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Abstract: To investigate the relationship between grain-filling characteristics and grain weight of dif-
ferent wheat varieties in rice-wheat cropping area along the Huaihe River, 23 cultivars were used in
this study. The grain-filling process was simulated using the Richards model, to analyze the relation-
ships between grain weight, grain-filling characteristics, and grain phenotype. Results indicated that
grain weight and grain-filling parameters were predominantly governed by genotype. The theoretical
thousand-kernel weight(TKW) predicted by the Richards model closely aligns with the field-measured
values. Significant differences were observed among cultivars of differing grain-weight classes in terms
of maximum single-grain filling rate and average single-grain filling rate. Whereas, no significant
differences were detected in filling duration, number of active filling days, or the timing of peak filling
rate. Differences in grain-filling rates among the three grain-weight classes high-, medium-, and low-
grain-weight were primarily confined to the rapid grain-filling phase. The average grain-filling rate of

high-grain-weight and medium-grain-weight cultivars increased by 16. 94 % and 10. 34% , respectively,

Y H 397 :2026-01-31 & n1 B #1.2026-03-31

EETE .5 PR B3 H (20250060) 5 70 R 44 54 U 1) 8137 1 H (26 BXQXT056) 3 1] j 44 B4 B3 100 H (242102110196) 5 15
FH A b2 B T 41 O R 3 42 300 H (QN2023010)

% —{£3#& E-mail: Limin21006@163. com (2= )

BIAEHE E-mail:2302783824@qq. com (X L)



%5 10 30 25 BUAF TS E 22 DX/ S RO R 1 R 0 O R T + 1357 -«

compared with the low-grain-weight cultivars. The average grain-filling rate per single grain of the
high-grain-weight and medium-grain-weight types increased by 16. 01% and 10. 46 %, respectively.
Grain morphological traits including grain length, grain width, perimeter, and surface area also sig-
nificantly differed among grain-weight classes, consistently following the order: high-grain-weight >
medium-grain-weight > low-grain-weight, whereas there was no significant difference for the grain
length-to-width ratio among the cultivar groups. Correlation analysis revealed that TKW was signifi-
cantly and positively correlated(P <C0. 05) with grain length, grain width, perimeter, surface area,
and grain-filling rate, with correlation coefficients ranging from 0. 88 to 0. 99. In summary., this study
indicates that the synergistic differences in grain size(e. g. » grain length and width) and the rapid
grain filling rate during the rapid growth period are the main reasons for the grain weight differentia-
tion among different grain weight types of wheat varieties.
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Table 1 Information of wheat accessions used in this study

S AP Cultivar HEH B Breeding institute

P4 979 Xinong 979 Pt fe kBF B K2 Northwest ARF University
Hi % 255 Zhongmai 255  HE LB BE AR AEBF 28 BF Institute of Cotton Research of Chinese Academy of Agricultural Sciences

i i e . MEEEY S THEMRE S H B 2 8 M58 B R 7 Henan Crop Molecular Breeding Research
i 9134 Zhengmai 9134 Institute and Henan Zhongyu Molecular Breeding Research Institute Co. , Ltd.

B4 902 Yunong 902 T EE Al K2 Henan Agricultural University

FRAZ 379 Zhengmai 379 R & A Bl 22 B /N2 WF 58 fF Institute of Wheat Research of Henan Academy of Agriculture Sciences
J& % 33 Zhoumai 33 JE F AT Aol Bl 22 B Zhoukou Academy of Agriculture Sciences

B 158 Zhengmai 158 7 & 4\l Bl 2 g /N2 W 58 F Institute of Wheat Research of Henan Academy of Agriculture Sciences

y PEBMNFE ST (ERD B R TAT A 7 50/ A&k K% China Kweichow Moutai (Group) Distillery Co. »
B4 914 Yunong 914 Ltd. And Henan Agricultural University

A 1124 Annong 1124 LA K% Anhui Agricultural University

B4 207 Bainong 207 T B AR A BR A 7] 57 g A e Rl A FR 2y 7] Henan Bainong Seed Co. , Ltd and Henan Huaguan Seed Co. ,Ltd
th B2 616 Zhongkenmai 616 22 #2484 25 4l A BRZS 7] Anhui Yuanlong Eco-Agricultural Co. , Ltd.

# 4% 926 Yunong 926 TR Al K2 Henan Agricultural University

A 16 Zhenmai 16 VL5 T b XA VT AR L BL 24 WF 58 fIF Jiangsu Hilly Region Zhenjiang Agricultural Science Research Institute
#4905 Yunong 905 ] B 4l K 2% Henan Agricultural University

A 255 Yangmai 25 VLI B ) X R BF 22058 T Jiangsu Lixiahe Region Agricultural Science Research Institute

Wi R 9 %5 Wankenmai 9 %2 #UE B Aol B 5 A B2 %] Anhui Wanken Seed Industry Co. » Ltd.

FRF 0926 Zhengmai 0926 1] §g & A\ Bl 27 B /N 22 BF 58 FiF Institute of Wheat Research of Henan Academy of Agriculture Sciences

E S S (EBD A R 7T A A 5 W R ALk K 2% China Kweichow Moutai (Group) Distillery Co.
B4R 910 Yunong 910 Ltd. And Henan Agricultural University

§1% 578 Zhongmai 578 [ Rk B2 B AE YRR 2EWF 5T BT 5 o [ Rk B 2F B A AEAE 58 T Institute of Crop Sciences, Chinese Academy of

Agricultural Sciences and Institute of Cotton Research of Chinese Academy of Agricultural Sciences

Ji# 1% Wanmai 1 ] 7 FHAR O B3 A BR 2N 7] Wan Dan Liang Agriculture Group Co. , Ltd
Ji# 35 Wanmai 3 ] B 5 FH A A BB A BR A ) Wan Dan Liang Agriculture Group Co. , Ltd

R 1109 Longke 1109 27 8 B Fholb B 45 4 BR 2> @] Anhui Wanken Seed Industry Co. , Ltd.
K 1 45 Dapingyuan 1 ] 7 Bk 5 Bl BE 7 B 45 4 BR A H] Henan Qiule Seeds Technology.Co. »Ltd
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Table 2 Grain-filling parameters of the 23 cultivars

S ol V[ A5 5 R
Grain-filling parameter Mean Range CV/%
BIERE R, 0. 24 0.13~0.42 28. 39
SRRt ) T /d 35.70 32.52~40. 57 5.62
TRERE KB K% D/d 25. 66 21.33~28. 64 6.95
e K FE I TR B ] T o /d 16. 66 14.59~20. 40 9.47
BRI KHEI L Vi /(mg + d™ 1) 2.26 1.94~2.71 10. 99
R SR R Vie/(mg + d 1) 1.51 1.31~1.80 11. 14
P LT T S I S 2 KA 20 /d 10. 97 8.20~13.63 13.95
A T 52 T 408 30 ST M T 0 ik R {/l/(g. a1 0.68 0.55~0. 86 11.17
P L HE R I 5 2 R H 22/d 11.10 9.29~12.78 7.25
R SR BT B MV, /(g e d D) 1.99 1.69~2. 38 11.00
P RLHE K e I 2 R A 5 /d 13.63 8.95~19.59 17.50
R S R HE P B BV, /(g e d D) 0.56 0.46~0. 67 11. 07

R : Initial growth potential; T : Grain-filing duration days; D : Grain filling active days; T max: Occurrence time of the maximum

grain-filling rate; Vo..: Maximum grain filling rate per grain; V. :

Mean grain-filling rate per grain; ¢;: Grain-filling duration days in

grain-filling pyramid period; V;: Mean grain-filling rate in grain-filling pyramid period; 7, : Mean grain-filling rate in grain-filling rapid

increase period; V,: Mean grain-filling rate in grain-filling rapid increase period; ¢3: Grain-filling duration days in grain-filling slowly in-

crease period; V3: Mean grain-filling rate in grain-filling slowly increase period. The same below.
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Fig.2 Dendrogram of the 23 wheat cultivars
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—e— R EKAISLINE Measured value of high grain weight type

- —o- - EhEZEARIAH Fitted value of high grain weight type

—a— O ERAISTHIME Measured value of medium grain weight type

- —a- - PR FEZAIHI S 1E Fitted value of medium grain weight type
0 e IR E X ASTIME Measured value of low grain weight type

TFRIE 1 000-grain weight/g

asr . {RR EE SRR A{H Fitted value of low grain weight type

7 14

21 28 35

FEJ5 K%L Day after anthesis/d
B3 AEMELRBNETHREMLE
Fig. 3 1 000-grain weight of different grain-weight types of wheat cultivars
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Table 3 Parameters of Richards model under different grain-weight cultivars

A PR IR K T kL MAESE  EREESH BRSH WE P SE RAL
Type Alg B K N Fitting equation r’
[ A
High grain 42.13a 77.70a 0. 25a 1. 23a Y=42.13/[(1+77.70 X exp(—0.25 ))Y"**] 0.999" "
weight
Medium grain 39. 16b 47. 33b 0.24b 0.97b Y=39.16/[(1+47.33Xexp(—0.24 )] 0,999""
weight
fIAL
Low grain 38.10c 39. 26b 0.22¢ 1.01b Y=38.10/[(1+39.26Xexp(—0.22 )1 ] 0,999""
weight

R B B0 J AN TR] /N - B 7 A [ 6 0 ) 22 S ik 357K F (P <<0. 05) , & 5 [,

Different lowercase letters following data in same column indicate significant differences between types(P<Z0.05). The same in table 5.
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Table 4 Grain-filling parameters of the three grain-weight types of wheat cultivars

WK B (=R R A ik
Grain-filling parameter High grain weight Medium grain weight Low grain weight
BIGERKHE R, 0. 20b 0. 24a 0. 22ab
TRt T /d 35.01a 36.02a 36. 45a
BRI KA D/ d 25. 85a 25. 24a 27.16a
I R HEIR A IS ] T o/ d 16. 61a 16. 47a 16. 36a
PR B RESE R V o/ (mg « d7 1) 2. 46a 2.33b 2. 11c
YRS B HERHE R Ve /(mg + d71) 1.63a 1.55b 1.41c

AT HR J5 A TR /NG 7 B2 7R AN [R] 28 280 ) 22 S 3k W 3K 7 (P <<0. 05) , % 6 [,

Different lowercase letters following data in same row indicate significant differences between types(P<Z0. 05). The same in table 6.
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Fig. 4 Dynamics of grain filling rate within different grain-weight types of wheat cultivars
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Table 5 Grain filling duration days and rate at different stages within different grain-weight types of wheat cultivars

Wi PR ]
P Grain-filling pyramid period Grain-filling rapid increase period Grain-filling slowly increase period
Type FREEREL 2 A R RPN 20 R RPN 0 R
T./d Vi/(ged ) T>/d Vy/(ged™H) Ts/d Vi/(ged ™)
R 11.08a 0. 7% 11.06a 2. 16a 12. 88b 0.61a
High grain weight
.
FP‘T*“LE . 10.91a 0.68b 11.12a 2.04b 13.99a 0.57a
Medium grain weight
IR & 9.74b 0.61c 11.91a 1. 85¢ 14. 81a 0.69a

Low grain weight

2.5 AEMEBRBEHFNERRETFRESHT

[ AC ENNG R A SR Ap A (=i IR SR S A
K58 R AR A AATE 3 2 R (R 6). Y
FEI Ry e E > v AR E > IR L A SR
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FAIORL F 2B T R TR 25 R AR
45.09 g.40.24 g f134.71 g,
2.6 #MIEIRIE XD

DO B A SRS T SN N L B SN 1T 208 o A
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55 BT fie T IR AR FORLT- X SR S AR R A I
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0. 97, Uk B AN [ 8 28 1Y /N 27 b 30 3 8 37 JE K/
ST IR R R

6 ARMEXRBTHTHNERFUERK
Table 6 Thousand-grain weight and grain shape within

different grain-weight types of wheat cultivars

b PR o 5 (4
Index ngh_ grain Mcdlur_n Low grain
weight grain weight weight
GL/mm 5.95a 5.71b 5.41c
GW/mm 3.03a 2.94b 2.79¢
GLWR 1. 99a 1.97a 1. 96a
GP/mm 15. 26a 14.58b 13. 84c¢
GSA/mm? 13.52a 12.58b 11. 32¢
TGW/g 45.09a 40. 24b 34.71c

GLALK ;GW R 98 s GLWR AL /R 58 5 GP R JH K s GSA
R TGW. TRE, T,

GL: Grain length; GW: Grain width; GLWR: Grain length
width ratio; GP:Grain perimeter; GSA :Grain surface area; TGW:

Thousand grain weight. The same below.
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Fig.5 Correlation between grain and its filling characteristics
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