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Abstract: Taking three wheat cultivars Jimai 20 ( strong gluten ), Taishan 23 ( medium gluten) ,
and Ningmai 9 (weak gluten) as test materials, a field experiment was conducted to examine the
effects of shading at different phases of grain-filling on the grain protein components contents and
processing quality. Four treatments were installed, i. e. , no shading (S;), shading at early grain-
filling phase (from O day after anthesis (DAA) to 11 DAA; S, ), shading at medium grain-filling
phase (from 12 DAA to 23 DAA; S,), and shading at late grain-filling phase (from 24 DAA to 35
DAA; S;). No significant differences were observed in the grain albumin+globulin contents of the
three cultivars among the four treatments. Shading increased the grain HMW-GS, LMW-GS, glu-
ten, glutenin, and total protein contents of Jimai 20 and Taishan 23 significantly, and the incre-
ments were higher in treatment S, than in other shading treatments. Treatments S, and S; increased
the grain protein components contents of Ningmai 9 significantly. Comparing with the control, shad-
ing decreased the grain yield significantly, but increased the dough development time, dough stabil-
ity time, and sedimentation volume, especially for treatment S,, which suggested that the wheat
grain quality had a close relationship with the light intensity at medium phase of grain-filling. Over-
all, the regulation effect of shading at grain-filling stage on the wheat grain yield, grain protein
components contents, and indices values of grain processing quality for the test cultivars was in the
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order of Jimai 20 > Taishan 23 > Ningmai 9.

Key words: wheat; shading; protein component; processing quality; grain-filling.
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Table 1 Effects of shading on protein components contents of wheat kernel

A Qb T HEA+REA HEH A R 867 % A& SN
Cultivar Treat- Albumin+globulin Glutenin Gliadin Gluten protein Total protein
ment T IDR i IDR i IDR o IDR o IDR
Content (%) Content (%) Content (%) Content (%) Content (%)
(%) (%) (%) (%) (%)
20 So 2.87a 3.15d 4.82d 7.97d 13.76d
Jimai 20 S, 2.93a +2.09 3.34c +6.03 5.10¢ +5.81 8.44c¢ +5.90 14.30¢ +3.92
S, 2.98a +3.83 3.91a  +24.13 5.66a  +17.43 9.57a  +20.08 15.46a  +12.35
S, 3.0la +4.88 3.60b  +14.29 5.41b  +12.24 9.0lb  +13.05 15.00b +9.01
il 23 So 3.19a 2.81d 4.74¢ 7.55d 14.01d
Taishan 23 S, 3.21a +0.63 2.98¢ +6.05 5.00b +5.49 7.98¢ +5.70 14.47¢ +3.28
S, 3.30a +3.45 3.36a  +19.57 5.47a  +15.40 8.83a  +16.95 15.41a +9.99
S, 3.34a +4.70 3.10b  +10.32 5.16b +8.86 8.26b +9.40 15.08b +7.64
T#9%5 S 2.66a 2.51¢ 4.19¢ 6.70c¢ 12.02¢
Ningmai 9 S, 2.70a +1.50 2.58¢ +2.79 4.40b +5.01 6.98c¢ +4.18 12.31c +2.41
S, 2.76a +3.76 2.93a  +16.73 4.71a  +12.41 7.64a  +14.03 12.94a +7.65
Ss 2.79a +4.89 2.76b +9.96 4.44p +5.97 7.20b +7.46 12.66b +5.32

IDR . 38 5 % Increasing or decreasing rate. [F] 271 [Fi] — S AN [R) NG TR 3R 45 b 3 22 57 8 3 ( P<0. 05) Different small letters in the same column
meant significant difference among treatments for the same cultivar at 0. 05 level. T [A] The same below.
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Table 2 Effects of shading on glutenin fractions contents of wheat kernel

wn VOS] HMW-GS LMW-GS HMW/LMW
Cultivar Treatment N IDR G IDR
Content (% ) (%) Content (% ) (%)
Wi 20 So 0.79d 2.31d 0.34b
Jimai 20 S, 0.84c +6.33 2.44¢ +5.63 0.34b
S, 1.07a +35.44 2.77a +19.91 0.39a
S, 0.99b +25.32 2.54b +9.96 0.39a
281l 23 So 0.69d 2.07d 0.33a
Taishan 23 S, 0.75¢ +8.70 2.18¢c +5.31 0.34a
S, 0.85a +23.19 2.46a +18.84 0.35a
S, 0.78b +13.04 2.27b +9.66 0.34a
T#EIS So 0.55¢ 1.92¢ 0.29a
Ningmai 9 S, 0.57¢ +3.64 1.97¢ +2.60 0.29a
S, 0.67a +21.82 2.22a +15.63 0.30a
S, 0.62b +12.73 2.10b +9.38 0.30a

HMW-GS: 14> T 1 4 55 (1 IV 3£ High-molecular-weight glutenin subunit; LMW-GS: {4 T & 45 & H IV 3£ Low-molecular-weight glutenin subunit;
HMW/LMW : 543 Tt 58000 T A A9 LUE The ratio of HMW-GS to LMW-GS.
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Table 3 Effects of shading on 1000-grain weight, grain yield and protein yield of wheat

wn Ab B THIEE bR AR B
Cultivar Treatment 1000-grain weight Grain yield Protein yield
(g) IDR (%) (kg - hm™) IDR (%) (kg - hm™2) IDR (%)

¥ 20 So 36.2a 8366.9a 1151.3a

Jimai 20 S, 35.6a -1.7 7526.7b -10.0 1076.3b -6.5
S, 30.8b -14.9 6565.2¢ -21.5 1015. 0c¢ -11.8
Ss 31.1b -14.1 6691.5¢ -20.0 1003. 7¢ -12.8

Zz1l 23 So 46.7a 9711.4a 1360. 6a

Taishan 23 S, 45.6a 2.4 8878.7h -8.6 1284.7b -5.6
S, 41.0b -12.2 7985. 4c¢ -17.8 1230. 6¢ -9.6
S, 41.8b -10.5 8213.9¢ -15.4 1238.7¢ -9.0

TH#9 S So 33.3a 6810. 8a 818.7a

Ningmai 9 S, 33.0a -0.9 6371.8b 6.4 784.4b 4.2
S, 30.4b -8.7 5998.7¢ -11.9 776.2¢ -5.2
S; 31.2b -6.3 6099. 6¢ -10.4 772. 2¢ -5.7

x4 RSN E AR FR B ) AR RE I (8] R A & 2T ER R0
Table 4 Effects of shading on dough development time, stability time, wet gluten content and sedimentation volume of
wheat kernel

st Qb3 T AT J s TR] [liEik =Sty )] AT i TUREE
Cultivar Treat- Dough development time Dough stability time Wet gluten content Sedimentation volume
ment ('min) IDR (%) ('min) IDR (%) ('min) IDR (%) ('min) IDR (%)

W 20 Sy 5.2d 15.7d 30.6b 40.2d

Jimai 20 S, 5.7c +9.6 16. 8¢ +7.0 31.7b +3.6 42.6¢ +6.0
S, 6.4a +23.1 19.2a +22.3 34.6a +13.1 46.8a +16.4
Sy 6.0b +15.4 17.7b +12.7 34.3a +12.1 44.5b +10.7

Zz1l 23 Sy 2.7d 3.3d 33.8b 27.3d

Taishan 23 S, 2.9¢ +7.4 3.5¢ +6.1 34.7b +2.7 28.6¢ +4.8
S, 3.2a +18.5 4.0a +21.2 37.2a +10. 1 31.1a +13.9
Ss 3.0b +11.1 3.7b +12.1 36.3a +7.4 30.8b +12.8

TH9 S S 2.6c 2.7c 26.2b 20.6¢

Ningmai 9 S, 2.6¢ +0.0 2.7¢ +0.0 26.5b +1.1 21.0¢ +1.9
S, 3.0a +15.4 3.0a +11.1 27.9a +6.5 22.9a +11.2
S3 2.8b +7.7 2.9b +7.4 27.8a +6.1 21.8b +5.8

x5 AEGMAMAEELENEHNTE EERASSE MIRRIERNFTESN(F H)
Table 5 Variance ananlysis of grain yield, protein components contents, processing quality indicators among different culti-
vars and differnent shading treatments ( F value)

Ib B i AEAYE BREAYE SHEASE  WREUER  mHRE  WEHeE UIRE
Treatment Grain Glutenin Gliadin Total protein s} ] [} ] Wet Sedimentation

yield content content content Dough Dough gluten volume

development stability content
time time

i Cultivar 739.777 % 1914.99" " 1693.94* " 14324.4** 3599.19"* 50525.2°* 1079.56 "% 11540.2* "
HEE Shading 167.86" " 549.93* " 581.33** 2325.7% " 77.95" " 232.8" " 89.84" " 242.9**
i G Y Cultivarxshading 8.74" " 20.78* " 16.68 " " 69.33" " 10.68 " * 101.63" " 5.15" 216"

# P<0.05; = % P<0.01.
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