0.543 67 0.422 48 57 Daniela 0.472 91 0.293 122
26 738-10 0.422 115 0.446 34 58 KE 0.464 95 0.332 106
27 WK 0.493 86 0.456 26 59 Hrborio Cyauco  0.310 134 0.452 29
28 200070 0.425 113 0.403 62 60 ZRb/NRRP 0.108 139 0.702 2
29 105 0.526 73 0.466 21 61 HK65 0.424 114 0.349 94
30 F4:520 0.583 44 0.503 15 62 ki 0.378 125 0.449 33
31 Calrose 0.612 33 0.440 38 63 Kele(34979)  0.596 39 0.417 50
32 L03075 0.584 42 0.344 99 64 KB 0.363 129 0.366 80
33 980172 0.454 104 0.421 49 65 HhR218 0.458 99 0.534 10
34 Pay e 0.533 70 0.425 46 66 2014-14 0.363 130 0.475 19
35 7558 0.460 97 0.355 88 67 B 105 0.338 133 0.514 13
36 2y 0.643 23 0.514 14 68 Bl g 29 0.480 90 0.436 41
37 N ki 0.489 88 0.428 43 69 A% 1304 0.466 93 0.369 78
38 Kr9%w 0.572 51 0.346 96 70 1E48 22 0.261 135 0.387 70
39 K 09-119 0.504 82 0.385 73 71 HA206-213  0.365 128 0.568 5
40 R 15 0.650 20 0.365 82 72 TeMiFE 1S 0482 89 0.426 44
41 E7 0.461 96 0.534 9 73 THE165 0.504 81 0.402 64
42 F7 0.650 21 0.441 37 74 Ak H /T 0.633 25 0.410 59
43 Jekg 25 0.469 92 0.301 19 |75 7 08-47 0.520 75 0.413 56
44 A 820 0.659 18 0.310 113 ||76 THES05 0.625 27 0.279 127
45 AR e 0.618 30 0.346 97 77 %1335 0.586 41 0.437 40
46 $10-815 0.745 2 0.466 20 78 451344 0.613 32 0.456 25
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F5(48)
2N W UE SR AT i RE2N W PTE SR
Yield traits Mineral nutrient quality Yield traits Mineral nutrient quality

45 ZFR 45 B
No. Name No. Name

D fH H4 D, 18 He# DA & D, 18 He4

D,value Ranking D, value Ranking D, value Ranking D, value Ranking

79 08GM38 0.624 29 0.359 84 110 KFg4s 0.676 13 0.270 131
80 41345 0.699 7 0.306 116 | 111 A 0.691 8 0.305 117
81 %1350 0.636 24 0.308 114|112 Fef) 649 0.543 68 0.297 120
82 2012-441 0.615 31 0.374 75 113 10077 0.594 40 0.390 67
83 2013-30 0.649 22 0.445 35 114 FAIL 13-2115  0.570 53 0.365 81
84 i 804-1 0.631 26 0.340 102|115 12672 0.519 76 0.349 95
85 159-1 0.444 110 0.411 58 116 229 0.567 55 0.355 87
86 2 0.495 85 0.519 12 117 FATL 1508 0.509 78 0.354 90
87 Hepga s 0.607 34 0.357 85 118 1128 0.455 102 0.622 4
88 13-1044 0.667 16 0.354 91 119 THES3 5 0.607 35 0.425 45
89 2012QX-18 0.678 12 0.455 27 120 £ 132 0.562 61 0.409 60
90 T 629 0.673 14 0.451 30 121 L 8043 0.604 38 0.318 111
91 08X1271 0.567 54 0.416 51 122 B 10A7 0.506 80 0.306 115
92 T4 0.492 87 0.411 57 123 $2-3 0.455 103 0.353 92
93 15 0.451 108 0.416 52 124 S2-4 0.566 57 0.257 133
94 T 105 0.581 46 0.424 47 125 S2-14 0.755 1 0.275 128
95 THR15149 0.563 60 0.389 69 126 S3-4 0.535 69 0.414 55
96 Bii45 0.659 17 0.329 107 ||127 $3-11 0.513 77 0.390 66
97 THES1 S 0.711 5 0.371 77 128 B 0.458 100 0.326 108
98 AT 0.685 9 0.464 22 129 HRES1S 0.653 19 0.389 68
99 HP392 0.566 58 0.253 134 130 FAKE3 5 0.456 101 0.339 104
100 B394 0.368 127 0.442 36 131 Tkt 807 0.502 83 0.113 139
101 Bk 0.226 137 0.236 136 132 FAIE 899 0.606 36 0.415 53
102 25 0.506 79 0.401 65 133 TFE59 0.669 15 0.361 83
103 i 804-15 0497 84 0.219 138 134 SIEAT 28 0.583 43 0.303 118
104 117 86 0.520 74 0.497 16 135 W6 0.412 117 0.314 112
105 B RS 0.381 123 0.343 100 136 11769 0.398 119 0.280 125
106 P30 5 0.567 56 0.340 103 137 A K 888 0.459 98 0.292 123
107 R 23 5 0.570 52 0.248 135 138 WA 867 0.574 50 0.373 76
108 B 8 5 0.742 3 0.367 79 139 R 268 0.464 94 0.297 121
109 K15 0.528 72 0.270 130

D AR BERINEEE TN DIE, D, (RS0 BUE SRR IV ZE G PR DIH

mn

D, value indicates the combined evaluation D value for yield traits, and D, value indicates the combined evaluation D value for mineral nutrient traits

mn
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Fig. 2 Cluster analysis results of 139 japonica rice germplasm accessions
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