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The Development Trend and Countermeasures on Head Rice Rate of Indica Rice in Southern China
Z0U Yu, QIAN Bao-yun, ZHAN Xin-chun et al
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Abstract Through the statistics of the detection data of Indica rice head rice rate in southern China from 2009 to 2018 ,we found out that the
head rice rate of Indica rice varieties was decreasing year by year, which indicated that the head rice rate had restricted the development of
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high-quality Indica rice. We analyzed the influence factors of quality trait inheritance, ecological environment, cultivation mode, fertilizer and
water management,rice processing,and put forward corresponding countermeasures. Combined with the practice of the breeding of good quality
Indica conventional rice varieties and good quality Indica hybrid rice,the breeding of good quality Indica rice was prospected. It was of great
significance to improve the head rice rate of Indica rice varieties in southern china,to enhance the benefit of Indica rice planting and process-

ing,and to ensure the food security of China and enhance the competitiveness of Chinese rice in the international market.
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Table 1 The changes of rice quality indexes of Indica rice in southern China from 2009 to 2018

FKE K Head rice rate//% Bk 2% Brown rice rate//% JE KR Chalkiness rate//%

. v M el i v W fEh p vt BT i
e BRI OBAE ek e omx o AT mx omx omx o AT gk mx o mx
Year i South  Central Southwest S South  Central Southwest e South  Central Southwest
amotnt Overall China China China rice Overall China China China rice Overall China China China rice
mean . . mean . . mean . .
rice area rice area  area rice area rice area  area rice area rice area  area
2009 2282 56.3 55.5 55.5 60.5 80.6 81.0 80.3 81.0 4.7 43.4 47.8 28.7
2010 2439 55.8 57.5 54.5 59.1 80.9 81.3 80.7 81.6 45.3 39.3 48.5 43.3
2011 3 564 52.3 52.9 52.1 53.7 80.5 80.7 80.4 80.7 46.4 40.5 48.2 50.6
2012 3 564 53.4 52.8 53.5 53.8 80.8 81.2 80.7 80.5 47.2 44.0 47.7 51.2
2013 3 564 52.3 52.3 52.1 51.9 80.5 81.1 80. 1 81.1 34.4 30.5 34.7 38.3
2014 3 564 52.1 54.5 50.4 53.7 80.9 80.5 81.0 80.7 35.0 23.0 36.0 37.0
2015 3564 51.8 53.3 51.0 49.5 80.6 80.8 80.7 80.2 31. 1 24.9 33.6 25.4
2016 3743 51.2 52.9 52.1 47.0 81.0 81.1 81.1 80.6 23.8 23.2 22.8 24.4
2017 3743 54.8 56.9 55.7 51.7 80.8 81.3 80.8 80.8 23.8 21.2 23.0 29.3
2018 3743 53.5 55.4 51.2 54.2 81.2 81.7 81. 1 81. 1 17.2 14.5 17.8 19.0
I Chalkiness degree//% BHRE Transparency,//2% BlIE{E Alkali spreading value /2%
- =) e E‘ - 1 e ﬁ‘ . 1k = E‘
) wer G g me wmer gl gl BN mer g B R
Year st South  Central Southwest i South  Central Southwest i South  Central Southwest
Overall China China China rice Overall China China China rice Overall China China China rice
mean rice area rice area area mean rice area rice area area mean rice area rice area area
2009 10.3 10.4 10.9 5.1 2.0 1.9 2.2 1.5 5.7 5.6 5.7 5.9
2010 9.8 6.4 10.7 10.2 2.4 2.1 2.6 1.9 5.5 5.5 5.5 5.4
2011 8.6 6.8 9.2 9.4 1.9 1.7 2.0 1.9 5.9 5.7 6.0 5.7
2012 8.4 7.0 8.7 9.0 1.9 1.7 2.0 2.0 5.8 5.6 5.9 5.8
2013 6.1 4.8 6.4 7.2 2.1 1.6 1.7 1.6 5.6 6.7 6.6 6.9
2014 6.2 3.7 6.8 6.3 1.9 1.8 1.9 1.7 5.7 5.2 5.7 5.8
2015 5.3 3.9 6.0 4.1 1.7 1.7 1.9 1.4 5.6 5.2 5.6 5.9
2016 4.0 3.6 3.9 4.0 1.7 1.8 1.7 1.7 5.6 5.2 5.7 5.7
2017 4.0 3.4 3.9 4.9 1.7 1.7 1.8 1.6 5.7 5.6 5.7 5.9
2018 2.4 2.0 2.7 2.6 1.6 1.5 1.7 1.4 5.8 5.9 5.7 6.0
JEEHAREE Gel consistency//mm FHAETER &1 Amylose content//% B &+ Protein content//%
= = = 16 A 1
Year O\?e%ﬂ South  Central Southwest O\?egl South  Central Southwest Oi?eiall South  Central Southwest
China China China rice China China China rice China China China rice
mean rice area rice area  area mean rice area rice area  area mean rice area rice area area
2009 65.0 65.6 64.6 65.6 19.8 19.7 19.8 20.3 10.2 9.2 10.6 9.8
2010 67.9 70.8 64.8 73.3 19.1 18.7 19.2 19.2 10.3 9.5 10.8 9.4
2011 67.8 69.9 66.7 68. 1 19.4 18.7 19.7 19.9 9.9 9.1 10.2 9.6
2012 73.9 74.5 73.1 75.3 19.2 18.0 19.6 19.7 9.8 9.6 9.8 9.7
2013 74.7 76.6 73.9 74.9 17.8 17.2 18.0 18.4 9.8 9.6 9.9 9.8
2014 67.0 68.0 68.0 66.0 17.8 16.1 17.9 18.8 9.7 9.4 9.8 9.6
2015 73.8 76.5 72.3 76.8 18.1 16.6 18.7 16.9 9.8 9.0 9.6 9.1
2016 74.2 74.6 73.7 71.3 16.9 16.4 17.0 17.2 9.0 8.7 9.2 8.8
2017 71.6 74.2 69.3 72.8 17.0 16.6 17.0 17.3 8.0 7.9 8.4 7.1
2018 73.1 72.9 72.2 74.4 17.1 16.9 17.2 17.2 7.6 7.5 8.2 7.0

T GORK IR T P KRBT L SRR P BB & 0o 2 5 1 2010—2019 AR r KR Ml A St
Note : Data were from the 2010-2019 China Rice Industry Development Report by China National Rice Research Institute and National Research and Develop-
ment Center of Rice Industry Technology
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Fig.1 The trends of head rice rate in different types of Indica

rice in southern China from 2009 to 2018
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Table 2 Comparison of QTLS conditioning head rice rate

ot etk i m S Xk
Chr. Interval Combination Reference
qHR1 1 RM488 M 258/1R75862 [9]
1 RM499-RM1320 Lemont/O. rufipogon Griff [10]
qHrl 1 RM84-RM259 Teqing/ Lemont [11]
qghrl 1 RM140-RM5 Caipao/O. glaberrima [12]
1 RM431 IR64/ O. rufipogon Griff [8]
qHR2 2 RM250 M 258/1R75862 [9]
qHR-2 2 G1340-XNbp132 Asominori/IR24 [13]
2 RM263 IR64/ O. rufipogon Griff [8]
2 RG139-RZ273 Lemont/Teqing [5]
qHRR3 3 RM15139-RM15303 +77/IRBB [6]
qHR-3 3 C1677-C563 Asominori/IR24 [13]
qhr3 3 RM81-RM7 Caipao/ 0. glaberrima [12]
qHR-3 3 C515-C25 Nipponbare/ Kasalath [14]
3 C1087-RZ403 Zhenshan97/Minghui63 [7]
4 G271-C949 Lemont/ 5385 [5]
¢HRR5 5 RM592-RM437 ¥ /1RBB (6]
qHR5b 5 RM289 il 258/1R75862 [9]
qHR5a 5 RM161 i 258/1R75862 [9]
qHr5 5 RM159-gl-1 Teqing/ Lemont [11]
5 RM178 IR64/ O. rufipogon Griff [8]
5 C246-C1447 Zhenshan97/Minghui63 [7]
qHR-6 6 C688—-R2171 Asominori/IR24 [13]
qHr6 6 RM253-RM50 Teqing/ Lemont [11]
hr6 6 RM190-RM253 Caipao/ 0. glaberrima [12]
qHR-6 6 C1478-R2171 Nipponbare/Kasalath [14]
qhr6 6 RG653-RZ508 Lemont/ 4575 [5]
qHR-7 7 R2829-C39 Asominori/IR24 [13]
qHR-7 7 C261-C1057 Nipponbare/Kasalath [14]
qHr7 7 CD0497-BCD855 Lemont/ 4538 [5]
qHR-8 8 R727-G1149 Asominori/IR24 [13]
qhr8 8 RM126-RM137 Caipao/ 0. glaberrima [12]
qHR-9 9 C609-C506 Asominori/IR24 [13]
qHR10 10 RM311 il 258/1R75862 [9]
ghrl1 11 RM209-RM229 Caipao/ 0. glaberrima [12]
qHR12 12 RM235 | 258/1R75862 [9]
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Table 3 Correlation analysis between the head rice rate and other rice grain quality characteristics of Indica rice in southern China from 2009 to 2018
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X Brown Chalkiness Chalkiness Transp- Alkali spr- Gel Amylose Protein
Different areas . . .

rice rate rate degree arency eading value  consistency content content

JE 44 Total average 0.028 0.317 0. 497 0.457 -0. 109 -0.541 0.451 0.083
AEFGHLIX. South China 0. 406 -0.102 0.024 0. 484 -0. 198 -0.39% 0.190 -0.362
AErh[X. Central China -0.313 0.291 0.390 0.484 -0. 165 -0. 469 0.251 0.19%4
PERGHLIX. Southwest China 0.653 0.277 0.397 0.155 -0.222 -0.618 0.727" 0.257

s+ FRTE 0. 05 /KTl A%
Note: # indicated significant differences at 0. 05 level
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Table 4 Test results of head rice rate of high-quality Indica conventional rice

SRR AALKFE TR R SRR EHE JRE A BEEERY A
Variely name Ratio of grain Head rice Chalkiness Chalkiness ) Gel cons- Amylose
¥ length to width rate//% rate//% degree//% istency,//mm content//%

Bk 221 Yueyousimiao 3.4 70.8 6.2 1.3 75 19.3
B 5 Xinhuangzhan 3.4 69.5 8.1 2.1 84 18.1
[E4: 5 Gujinzhan 3.4 63.9 5.2 1.1 79 14.2
AR Y Yueyinruanzhan 3.4 63.2 9.3 1.2 75 16.0
S5 Average 3.4 66.9 7.2 1.4 78 16.9

[& 3 &5 Guguangyouzhan 3.6 62.9 6.7 2.1 70 15.5
8 227 Huangyuesimiao 3.6 62.8 10.6 3.6 68 18.1
a2 441 Yuemeisimiao 3.6 68.7 10.2 3.1 79 20.3
¢4 Qihuazhan 3.6 71.3 12. 1 5.0 80 18.2
S5 Average 3.6 66. 4 9.9 3.5 74 18.0
& b7 Nanjingxiangzhan 4.4 65.9 4.1 1.8 71 15.0

+ L% Shijiuxiang 4.3 63.4 2.2 1.1 74 15.5
PR 241 Zhenxiangsimiao 4.4 63.8 2.4 0.7 80 16.2
44 Average 4.4 64.4 2.9 1.2 75 15.6

ARk, R AO Bl B K RS o i 88 T R 4 ss
HIFEE R, SN AR AR R R R R T R SRS
A4, 2019 FEEC] 576 /LI 2% 2 MIRE 41 & FF S hUE
HHAhAE,S A 8 H AR, /NX AN 3. 24 m? B4/ X FfAE 90
T TG B, WA I 1 10 AN i PR 4 MRS 4B
* 10 MG IRREE 115 em B R ARBGE M H B 26, 38
PRBE T i 5 P BAE 1130~ 11,96 v/hm® , H500f BEE P 4 534

FE4.8% ~11. 3% ; I FlATE 8 A 5—15 H, & E & 135~
140 d 5 5 45 S A 14 i T B AR SR F 5 S R AT R 5
85.2% ~95. 2%,

JUE R I A5 T HES WO T PR R 3R, 58
AR N TSI, 2R FH /0N R0 i e AL B e, Bt T 5 A 5 PN
50 d A AT #EAT b B AT A DU A5 SR ANk S

£S5 RREZNBHSEBRERNER

Table 5 Test results of head rice rate of good quality Indica hybrid rice combinations

s AR I T WWIE TR
Code Combination Ratio of grain Head rice Chalkiness Chalkiness Gel cons- Amylose
’ source length to width rate//% rate//% degree//% istency,/mm content /%

T9-301 T848S/NP9-92 3.8 67.4 14.3 4.2 84.0 13.8
T9-303 T848S/NP9-146 3.8 66.2 17.3 5.2 85.5 13.7
T9-386 T577S/NP9-140 3.8 70.5 7.6 1.9 83.0 14.5
T9-443 T812S/NP9-140 4.1 68.2 9.5 2.6 83.0 14.6
T9-450 T812S/NP9-92 4.0 68.8 12.6 3.7 82.0 14.7
T9-455 T865S/NP9-140 3.8 68.4 7.3 2.0 82.0 14.7
T9-470 T865S/NP9-146 3.8 69.2 9.5 2.5 78.5 14.3
T9-518 T938S/NP9-92 4.0 68.3 6.4 2.2 81.5 14.9
T9-523 T861S/NP9-140 3.9 68.9 4.9 1.3 82.0 14.7
T9-545 T351S/NP9-92 4.1 69.0 10. 8 2.7 80.5 14.1
CK EWith 4 5 3.1 64.8 13.9 3.4 85.0 13.8
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