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Biological Characteristics and Breeding Utilization of
Fivelndica-Compatible Japonica Germplasms

WEI Xin-yu, ZHANG Shou-gang, XU Xu-ming, ZHUO Wei, MA Bin-lin
( Rice Research Institute, Sanming Academy of Agricultural Sciences , Fujian Sanming 365500 )

Abstract: In this study, the biological characteristics and breeding applicability of five indica-compatible
japonica germplasm ( Minghui413, Minghuil616, Minghuil707, Minghui512 and Minghui 509 ) have
been studied, which will provide theoretical reference for the future breeding of indica-compatible japonica
germplasmand the heterosis utilization of the indica-japonica inter-subspecific hybrids. Five germplasmshowed
longer growth period, moderate plant height, erect panicle type, small panicle, dense grain setting, increased
effective panicles per plant, high setting percentage ( >75% ) and medium grain size.The analysis using
the Cheng's indexes showed that Minghui413, Minghuil616, Minghuil707 and Minghui512 belonged to
japonicalinous, while Minghui509 belonged to japonica. In addition, these germplasm showed a good indica
compatibility. For instance, the seed setting rate of F, by crossing with the two-line indica sterile line was >75%
with a highest value of 89.80%. These germplasm are able to restore the fertility of indica CMS lines ( WA type,
YS type, and K type ) , and the seed setting rate was >80%.Moreover, the flag leaves of the five germplasm
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accessions could maintain a higher photosynthetic rate in the later period of growth and breeding, beneficial to
the filling and fullness of grains.Except DSH ( Duration from seeding to heading ) , plant height and 1000-grain
weight, the heterosis of five indica-compatible japonica germplasms showed competitive performance in
panicle length, effective panicle per plant, total grain number per panicle, seed setting rate, number of primary
branch rachis and number of secondary branch rachis per panicle. Among them, panicle length, primary branch
rachis number, secondary branch rachis numberand total grain number per panicle all showed more than 10%
competitive advantage. Indica-japonica hybrid rice Hualiangyou3716 and Huanliangyou3707, developed
from two-line indica sterile line Hual037S and the indica-compatible japonica germplasms Minghuil616 and
Minghuil 707 were registered and released by Fujian Provincial Crop Variety Appraisal Committee.The yield
production of these two varieties was significantly higher than that of the control. Therefore, this study reported

the five indica-compatible japonicagermplasmaccessions, which showed good indica compatibility and broad

restoring spectrum with a good prospect in the subspecies heterosis utilization.

Key words: indica-compatible japonica germplasm; indica and japonica differentiation; indica compatibility;

restoring spectrum ; heterosis
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Table 1 The main agronomic characters of five indica-compatible japonica germplasms

PER AP 509 WK 413 Bk 1616 HIPK 1707 AP 512 C418
Traits Minghui 509 Minghui 413 Minghui 1616 Minghui 1707 Minghui 512 (CK)
1AV (d) DSH 84.3 +0.6b 80.7 + 0.6¢ 80.7 + 0.6¢ 81.3 +0.6c 93.7 £ 0.6a 743 +0.6d
B (em ) PH 118.8 +0.4a 110.3 + 1.5b 109.6 + 3.6b 96.3+ 1.7¢ 101.7 + 0.5¢ 1112 +6.1b
& (em ) PL 22.6+1.6d 28.9 +0.6b 255+ 1.5¢ 24.8 +0.9¢ 27.4+1.6b 31.5+3.0a
PR R EPNPP 10.0+1.7a 7.3 +2.1ab 8.7 +0.6ab 8.7 +2.5ab 9.3 +1.5ab 6.7+2.1b
FFESARTEL TGNPP 174.3 +29.5d 222.0+49.8cd  438.7+27.1a 204.7 +2.5¢d 368.3 +25.7b 256.7 +42.7¢
£550% (% ) SSR 79.4 + 6.8bc 89.0 + 3.8ab 80.0 + 9.6bc 89.4 + 2.6ab 76.9 +3.1c 94.9 + 1.0a
THiH (g) TGW 19.2 +0.8d 252+1.1b 16.5 +0.0e 22.8+0.1¢c 22.5+0.1¢c 27.4+0.1a
MG (g ) GWPP 16.6 = 1.1d 23.9+1.5¢ 22.5+0.6¢ 16.4+3.2d 31.4+1.2b 35.9+3.3a
B4 (em ) FLL 31.8+3.7b 41.8+3.5a 41.2+2.7a 43.4+49 40.5+2.3a -
5 (cm ) FLW 2.1+0.0b 22+0.1b 24+0.1a 22+0.1b 22+0.1b -
— KA PBRN 13.0+1.2d 14.2 + 0.4cd 16.4 + 0.8ab 15.5 + 0.4bc 17.2£0.7a 13.0 £ 0.0d
—RHAF K (cm ) PBRL 71.4£3.8b 108.1 +5.2a 105.1 +9.6a 119.5+2.4a 105.1 +4.9a 113.2+13.3a
ZIRKAEE SBRN 32.2+59¢ 45.1+4.7b 70.2 +3.8a 65.2+1.9a 61.9+2.7a 35.7 % 6.4¢
B (em ) SBRL 33.6+4.7¢c 66.0 + 9.6ab 78.8 + 12.8a 81.7+9.9a 80.6 +3.9a 527 +12.4b

BAE TR £ SRMEZEFRR  RETFREFORAE 0.05 K F2F BE; -  AdREE; T

Values were shown as mean + SD, different letters indicated that there are significantly different at the 0.05 level, - : Data is missing, the following

is the same. DSH: Duration from seeding to heading, PH: Plant height, PL: Panicle length, EPNPP: Effective panicle number per plant, TGNPP:
Total grain number per panicle, SSR: Seed setting rate, TGW : 1000-grain weight, GWPP : Grain weight per plant, FLL: Flag leaf length, FLW : Flag
leaf width, PBRN: Primary branch rachis number, PBRL : Primary branch rachis length, SBRN: Secondary branch rachis number, SBRL: Secondary

branch rachis length, the same as below
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Table 2 Indica-japonica attribute of five indica-compatible japonica germplasms

PR AR 509 HHPK 413 HHY%R 1616 HH% 1707 IR 512 C418
Traits Minghui509 Minghui413 Minghuil616 Minghuil 707 Minghui512 (CK)
F#T Glume pubescence 3 2 3 4 2 4
1= Leaf pubescence 3 2 3 3 3 2
13 /2 )i Phenol reaction 4 3 2 2 4 4
1~2 475K Length of 1 and 2™ rachis 2 1 2 2 2 3
¥kt 5E e Grain length to width ratio 3 3 3 2 2 2
FlFERS 774 Glume color at heading stage 4 3 1 2 2 3
FELCHEHE /> Cheng's index total score 19 14 14 15 15 18

FilVEE )& P Indica-japonica attribute i Vv et Yo (i i
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Table 3 Seed setting rate of F,between five indica-compatible japonica germplasms and two-line sterile line of indica and

japonica (%)

4 B Name J"" 5 638 Guangzhan 63S SE21S N5088S

i1k 509 Minghui 509 86.40 +2.87 85.51 £+ 1.09 42.03 +4.25
AH% 413 Minghui 413 89.80 + 3.22 79.17 £ 1.20 65.14 £ 1.69
W11 1616 Minghui 1616 87.20+2.18 86.20 £ 2.81 37.90 + 1.48
HH4% 1707 Minghui 1707 87.52+1.93 83.45£2.88 3524 +4.14
Wk 512 Minghui 512 81.77 £2.69 86.99 + 1.84 5591 +1.59
C418(CK ) 48.72 +3.36 48.80 +3.21 92.45 + 1.46

F, L5 SR 75% L b, Fes I nT ik 89.80% , 1%
FEIAMEY 5 FrlE A SRR 5 A Al SO RIS Y
SR HIRE 1 43R B 5 =1 (R /KT, EAF 28 7= g HH i 22
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X F B ALY S5 1700 78 23 Al I AS S 0 8 X
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BMIIfeEiRA K, SR AL A 3R LUK
509 2% B =, IR 1707 A1 512 KB5S C418
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Table 4 Seed setting rate of F, between five indica-compatible japonica germplasmsand three-line sterile lines of different

indica types (%)
7 4:23A I 13A LA

fjnﬁ‘l’e Jin 23A Guangkang 13A 1324 Zh(l)ngjiu A K17A

BV 509 Minghui 509 86.04 £3.70 91.82£2.18 89.11 +3.18 88.13 £ 1.45 96.79 £ 1.16
AH% 413 Minghui 413 86.86 +£2.71 88.24 £ 1.18 96.11 £ 1.35 93.02 £ 1.34 92.67 £2.62
BH% 1616 Minghui 1616 89.95 + 1.46 91.10 £3.79 95.36 £ 2.88 92.79 + 1.34 91.52£2.18
BH% 1707 Minghui 1707 92.21+2.44 85.90 + 3.86 89.47 +3.15 86.72 £3.52 90.80 +3.19
AR 512 Minghui 512 83.17+£2.25 81.88 +2.04 95.87£3.22 87.05 +2.84 83.21 +3.04
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Fig.1 Comparative analysis of photosynthetic rate of flag leaf of five indica-compatible japonica germplasms at initial

heading stage and mature stage
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Table 5 Agronomic characters and heterosis of F,between five indica-compatible japonica germplasms and two-line, three-
line sterile lines of indica types
Wl vhe B RRRA B 4590k TRES Ik TR FLR
(d)  (em) (em) %L SoR%k (%) (g) Hoig Ao BE (g)

% WG

Serial number Cross combination

DSH PH PL  EPNPP TGNPP  SSR TGW PBRN SBRN GWPP
1 I 63S x WK 1707 77 100.8  27.0 8.7 2607 925 22.9 14.6 552 478
2 I 638 x WK 512 78 108.1 239 11.7 2547 874 25.5 152 58.6 66.1
3 J7i 63S x WMk 1616 72 1.7 279 9.3 2293 91.2 22.1 15.0 58.7 43.1
4 I 638 x IAK 509 74 121.8 250 6.3 188.7 90.4 253 13.0 36.3 27.3
5 I 638 x WK 413 68 1120 239 8.3 2323 96.5 28.5 11.4 40.4 532
6 TP 13A x B 1707 85 1063 268 11.7 274.7 772 26.1 143 45.1 64.7
7 J7Ht 13A x B 512 87 114.9 253 11.7 252.0 68.5 26.3 16.3 40.8 53.0
8 I Hi 13A x IR 1616 84 1224 252 10.7 285.3 87.8 22.6 153 59.1 60.5
9 JHL13Ax Bk 509 83 1283 222 9.0 211.7 90.5 27.4 143 420 473
10 JH13A x WK 413 76 117.6 26,6 9.7 189.7 76.2 28.1 13.4 65.2 39.3
11 LA x BIfR 1707 83 1140 267 8.3 267.3 82.1 214 16.4 59.2 39.1
12 LA x K 512 84 1059  26.1 7.0 2540 704 228 17.9 64.9 28.6
13 LA x WK 1616 81 130.9 292 6.3 302.3 91.1 21.2 16.1 58.7 36.9
14 LA x K 509 79 1377 27.1 6.7 187.3 86.5 23.9 15.7 47.1 25.9
15 LA x Bk 413 69 114.1 29.8 6.7 220.0 93.0 24.9 15.6 44.6 33.9
16 4 23A x WKk 1707 81 105.8 28.7 8.3 225.3 90.5 24.4 16.2 50.2 41.4
17 42 23A x WK 512 79 1085 293 12.7 253.7 732 25.5 17.3 56.3 59.9
18 4 23A x THI% 1616 76 1183 299 10.3 2433 89.9 252 17.2 58.4 57.0
19 4 23A x WK 509 78 1343 258 9.7 256.3 82.7 25.5 162 429 52.3
20 45 23A x 1K 413 70 1046 273 103 153.0 769 26.6 143 33.8 323
21 SE21S x W% 1707 80 106.1 264 13.3 174.3 80.4 254 16.2 57.4 47.6
22 SE21S x W%k 512 82 1103 28.0 7.3 218.3 89.7 25.6 15.8 56.2 36.7
23 SE21S x W%k 1616 77 1303 287 7.0 288.0 755 21.7 15.8 57.9 33.1
24 SE21S x WK 509 81 1351 24.4 8.0 195.7 83.8 247 14.1 44.1 324
25 SE21S x WI#%k 413 80 1340 265 7.3 216.3 65.8 23.4 15.0 51.1 24.4
26 11-32A x W% 1707 84 101.1 242 10.7 214.7 85.5 225 15.3 48.6 44.1
27 11-32A x B 512 85 1033 244 73 179.7 89.2 24.7 16.0 46.7 29.0
28 11-32A x W% 1616 80 122.1 267 7.3 266.7 95.4 232 17.8 56.9 432
29 11-32A x W% 509 86 1415 258 11.0 246.7 62.6 21.8 17.4 49.6 37.1
30 11-32A x B4 413 73 1192 264 6.7 1783 96.1 26.0 17.1 89.1 29.7
31 91418 (CK) 105 123.3 23.7 8.6 186.8 83.2 26.6 13.6 419 353

32 TR (%) 247 -4.8 11.9 5.0 23.5 0.9 -79 143 253 19.5
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Table 6 Performance in regional test of intersubspecific hybrid rice combinations using the indica-compatible japonica

germplasm
= cer 4 hm? fi g e e T =
SRR PN 2H P t; hm‘ﬁ g?’f, B T FEEZ It CK
o H(d) (em) BUREEL JE R (%) (g) (kg/hm®) (%)
Tested year Cross combination
WGP PH EPNPH TGNPP SSR TGW Y CwWC
2018-2019 1EWith 3716 126.5 117.5 22x%x10° 193.2 79.4 23.7 8327.1 4.1
(4 1037S x HHK 1616 )
FAE 673 (CK) 126.7 126.0 2.5%10° 144.7 76.0 31.8 7995.9 0.0
2019-2020 1EWith 3707 124.7 104.3 2.5%10° 178.0 73.8 27.1 7943.4 6.0
(£ 1037S x HIK 1707 )
B 673 (CK) 126.6 119.8 2.4x%10° 138.0 78.6 31.2 7492 .4 0.0

WGP : Whole growth period, EPNPH : Effective panicle number per hectare, Y: Yield, CWC: Compared with control
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