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Analysis of the genotypic variation and stability of grain
filling parameters of wheat
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Abstract Grain weight of wheat is influenced by terminal abiotic stresses such as drought or elevated temperature in
the Sichuan Basin of China. To explore the difference in grain weight and grain filling parameters amongst genotypes and
their stabilities, field experiments were carried out in 5 rain-fed environments (year X site) involving ten spring cultivars.
A large variability in thousand kernel weight ( TKW) among genotypes was recorded (42.9 to 53. 0 g) over
experimental environments. Most grain filling parameters were significantly affected by location, year and genotype with
environmental effects being larger than genotypic effects. In any one year, TKW, maximum grain-filling rate (R.) »mean
grain-filling rate (Rmean) »pyramid period ( T,), slow increase period ( T3),and grain-filling rate of the fast increase
period (R,) were highly dependent on genotype. All grain filling parameters and grain weight of genotype CM104,
CM42,CY23 and NM836 were stable based on multi-statistical parameters. TKW correlated positively with grain filling
rates including R e » Rmax s 15 B2 @and R3 whereas the stability of TKW coincided with the stability of initial grain-filling
potential (C,) and R . Therefore C, and R, were the main factors affecting the stability of grain weight. CM104 and
CM42 are useful germplasm for improving yield and stability of grain weight.
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Table 1 Thousand kernel weight of varieties tested under different experimental environments

A iR ¥ FF B Experimental environment
Mean SE C.V./%

Variety 2011GH 2011)JY 2012GH 2012]Y 2012JYG
CM51 43.20 ab 44,92 a 41.18 b 42.72 b 42.33 b 42.9 1.37 3.2
CM55 43.29 ab 45.07 a 41.34 b 41.68 b 42.99 ab 42.9 1.48 3.5
XK-5 45.69 b 48.69 a 40.92 ¢ 45.39 b 41.17 ¢ 44, 4 3. 30 7.4
MM367 47.55 b 50.46 a 41.01 d 43.98 ¢ 41.97 cd 45.0 3.95 8.8
NMS836 48.21 a 48.02 a 44.03 be 45.69 ab 42.36 ¢ 45.7 2.53 5.5
CM104 50.98 a 50.25 a 45.32 b 45.16 b 44,13 b 47.2 3.19 6.8
MM37 51.49 a 53.03 a 42.85 ¢ 47.25 b 43.24 ¢ 47.6 4. 65 9.8
CM42 50.89 a 50.65 a 47.89 b 49. 23 ab 45.31 ¢ 48. 8 2.29 4.7
CY23 52.10 be 55.30 a 49.91 ¢ 53.03 ab 46.62 d 51.4 3.29 6.4
CM56 52.32'b 54.07 ab 55.14 a 54.02 ab 49.46 ¢ 53.0 2.22 4.2
Mean 48.60 b 50.00 a 45.00 d 46. 80 ¢ 44,00 d 46.9 2.48 5.3
SE 3.53 3.50 4.73 4.13 2.53 3.41
C.V. % 7.28 6.99 10. 52 8.83 5.75 7.28
LSDy, o5 1. 26 2.27 2.62 2.84 1.79 1.02

T BATEUF R A IR B R R 72 0. 05 K P LB EF X R, FEM,
Note: Values followed by the same letters in each row indicate not significantly different at 0. 05 level from each other according to

Duncan Test. The same as follows.

2.2 HHERSHNEREZERERNREYNN MG T 22 M e R (R 2 B RS T, T,
2.2.1 HEERSMGIKREF Z5H L PR R 22 S OR B 3L B KO (EL AN Y BT A VE IR S 50

SN EA S IR TR R S8 MR SO Ik B K, B R S RO AR Ak
K2 HHERSHMNEKEEHESW(FE)

Table 2 Combined analysis of variance for grain filling parameters of wheat (F value)

SOV K Go Roox T Rinean Tog D T: T, T; R, R, R;

Genotype  32.5° 9.7 7.47 16.7" 30.8" 3.4" 6.7 69.6™ 1.7 1.7% 170.2" 6.4 7.0"

Location 0.9™ 165.2" 7.17 63.7" 10.3" 19.8" 63.77 186.77 7.6 7.77 15.6™  6.47 6.37
Year 61.37 221.6™ 60.17258.2" 310.6" 52.3™ 258.2" 950.8™ 9.47 9.271857.3™ 59.1746.47
GXL 3.0™ 4.3"  1.2™ 1.77 0.8™ 1.3™ 1.77 6.2 1.5™ 1.5™ 8.5 0.7™ 1.6™
GXY 11.6™ 7.2 2.4” 1.7 7.4 0.9™ 1.7 5.4™ 0.9™ 0.9™ 33.37 2.97 1.4™
LXY 10.3™ 0.0™ 0.0™ 0.0™ 0.0™ 0.0™ 0.0™ 0.0™ 0.0™ 0.0™ 0.0™ 0.0™ 0.0™
GXLXY 4.6 1.6™ 1.9 2.8~ 2.97 1.0™ 2.8 10.47 0.9 0.9™ 0.3™ 2.8 0.8™

Note: ** p<C0.01, * p<C0. 05,ns means no significant (p=>0. 05). Cy :initial grain-filling potential; R.x : maximum grain-filling rate;
Tmax : the time reaching the maximum grain-filling rate; Ryean : mean grain-filling rate; Too : effective grain-filling time; D active
grain-filling period; Ti, grain-filling pyramid period; T : grain-filling fast increase period; T : grain-filling slowly increase
period; R, : grain-filling rate of pyramid period; R; : grain-filling rate of fast increase period; Rs: grain-filling rate of slowly

increase period.
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Table 3 Grain filling parameters of varieties based on the means over environments (mean4 SE)
GFP CM51 CM55 XK-5 MM367 NM836
C, 0.7740.08 cd 0.9040. 11 be 0.86+0.12 ¢ 1.07£0.12 a 0.9140.06 be
Rx 2.261+0.06 cde 2.21+0.04 de 2.48+0. 24 be 2.154+0.07 e 2.3040.05 cde
T s 21.55+0.73 b 19.3840. 66 de 18.9240.92 e 19.6440.41 de 20.17+0. 45 cd
Ty 45.43=+1.44 ab 41.8940. 84 cd 39.71+2.62d 43.527+0. 89 abc 43.63+0.77 abc
D 43.09£1.46 b 38.76+1.32 de 37.8441.84 ¢ 39.2940. 82 de 40.35+0. 89 cd
Rcan 1.02+0.03 b 1.03+0.02 b 1.06+0.07 b 1.01£0.03 b 1.07£0.12 b
T, 14.7040.58 be 12.93+0.63 ¢ 12.96+0.54 ¢ 12.81+0.36 ¢ 13.4540.37 d
T, 13.6840.46 a 12.8940.17 ab 11.914+1.02 b 13.6840.35 a 13.4440.22 a
T 17.03£0.58 a 16.057+0. 21 ab 14.83+1.27 b 17.027£0.43 a 16.73+0.27 a
R, 0.6840.03 f 0.7340.04 cd 0.72740.05 bc 0.7540.05 be 0.7540. 02 bed
R, 1.98+0.05 cd 1.94+0.03 cd 2.11£0. 24 be 1.89+0.06 d 2.027£0.04 cd
R; 0.56740.02 de 0.55740.00 de 0.64=40.06 ab 0.53%0.02 ¢ 0.5740.01 cde
GFP CM104 MM37 CM42 CY23 CM56 Mean
C, 0.9240.06 be 1.03+£0.11 ab 0.81£0.05 cd 0.7140.06 d 0.57%+0.07 e 0. 86
Rx 2.3140. 06 cde 2.4240. 06 bed 2.56+0.07 ab 2.6540.04 ab 2.79%0.07 a 2.41
Tax 20.6940. 54 be 19.5840. 42 de 20.9740.59 be 21.68+0.53 be 23.47+0.58 a 20.61
Ty 44.654+0.95 abec  42.60+0.74 bed 44.16+1.19 abc 44.60+1.10 abc  46.64+0.99 a 43. 68
D 41.38+1.09 be 39.16+0. 84 de 41.94+1.19 ¢ 43.35+1.07 b 46.94+1.17 a 41.21
Ryean 1.07£0.03 b 1.13£0.03 a 1.16£0.03 a 1.1740.02 a 1.184+0.02 a 1. 09
T, 13.8240.43 d 12.9840.39 ¢ 14.3740.44 ¢ 15.1040.41 b 16.83+0.54 a 14. 00
T, 13.7340.25 a 13.1940.27 a 13.3540.36 a 13.1440. 37 ab 13.27+0.35 a 13.23
T 17.0940.31 a 16.4140.34 a 16.54740.45 a 16.357+0. 46 ab 16.52+0.43 a 16. 46
R, 0.74740.03 bed 0.81%0.05 a 0.7740.03 b 0.74740.02 bed 0.7040.02 ef 0.74
R, 2.0240.05 cd 2.1340.05 be 2.2440.06 ab 2.3340.10 ab 2.43%+0.06 a 2.11
R; 0.5740.01 cde 0.6040.01 bed 0.6340.02 abc 0.6540.01 ab 0.69%0.02 a 0. 60
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Table 4 Filling parameters over varieties in different environments (mean4 SE)

WIS HL I PR Experimental environment
Mean SE C.V./%
FP 2011GH 2011)]Y 2012GH 2012]Y 2012JYG
C, 1.1040.07a 1.1740.01 a 0.73+0.02 b 0.59+0.02 ¢ 0.69+0.03 be 0. 86 0. 26 30.5
Rinax 2.58%0.11 a 2.71£0.02 a 2.2140.02 b 2.35420.01b  2.23£0.04 b 2.42 0.22 9.1
Toax 18.40+0.22 ¢ 18.654+0.25c¢ 21.67%+0.37b 21.32+0.11 b 23.00%0.04 a 20. 61 2.00 9.7
Ty 40.40£0.80 ¢ 41.09%£0.44 ¢ 45.27=£1.32 ab 43.81£0.19b 47.84%£0.30 a 43.68 3.05 7.0
D 36.7940.43 ¢ 37.31F£0.50 ¢ 43.34F0.74b 42.6540.22b 45.99+£0.08 a 41.22 4.01 9.7
Rioean 1.254+0.02 a 1.214+0.01 b 0.98+0.02 d 1.0340.00 ¢ 0.99+0.01d 1.09 0.13 11.7
T, 12.0940.11 ¢ 12.22£0.20 ¢ 14.91£0.11 b 14.88%0.12 b 15.87%0.08 a 13.99 1.73 12.3
T, 12.61£0.35b 12.86+0.11 b 13.537%0.55ab 12.9240.07 b 14.24+0.16 a 13.23 0. 66 5.0
T; 15.70£0.43 b 16.01£0.13 b 16.84+£0.68 ab 16.04+0.11 b 17.7240.20 a 16. 46 0. 82 5.0
R, 0.88%0.12 a 0.8940.00 a 0.6440.01 b 0.654+0.01b 0.64£0.01b 0.74 0.13 17.9
R, 2.26+0.10 a 2.371+0.02 a 1.90+0.02 ¢ 2.06+0.01 b 1.9540.03 be 2.11 0. 20 9.6
R, 0.63%0.03 a 0.6740.00 a 0.5540.02 b 0.5840.00b 0.55£0.01 b 0. 60 0.05 8.8
]I AR . PG HEREFE S I (R Ruean Ri Ry R F AR i

2.2.4 BELSERLAMG LR
MM 200 (32 5), TR M H g R E (K)
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Table 5 Pearson phenotypic correlations thousand grain weight and grain filling parameters

HEH S TR BLIN7op NAC WS T kL H BN 7iog AC S
Filling parameters TKW K Filling parameters TKW K
C, 0.185 0.199 T, 0.020 0. 206
Toax —0.009 0.242 T, —0.119 0. 240
Ty —0. 069 0.276 T —0.119 0. 289
D —0.009 0.243 R, 0.511" 0.490"
Ruax 0.876" 0.797" R, 0.884" 0.801"
Rocan 0.818" 0.738" R; 0.849" 0.773"

TE oo RRTBE 12009 1 F K,

Note: ** indicates significant at the 0. 01 probability level.
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Table 6 Stability parameters for thousand kernel weight and grain-filling rate of wheat grown in 5 environments
mAf FP/V  Rank b; Sk Sk Wi ASV Rank b; S S W ASV
TKW K
CM51 10 0.473 0. 620 1. 870 8. 835 1.853 7 0.559 4.158 4.472  15.832  2.781
CM55 9 0.412 1.510  2.197 13.222 2.089 8 0.776 2.277 4.310 7.702 1.578
XK-5 8 1.267 1.091 10.897 5.062 1.216 10 1.406 2.734 10.605 11.059 2,040
MM367 7 1.520 1.468 15.614 11.203 2.772 9 2.658 17.366 43.588 99.675 7.553
NM836 6 0.978 0.536 6.405 1.622 0.192 6 0. 957 1.434 5.034 4.336  0.846
CM104 S 1.145 2.589 10.177 8.295 1.133 B 1.621 13.222 21.277 46.332 2.313
MM37 4 1. 818 1.103  21.577 20.108 3.901 4 2.068 19.591 33.195 78.518 6.162
CM42 3 0. 848 0. 968 5.246 3.480 1.054 3 0.625 1.333 2.688 6.436 1.578
CY23 2 1.204 2.328 10.856 8.034 1.166 | 2  1.123 13.274 15.410 40.083 3.000
CM56 1 0. 335 5. 649 4.940  28.070 4,421 1 —1.793 10.008 21.415 165.006 9.288
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2 6(80)
i FP/V  Rank b, S sz w? ASV | Rank b, S sz, w? ASV
C, R,
CM51 8 0.859  0.04  0.079 0.124 0.508 10 0.942 0.001 0.016 0.005 0.188
CM55 5 1.589  0.061 0.215 0.276 1.542 7 1.281  0.004 0.031 0.017 1.233
XK-5 6 1.278  0.021 0.125 0.083  0.633 8 1.420  0.001  0.036 0.016  1.435
MM367 1 1.593  0.074 0.226 0.317 1.316 3 1.410  0.003  0.036 0.020 1.447
NMS836 4 0.897  0.004 0.057 0.014 0.106 4 0.891 0.000 0.014 0.001 0.319
CM104 3 0.865  0.017 0.063 0.055 0.57 6 0.985 0.003 0.019 0.008 0.492
MM37 2 1.666  0.028 0.207  0.202 1.086 1 1.420  0.001  0.035 0.015  1.267
CM42 7 0.534  0.015 0.031 0.104 0.788 2 0.883 0.000 0.014 0.002 0.391
CY23 9 0.787  0.018 0.055 0.068 0.682 5 0.729  0.001 0.010 0.009  0.896
CM56 10 —0.069  0.084 0.063 0.559  2.208 9 0.040  0.005 0.003 0.078  3.227
Rican R,
CM51 9 0.941  0.001 0.015 0.004 0.446 8 0.873 0.008 0.037 0.026 0.847
CM55 8 0.856  0.001 0.013 0.005 0.704 9 0.513  0.007 0.016 0.059  1.379
XK-5 7 2.041  0.008 0.072 0.092  4.082 5 3.062 0.084  0.448 0.951  8.275
MM367 10 1.294  0.000 0.027 0.006  0.921 10 1.130  0.003 0.055 0.012  0.242
NM836 5 0.891  0.001 0.013 0.003 0.095 6 0.868 0.005 0.034 0.017 0.177
CM104 6 1.011  0.004 0.019 0.011  0.39 7 0.945 0.012  0.046  0.038  0.402
MM37 4 1.223  0.000 0.024 0.004  0.656 4 1.009  0.002 0.044 0.007 0.144
CM42 3 1.094  0.000 0.019 0.002 0.188 3 1.182  0.003 0.059 0.014  0.389
CY23 2 0.645  0.001 0.007 0.010 1.298 2 0.496  0.003 0.012 0.050 1.822
CM56 1 0.004  0.004 0.003 0.077  3.636 1 —0.078 0.074 0.056 0.414 5.121
R R;
CM51 8 0.892  0.012 0.048 0.039 0.816 8 0.906  0.001  0.003 0.003 0.342
CM55 9 0.534  0.009 0.020 0.069 1.031 9 0.554  0.001 0.001 0.004  0.290
XK-5 4 2.762  0.115 0.461  0.955  6.221 3 2.455  0.010  0.024 0.053 1.901
MM367 10 1.191  0.002 0.071 0.014  0.394 10 1.262  0.000 0.004 0.001 0.151
NM836 6 0.893  0.008 0.045 0.025 0.224 6 0.913  0.001  0.003 0.002 0.098
CM104 7 0.989  0.016 0.060 0.047 0.517 7 1.036  0.001 0.004 0.003 0.198
MM37 5 1.042  0.005 0.057 0.015 0.165 5 1.068  0.000 0.003 0.002 0.136
CM42 3 1.244  0.002 0.077 0.017  0.486 4 1.314  0.000  0.005 0.001 0.162
CY23 2 0.511  0.004 0.016 0.060 1.503 2 0.524  0.000 0.001 0.003 0.467
CM56 1 —0.059 0.097 0.073 0.511 4.220 1 —0.032 0.006 0.004 0.029 1.212

P b0, 7.0, T<Kbi <1 306,21, 3 41 I %1 SR SR U L LA TR B i P S RS SR B
F9E A I T S0 0 6 P B R

£ R R TR A A

Note: b; << 0. 7,0. 7<<b; << 1. 3, and b, = 1. 3 indicate insensibility to environment, average stability, and adaptability to good

environment, respectively. Values lower than the means are underlined. Cultivars with lower values than the means are regarded

as stable ones.
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Table 7 Stability parameters for grain-filling time of wheat grown in 5 environments

A FP/V  Rank b, Si S% wi ASV Rank b; Si S Wi ASV
D T,

CM51 3 1. 401 2,722 33.544 18.484 1.583 3 1. 352 0.113 5. 530 1.813 1. 806
CM55 9 1. 356 0.733 30.056 10.324 1.099 9 1. 467 0. 540 6. 817 4,217 2.716
XK-5 10 1.023 11.698 25.566 35.127  2.159 8 1. 049 0. 829 3.903 2.517 1. 849
MM367 7 0.691 1.883 9.083 11.769 1.224 10 0.794 0.216 2.042 1.154 0. 650
NMS836 6 0. 874 0.284 12.464 1.877 0.311 6 0. 879 0.034 2. 330 0.274 0.313
CM104 5 1. 09 0.737 19.625 2.73 0. 607 5 1.034 0.090 3.254 0. 283 0. 737
MM37 8 0.667 1.72 8.435 12.274 1.075 7 0. 875 0.175 2.411 0.714 0.670
CM42 4 1.181 1.013  23.161 5.151  0.629 4 1.034 0.202 3.336 0.619 0.474
CY23 2 0.97 2.526  17.007 7.635 0.664 2 0.954 0.093 2.782 0.303 0. 325
CM56 1 0.747 16,94 21.664 54.93 3.001 1 0.563 5.299 4,918 18.176 7.709
Thax T,

CM51 3 1. 401 0.679 8. 386 4.618 1.118 2 1.733 1.926 2.517 6. 545 3.891
CM55 9 1. 356 0. 180 7.510 2.571 0.777 9 0.311 0.403 0.337 1. 885 1. 000
XK-5 10 1.023 2.917 6. 388 8.759 1.521 10 0.448 4. 398 3.370 13.630 5.553
MM367 7 0.690 0.470 2.264 2.954  0.863 3 0. 319 1. 446 1.120 5.000 3. 360
NM836 6 0. 874 0.071 3.116 0.469  0.220 4 0.751 0.293 0.421 0.967 0.916
CM104 5 1. 089 0.183 4.900 0.678 0.428 1 1. 436 0. 080 0.796 0.511 0. 487
MM37 8 0. 667 0.434 2.109 3.088 0.758 7 —0.615 0. 006 0. 140 3.743 1.508
CM42 4 1182 0.253  5.799 1.292 0.444 | 5 2,066 0.350 1.787 2.673  1.888
CY23 2 0.971 0.638 4,264 1.929  0.468 8 1.770 0.653 1. 609 2. 806 1. 358
CM56 1 0. 747 4. 249 5.428 13.771 2.116 6 1. 780 0.372 1.411 1. 987 1.286
Ty, T;

CM51 2 1.493 9.910 28.233 38.802 6.008 2 1. 604 2. 888 3.904 9. 650 3.524
CM55 9 1.058 1.078 11.261 3.361 1.240 9 0.411 0.548 0.525 2.581 0.752
XK-5 10 1.032 25.207 28.836 75.659 7.828 10 1.229 5.908 5.451 17.865 4.569
MM367 7 0.498 6. 842 7.447 29.926  5.063 3 0. 265 2.245 1.731 8.195 3.193
NM836 6 0. 849 1.023 7.500 3.914  0.763 4 0. 780 0.322 0.653 1.097 0. 547
CM104 3 1.182 1.001 13.794 4,245  0.460 1 1.254 0.232 1.237 0.871 0.418
MM37 §  0.213 1.577 1.608 27.828 2.855 | 7 —0.554 0.008 0.213 6.549 1.505
CM42 5 1.491 1.086 21.561 12.261 2,561 5 1.973 0.283  2.841 3.405 1514
CY23 4 1. 089 6.190 15.707 18.864 2.482 8 1.516 1.249 2. 489 4,465 1. 450
CM56 1 1.094 2.046  12.693 6.465 1.951 6 1.522 0. 832 2.189 3.233 1. 261
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Table 8 Evaluation on stability of grain weight and grain-filling parameters for varieties tested
A% TKW Co R... Toex Ty D Ruean T, T, T, R, R, R;
CM51 + + + — - — + — - — + + +
CM55 + — + + + + + — + + — + +
XK-5 + + — — — — — + — — — — —
MM367 — — + + — + + + — — — + +
NM836 + + + + + + + + + + + + +
CM104 + + + + + + + + + + + + +
MM37 — — + + + + + + + + — + +
CM42 + + + + + + + + + + + + +
CY23 + + + + + + + + + + + + +
CM56 — — — — + — — — + + — — —
F.+ L FERE MRS E K AR . Note:+,— indicate stable or astable for a given grain filling parameter.
R WNEREREERSHREMZENEXEY
Table 9 Correlation coefficients between stability of grain weight and the stability of grain filling parameters
ZH P G D R, R, R; Rowe R T, T, T, Ty T
b 0.572  —0.604 0. 605 0.433 0.502 0.466 0.576 —0.323 —0.581 —0.564 —0.727" —0.604
Sk 0. 559 0.692" 0.751° 0.58 0.316 0.484 0.311 0.88™ —0.256 —0.197 —0.221 0.694"
sS4 0.472  —0.798" 0.543 0.131 0.123 0.137 0.321 —0.726" —0.245 —0.236 —0.514 —0.799"
w: 0.871" 0.640" 0.846™ 0.062 0.143 0.130 0.309 0.771" —0.189 —0.119 —0.187 0.642"
ASV 0.838" 0.641* 0.776™ 0.128 0.139 0.149 0.349 0.657" —0.042 0.043 0.051 0.642"

TE e % oo 00 R7R 50 106 ik

Pl R BB 5 A SC R 2 8 ( T Too D

Note: * , ¥* indicate significant at the 0. 05 and 0. 01 levels of probability.
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