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netic, environmental, and selection factors affecting the progeny of japonica hybrid rice in cold regions. A conceptual model
and evaluation system for the selection of progeny of japonica hybrid breeding in cold regions with 1 target, 3 criteria, and 18
indices was constructed, and the objective entropy weight and efficacy score were used to evaluate the comprehensive index.
The results indicated that nine generations of hybrid offspring of ‘Suijing 18 crossbreeding showed the highest weight of neck
blast, followed by lodging level, and the lowest was seed setting rate. The indices of resistance to panicle blast, lodging level,
and percentage of empty shell were the most important factors for selecting hybrid progenies in cold regions. In the PSR sys-
tem evaluations, the order of influence was the response subsystem (0.6867) > the state subsystem (0.2651) > the pressure
subsystem (0.0482). Meanwhile, the coefficient of variation of the index values ranged from 0 to 200.4%, which was beneficial
for enhancing the breeding efficiency of progeny selection through a wide range of variation. The response, stress, and state
subsystems were related. Dynamic changes in the environmental pressure conditions represented an important factor to pro-
mote changes in the response and state subsystems. The weight analysis of hybrid progeny showed that the order of influence
of environmental pressure was neck blast > irrigation water temperature > planting density > fertilizer application. Compared
with the current plant-type improvement theory and methods for hybrid offspring character selection, applying the PSR hybrid
progeny selection theory and methods on rice breeding in cold regions effectively overcame the problems of multi-optimal trait
aggregation, identification, and low selection efficiency due to the lack of breeding experience, qualitative and quantitative
combinations, more emphasis on trait selection, and poor response decision making. Systematic, dynamic, and objective sci-
entific planning, with accurate and efficient design, evaluation, and decision-making was realized by PSR, which was concise,
practical, efficient, and operational. According to the ecological characteristics of rice farming in cold regions, the variety
selection based on natural conditions in different regions differed. The state and response indices in the evaluation system
should be adjusted when the theory and method presented here are used to select the hybrid offspring of rice. These principles
and methods can also be used in soybean, corn, and other crops, all of which require further exploration. The results of this
study provide a useful reference and technical basis for accelerating the breeding of new rice varieties with high quality, high
yield, multi-resistance, and wide adaptability in cold regions.

Keywords: Japonica rice in cold region; Hybrid offspring; Pressure-state-response model; Entropy weight; Conseptual selec-
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, ,pH 6.9, 5) F, 24
37.7 gkg™! 24 g'kg™! 0.5 gkg™ , 200 (4, 5 m), ,
20.6 gkg' 162.4 mgkg OFP+ODP+ORP+FWP F; F,
16.5 gkg™ 156.84 mg-kg™ Fs Fe , 482 , 80
2.2 2 ., 4 m), , OFP+
2.2.1 ODP+ORP+FWP  OFP+ODP+ORP+OWP  OFP+
¢ 18’ 2002—2010 ODP+ORP+OWP  ODP+ORP+OWP+OFP
F, F; F4 Fs F¢ F; 1 2 F; 43 , , 500
3 9 ¢ 4 10 m), ORP+OWP+FDP+FFP
18’ 2014 1 2 3,
, 2015—2019 , ,20 15 m, 3
275 hm? 2018 68.2  hm’ , ORP+OWP+ODP+OFP ORP+OWP+
, 2018 ODP+OFP  FFP+FWP+FDP+FRP
2.3
2.2.2 2.3.1
1) (FFP: ,
famers fertilization practice) , 1
(OFP: optimal fertilization practice) ,
( N46%) ( P,0s546%, N 18%) , 18 ,
( K,033%) FFP: N 150 kg-hm™> 4 1, 3
P,0s5 60 kg'hm ?  K,0 50 kg-hm 2, 40% , 232
60% , OFP: 1) F, ,
FFP 10%, N 165 kg-hm?, P,0s ,
) ) FFP , 2500
2) (FDP: (¢ 10° 2500 ),
famers densities practice) 10° 1 d, +25
(ODP: optimal densities practice) FDP: 25 -m™ , g 1000 ; s
(30 cmx13.2 cm), 3 ; ODP: 38 ‘m? =( - )/ ; ,
(26.3 cmx10 cm), 1 F, F3 F4 Fs F¢ F, , 1
3) (FWP: 2 3 ,
famers water irrigation practice) 14% ; ,
(OWP: otimal water irrigation prac- ,
tice) FWP: , , 1 (61°~90°) 2 (46°~60°) 3
24 ; (40°~45°) 4 (39°~0°); ,
OWP: 17~18 ; , 1996
( 20d , 6: 00—17: 50, 25 cm Standard Evaluation System for
), FWP Rice s s
4) 0 ( ) 1 (<5%) 3 (5.1%~15%) S
(FRP: famers rice blast practice) (15.1%~30%) 7 (30.1%~50%) 9 =50.1%);
(ORP: optimal rice blast practice) GB/T 17891—1999
FRP: , , JMNJ
1 ; ORP: , , TP-JLG ES-E120A
<795, , LTIM
1x10°  -mL"™' PMWT
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F1 BRIRBEEMARBREZRENEN-RFS-MEEPSR)IFMIEREFR

Table 1  Pressure-state-response (PSR) evaluation index system for breeding hybrid offspring of Japonica rice in Heilongjiang

Province
Target layer Crllterlon Index layer Index definition
ayer
( 17~18 ) ( )
Pressure X Lo Irrigation water includes cold water (17—-18 ) and warm water (natural river
Irrigation water temperature ()
water).
Selection of
hybrid X . L oy . . . i
offspring Fertilizer application rate (kg-hm ) Application rates of nitrogen, phosphorus and potassium fertilizers
materials for
Japonica rice X B
pon'ca 1l } Panicle blast (10°-mL™") The spore suspension was sprayed in the test area to induce panicle blast.
breeding in
cold region — i % )
X.
¢ Planting density (holes-m2) Density = unit area / (plants spacing x rows spacing)
Xs . Determined by percentage of the tilted plant population area to the total popu-
State Lodging level lation area and the tilt of the individual plant
X =10
®  Active accumulated temperature () Sum of temperature above 10 during the growth period of rice
X 14%
7 Yield (kg-hm Calculated with actually measured yield and 14% standard water content
X3 . . . . . .
Gel consistency (mm) An index to evaluate the colloidal properties of rice starch gelatine
Xo . . N S
Amylosecontent (%) Affect the change of taste and viscosity during rice gelatinization
Xio . . . . .
Whole rice rate (%) Weight percentage of polished rice to total rice
() “Standard Evaluation System for Rice”(1996 )
X Panicle discase index (level) Evaluate according “Standard Evaluation System for Rice” released in 1996 by
the International Rice Research Institute
X 1000
2 1000-grain weight (g) Weight of a thousand grains of rice with full grain expressed in gram
X3 . . .
Empty shell rate (%) Indicate the rice seed setting
X
1 Brown rice rate (%) Weight percentage of brown rice in total rice
Xis L . - . . . . .
Tillering ability (ear-plant ') Indicate the ability of tillering after the basic seedling matures
(F2—Fs Fy )
Response Xi6  Selection rate of offspring materials Percentage of selected descendants to the total number of plantings (individual
(%) plants of F,—Fg, strains of F; and later generations)
X
7 Field management level (fraction) Effect of the implementation of planting plan
X
' Survey test level (fraction) Results of field determination and laboratory test analysis of various traits
2) , ) (80~89 )  (60~79 ) (50 );
b 2
, , (90~100 )
(80~89 )  (60~79 ) (50 )
, , 2.3.3
: , 2002—2010
, (90~100
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, 1.5 ,
MATLAB (R2017a) (Xs),
3 BN 0.2575 0.1845 0.1537 0.1782
0.1551 0.1053 0.1499 0.1126  0.1124, F,
3.1 ,
‘ 18° ,F,F, 1~3 9 ’ F,
’ (X13),
; 0.1573 0.0630 0.0493 0.0473 0.0387 0.0290
(Xs) (Xo) 0.0407 0.0269  0.0260, F, ,
(Xll) (Xl3) H S
(X6) (X7) (Xs) (X10) , F,
(X12) (X14) (X15) F,—Fs 3
» (M=), (X19) (X12) (Xo), F
() €2 C 3 (X14) (X12) ), 1~3
( 3 (X12) (Xo)
, F,—Fs 5 5 B (),
), (R) ,
e : ,
(X17) (X19)
. Ex ’ , ’
4800 498 ; F, 266 , ,
21 280 , 30 134 ,
; Fy 100 8000 , 3 JF, 498 ,
24 113 ; Fs 57 0.5 266, 5.5%; F; 134
4560 , 20 98 ; Fe , 0.6 100
59 4720 ) 20 0.5%; F, 113 , 0.6
90 ; Fy 43 21500 ) 57, 0.7%; Fs 98 ,
4 400 ( ); 0.6 59, 1.3%; Fg
10 , 2 , 90 , 0.8 43
2450 , , 0.9%; F7 43 , 4 ,
10 , 1~3 2 , 4.7%;
,F, F, 1 10 20 ,
95 95 0.7 10 , 50.0%;
F,—F, 1~3 2 10 , 0.7
95 97 8 , 80.0%; 3 8
2 , Fo-F; 1~3 9 , 0.9 2 ,
X)) , 25.0% 3 , 3
0.5047 0.6929 0.7530 0.7229 0.7778 0.8482 , jd10-003 ( F,
0.7969 0.8481  0.8463, 50%  07-078) 2011 2013
, , , jd07-078 331
, , =10
F,—F, 2450 ,3 8213.7 kg-hm %
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R2 CHEI®KBREBEIRES F,-F, REES 13 EXAXERM 11 MEMIEFREE
Table 2 Weights of 11 evaluation indicators of hybrid offspring materials of F,—F; and the ﬁrst to third years of appraisal during
breeding and selection of rice cultivar ‘Suijing 18’

1 2 3
Indicator F, F3 F4 Fs Fg F; First year of Second year of Third year of
appraisal appraisal appraisal
Xs 0.2575 0.1845 0.1537 0.1782 0.1551 0.1053 0.1499 0.1126 0.1124
X 0.0024 0.0020 0.0015 0.0009 0.0008 0.0006 0.0004 0.0003 0.0001
X7 0.0182 0.0084 0.0063 0.0019 0.0012 0.0003 0.0011 0.0004 0.0005
X3 0.0066 0.0035 0.0028 0.0041 0.0012 0.0006 0.0005 0.0003 0.0007
Xo 0.0062 0.0055 0.0070 0.0083 0.0032 0.0016 0.0015 0.0002 0.0001
Xio 0.0045 0.0028 0.0020 0.0028 0.0020 0.0014 0.0010 0.0003 0.0004
Xu 0.5047 0.6929 0.7530 0.7229 0.7778 0.8482 0.7969 0.8481 0.8463
X2 0.0019 0.0005 0.0003 0.0006 0.0005 0.0003 0.0002 0.0002 0.0003
Xi3 0.1573 0.0630 0.0493 0.0473 0.0387 0.0290 0.0407 0.0269 0.0260
Xia 0.0014 0.0006 0.0007 0.0005 0.0004 0.0003 0.0006 0.0003 0.0003
Xis 0.0392 0.0363 0.0235 0.0326 0.0191 0.0126 0.0073 0.0104 0.0129
Xs: 3 Xe: 5 X7 3 Xs: 3 Xo: 5 Xio ;X 5 Xz 3 Xis: ;
Xig: s Xis: Xs: lodging level; X: active accumulated temperature; X7: yield; Xg: gel consistency; Xo: amylose content; X;o: whole

rice rate; X;;: panicle disease index; Xj,: 1000-grain weight; X3: empty shell rate; X;4: brown rice rate; X;s: tillering ability.

F3 ERISKBREBEIREDP F,-F, REEF 13 ERLTRRAMBNIBEERESHF
Table 3 Comprehensive indexes and ranking of the hybrid offspring materials of F,—F7 and the first to third years of appraisal of
during breeding and selection of rice cultivar ‘Suijing 18’

Code Cqmposite Order Code Cqmposite Order Code Composite Order Code Cqmposite Order
index index index index

02-2350 0.9184 1 04-4002 0.9652 4 06-6045 0.8153 40 jd08-009 0.0419 18
02-2161 0.8929 2 04-4077 0.9633 5 06-6049 0.8128 41 jd08-018 0.0395 19
02-2435 0.8844 3 04-4075 0.6545 53 06-6067 0.8101 42 jd08-016 0.0378 20
02-2057 0.8760 4 04-4010 0.6529 54 06-6060 0.8036 43 jd09-005 0.9956 1
02-2417 0.8751 5 04-4101 0.6509 55 07-7078 0.9988 1 jd09-010 0.9778 2
02-2223 0.5092 262 04-4050 0.6459 56 07-7051 0.9790 2 jd09-003 0.9736 3
02-2246 0.5051 263 04-4104 0.6350 57 jd08-007 0.9930 1 jd09-004 0.7098 4
02-2392 0.5033 264 05-5061 0.9833 1 jd08-014 0.9852 2 jd09-007 0.7055 5
022380 0.5022 265 05-5009 0.9698 2 jd08-020 0.9692 3 jd09-006 0.7048 6
02-2453 0.5002 266 05-5003 0.9686 3 jd08-003 0.7261 4 jd09-002 0.7043 7
03-3137 0.9548 1 05-5065 0.9662 4 jd08-013 0.7255 5 jd09-009 0.7033 8
03-3112 0.9402 2 05-5048 0.9639 5 jd08-011 0.7214 6 jd09-008 0.6851 9
03-3076 0.9341 3 05-5019 0.6315 55 jd08-002 0.7196 7 jd09-001 0.5923 10
03-3047 0.9336 4 05-5006 0.6298 56 jd08-010 0.7152 8 jd10-003 0.9944 1
03-3030 0.9181 5 05-5075 0.6275 57 jd08-019 0.7113 9 jd10-008 0.9908 2
03-3115 0.6246 96 05-5099 0.6259 58 jd08-012 0.7107 10 jd10-002 0.7117 3
03-3039 0.6210 97 05-5035 0.6246 59 jd08-004 0.6895 11 jd10-004 0.7089 4
03-3005 0.6167 98 06-6036 0.9853 1 jd08-017 0.5755 12 jd10-005 0.7071 5
03-3083 0.6122 99 06-6003 0.9827 2 jd08-007 0.5551 13 jd10-007 0.6925 6
03-3064 0.6081 100 06-6024 0.9819 3 jd08-006 0.1881 14 jd10-006 0.6845 7
04-4004 0.9757 1 06-6019 0.9811 4 jd08-015 0.1834 15 jd10-001 0.5783 8
04-4033 0.9684 2 06-6048 0.9797 5 jd08-008 0.1682 16

04-4028 0.9657 3 06-6029 0.8176 39 jd08-005 0.0438 17

« ” s 02-2350 2002 F, 350 ,07-7078 2007 F, 78 , 1d08-007
2008 1 7 ,jd10-003 2010 3 3 The “code” in the table shows the field code of the hybrid

offspring materials, for example, 02-2350 is the No. 350 material of the F, generation in 2002, 07-7078 is the No. 78 material of the F; generation in
2007, Jd08-007 is the No. 7 material of the first year of appraisal in 2008, and Jd10-003 is the No. 3 material of the third year of appraisal in 2010.
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67.2%~72.3%, 4%~10%, 0.8%~ (X)), F4+F, 1 2 OWP
2.6%, ( ) 17.67%~19.11%, , FWP ,
70~73 mm, 80 17~24 | 17.0%  0.0121;
;3 3 (Xs),  F»—Fs 1
1, 1 3 2 ODP , FDP
4.94%~8.59%; , 2012 « ” , 25~38 holes'm 2,
, 7.0% 0.0023; 4 (X2),
, ¢ 18 F,—F 1 2 OFP ,
, , FFP , 260~275 kg-hm 2,
, ) 4.5%  0.0009 ,
, , PSR ,
3.2 PSR ,
2.5%~58.7%, ,
, (DH)—(4) 0.0003~0.1733,
F,—F, 1 2 3 9 11 ,
18 , 4 X11) 0~5.0%,
PSR 0~200.4% (58.7%), 0.1733;
, , (Xs), 1.0~3.0, 35.9%,
, 0.0523; 3 (X13),
, PSR 2.4%~28.1%, 24.0%, 0.0243;
, 4 (X15), 10.0~24.0
0.0482, 0.2651, 14.0%, 0.0080; 5 X7),
0.6867 , 5706.2~9800.1 kg-hm 2, 8.0%,
(X16) (0.6867), 0.0027; 6
(X11, 0.1733), 3 (X12) (X19)< (Xo)< (Xi0)<
(X5, 0.0523), 4 (X3)< (Xo), 0.0003
(X;, 0.0329), 5 0.0003 0.0004 0.0008 0.0012  0.0015,
(X1, 0.0243) (X17) 2.5% 2.5% 3.3% 4.5% 53% 6.1%
X1s), 0.000 , , ,
, PSR ,
> > , S
4.5%~20.1% , , (X14) (X10) (Xs)
0.0009~0.0329 , (Xo) ,
4 ,
(X3)> (X1)>
(Xa)> (X2) ) (X3) ) (X15)
F,—F, 1 2 ORP , , ,
3 FRP , 0~1x10>mL"",
5 5 (X17)
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(X1g) 95.0 95.7 , PSR , PSR
, 95.0~95.0  95.0~97.0, ,
, 0 1.0%, , )
0.000 (X16) ,
0.5~80.0, 200.4%, (X16)
, F,—Fs , PSR s
, 5.5% 0.5% 0.7% 1.3%
0.9%; F, s 4.7%; s s
1 — 3 ,
50.0% 80.0%  25.0% (X16) ,
0.6867, ,

R4 HERISKEEEIREPRZTBREN-KRE-WE(PSR)IFMN AR 18 B KAVIERE. FRHEMNE
Table 4 Values, information entropies and weights of 18 indicators of pressure-state-response (PRS) evaluation system of hybrid
offspring materials during breeding and selection of rice cultivar ‘Suijing 18’

C )
Cri:;i(i);lhlta;yer Indicator Unit Range Average g;i?i?éi Coefﬁcierzi/sf variance Ini(:lrtrrxz)ag}ilon Weight
X [17,24] 20.6 3.5 17.0 0.9979 0.0121
Pressure X> kghm™? [260, 275] 282.9 12.7 4.5 0.9998 0.0009
(0.0482)
X3 x10>mL™! [0, 1] 1.0 0.2 20.1 0.9942 0.0329
Xy ‘m? [25, 38] 37.4 2.6 7.0 0.9996 0.0023
X5 [1.0,3.0] 1.5 0.5 35.9 0.9908 0.0523
State Xs [2100, 2650] 2440.7 79.4 3.3 0.9999 0.0004
(0-2651) X7 kg-hm™ [5706.2, 9800.1] 7955.1 635.5 8.0 0.9995 0.0027
Xs mm [60.1, 82.5] 73.5 3.9 5.3 0.9998 0.0012
Xy % [14.6,22.3] 17.5 1.1 6.1 0.9997 0.0015
Xio % [61.1,75.3] 68.9 3.1 4.5 0.9999 0.0008
Xy [0, 5.0] 2.3 1.4 58.7 0.9696 0.1733
Xia g [24.0, 27.5] 26.0 0.7 2.5 1.0000 0.0003
Xi3 % [2.4,28.1] 14.3 3.4 24.0 0.9957 0.0243
Xia % [72.3, 87.3] 81.4 2.0 2.5 1.0000 0.0003
Xis ear-planf] [10.0, 24.0] 15.8 2.2 14.0 0.9986 0.0080
Xie % [0.5, 80.0] 5.2 10.5 200.4 0.8795 0.6867
Response Xi7 fraction [95.0, 95.0] 95.0 0.0 0.0 1.0000 0.0000
(0.6867)
Xis Fraction [95.0, 97.0] 95.7 1.0 1.0 1.0000 0.0000
Xi: s Xo: 5 X s Xy 5 Xs: 5 X s X7 5 Xg: 5 Xo:
5 Xio: 3 X 3 X 5 Xis: 3 Xia 3 Xist ; Xie! ; Xi7: ;
Xis: X,: irrigation water temperature; X,: fertilizer application rate; X3: panicle blast; X4: planting density; Xs: lodging level; X: active

accumulated temperature; X7: yield; Xs: gel consistency; Xo: amylose content; Xjo: whole rice rate; X;,: panicle disease index; Xj,: 1000-grain weight;
Xi3: empty shell rate; Xj4: brown rice rate; Xjs: tillering ability; Xj6: selection rate of offspring material; X;7: field management level; X;s: survey test
level.

4.1 t] PSR
PSR , ¢ 18

[34]
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18 1~3 50.0% 80.0% 25.0%,
; 3 . (25%~80%) ,
(0.6867), .
(0.0000), F,
, 120~150
[35-37] , ,
’ [1] , ,
, PSR ,
0~200.4%, 0.0482, ,
0.2651, 0.6867, ,
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