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Comparison of grain protein components and processing quality in responses to

dim light during grain filling between strong and weak gluten wheat cultivars

LI Wenyang'*, YAN Suhui', WANG Zhenlin>*

1 College of Plant Science, Anhui Science and Technology University, Fengyang 233100, China
2 State Key Laboratory of Crop Biology, Agronomy College of Shandong Agricultural University, Tai'an 271018, China

Abstract: Low light intensity as a result of cloudy or rainy days often occurs during the grain filling of winter wheat
( Triticum aestivum L. ) in Huanghuai region of China, largely affecting grain yield and quality. Many investigators have
demonstrated the effects of shading on photosynthesis, dry matter accumulation, grain yield and its components of winter
wheat. However, there are few reports on the effects of shading on protein compositions and processing quality in wheat
grain. The strong gluten wheat cultivars are remarkably different from the weak gluten cultivars in many grain quality
parameters. This study attempted to determine the processing quality and protein compositions of wheat cultivars differing in
quality type wheat grown under low light intensity at different grain filling stages. Two wheat cultivars, Jimai 20 ( strong
gluten wheat cultivars) and Shannong 1391 (weak gluten wheat cultivars) , were used to investigate the effect of dim light
on grain yield, protein compositions and processing quality. The field was shaded by the black nets with 90% shading over
the plants in early (6—9 d after anthesis, Sl treatment) , middle (16—19 d after anthesis, S2 treatment) and late (26—
29 d after anthesis, S3 treatment) grain filling. The treatments were arranged in a randomized complete design with three
replications.

The results showed that dim light after anthesis remarkably reduced grain yield, especially in S2 treatment for Jimai 20
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and S3 treatment for Shannong 1391. Shading stress after anthesis significantly decreased the kernel weight. The kernel
number per spike had great difference in treatments. The low light stress of S1 treatment reduced the kernel number per
spike, in fact, it reduced the upper kernel number per spike, and the decrease extent of kernel weight of S1 treatment was
lower than S2 and S3 treatments. Under shading condition, grain nitrogen accumulation and nitrogen harvest index
decreased sharply in both cultivars. Dim light after anthesis significantly increased the grain protein content in both
cultivars, especially at the middle grain filling stage, and the trend as following: S2>S3>S1 >Control. Combined grain
protein content with kernel weight, we suggested that it was less kernel weight that increased protein content of shading
treatments. Under shading stress, especially at middle and late grain filling stages, the insoluble glutenin content enhanced
significantly, but the soluble glutenin content was no significant difference with the control, then, the glutenin
polymerization index in grain increased sharply. Compared with the control, The dry and wet gluten contents and
sedimentation values were all significantly increased at three shading stress. And dim light after anthesis significantly
increased the dough development time and stability time, especially at middle and late grain filling stages. After it was
analyzed that the relationship between the farinograph parameters and insoluble glutenin content and glutenin polymerization
index of two wheat cultivars. The results suggested that different farinograph parameters were tied up by the differences of
insoluble glutenin contents and glutenin polymerization indexes between the cultivars. Insoluble glutenin contents and
glutenin polymerization indexes affected farinograph parameters, and then influenced wheat grain processing quality. .
Transient shading stress during grain filling improved farinograph parameters for strong gluten wheat cultivars, but worsen

farinograph parameters for weak gluten wheat cultivars. And grain yield decreased significantly at one time.

Key Words: winter wheat ( Triticum aestivum L. ) ; protein components; glutenin polymerization index; processing quality ;

dim light
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1 #R5FHE
1.1 FpE o 5t

T 2005 4 10 H E 2007 4F 6 AR K2 A 2R s 17 . 0 HBEZ (0—20 em) RIS
BLIT 1.23% 2% 0.091% Fdiff A 87.2 mg/kg A 18.6 mg/kg HAHP 57.5 mg/ke, HEik/NE i Flohy o
7 /N A2 20 A /NAE 1LAR 1391, RS 180 Jidk/hm” ,/NXTHIFL A 3 m x 3 m=9 m*, #EFIYI K 2005
4E 10 H 15 HA12006 4E 10 H 10 H U318 2006 46 H 10 HA12007 456 H 8 H, & Fhaiit AL 4L & 120
kg/hm’® P,05 75 kg/hm* |K,0 120 kg/hm® , #& T HHIEZEA 120 keg/hm® oA B[] —fi g 7=

RIS FFRLE I AT (FFAE)S 6—9 d,S1) (A (IFAE)E 16—19 d,S2) JE A (FFHE)E 26—29 d,S3) 5ok
FEALEE 3 YRR, BEALIX ALHES , R B ER N 109% S0 BH XA T 55 AR B, 308 BH R B /N2 R 3 1 45
60cm EA7 , LIS R P XUARIE o 55 AL RGN 22 A/ NS By s e L3 1, G rpols BRI 22 ] Lx- 101
PREETHT/INEZ AR RZ DI E A ; CO, MR BE IR BE NG B2 0l FHAEHE X CO, 2B {3 22 F DWHJ-2 IR FH 1T
WSE . BT8R 1100 ME

F1  BRAAE/NSEH R (2005—2006 )
Table 1 Effect of shading treatment on field microclimate in growth season 2005—2006

4o e B3 CO, eI TR W
Light intensity CO, Concentration Air temperature Humidity
Treatments oo -
/(wmol-m™s7") / ( pmol/mol ) /C /%
CK 966.4+7.3 a 356.2+0.5 a 23.1+0.5 a 17.9+0.2 a
S1 98.7+0.9 b 357.4+0.8 a 22.6+0.4 a 18.5+0.3 a

FhBAE AR 6—9 d AT 4 d Y T-HME 465 16—19 d.26—29 d AHR BN BRI S 6T 6—9 d IEANKANR] ; AIR)/ING FhEF R AL FH A

SR 2T CK; control;S1 TFAEST 6—9 d 55 (AL B Shading from 6 to 9 days after anthesis
1.2 Bk

Y], R /NX 10 A Z2H8 RIS % SO AR X 43R R R (/NEEIEIRES 1.2 PR A
(BRI %%i{s 1.2 (EAMRFARL) HE1 T8 F ;s R/ INXER 10 DN ERZE 3 kPR RS R4 70C T T T4
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1.3 sEm H &5k
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PAPRTE T, 7E 30°C T MBI & #3144 30 min, 12000xg #5.0> 10 min, FIFWRHERF] 5 mL .08, K iR
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Fig. 1 Effect of dim light on grain yield of wheat in growth seasons 2005—2006 and 2006—2007
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Table 2 Effect of dim light on spike characteristics of wheat

2005—2006 2006—2007

o . R wpy  FUEEC LOEEC OB T

. 1-kernel Basal Upper 1-kernel Basal Upper

Cultivar Treatment . Kernels K Kernels

weight ik kernels kernels weight ik kernels kernels per

/(mg/ ki) pet spiie per spike per spike (mg/ ki) per spiie per spike spike
¥ 20 CK 43.7+0.7a 36.6x1.2a 21.5£0.9a 15.1+0.3a 41.5+0.8 a 37.5x1.3a 22.7+0.8a 14.8:0.5a
S1 39.4+0.6 b 27.4+1.3b 21.3+0.9a 6.1x0.4b 37.0+0.7 b 28.7+1.1b 22.4+0.7 a 6.3:+0.4 b

S2 36.0£0.5d 36.8x1.4a 21.9xl a 14.9+0.4 a 33.8+0.6d 37.3x1.2a 22.5:0.8 a 14.8+0.4 a
S3 37.940.6 ¢ 36.5+1.3a 21.7+0.8 a 14.8+0.5a 35.5#0.6 ¢ 37.7+x1.1a 22.8+0.8 a 14.940.3 a

114k 1391 CK 62.9+0.8 a 40.7+x1.4a 23.2+40.9a 17.5+0.5a 61.7x1.2a 41.8+1.3a 26.3+0.9 a 15.540.4 a
S1 61.6£0.7 a 36.1x1.5b 22.5+1.1a 13.6+x0.4b 58.1x1 b 37.7+1.2b 26.6+0.8 a 11.1+£0.4 b
S2 54.1+0.9b 40.6+1.4 a24x1.1 a 16.6+£0.3 a 52.4+0.9 ¢ 41.1+x1.3a 26.8+0.9 a 14.3£0.4 a
S3 51.6+0.7 ¢ 40.9x1.5a 23.5+x1.1a 16.9+0.4 a50+0.8 d 41.5x1.1a 25.7+#0.8 a 15.84#0.3 a

AN[) /NG b 7 [ i o A A L ] P-4 (B K 8 2 22 5 ST IFAEJS 6—9 d 555640 B Shading from 6 to 9 days after anthesis;S2 FFAEJF 16—19 d
5564 B Shading from 16 to 19 days after anthesis;S3 JFAEJF 26—29 d 5564 EE Shading from 26 to 29 days after anthesis; CK: control

2.2 EHARGH

FERE B B 52 I /N 5 SR B P itk /N2 SR 55 GO R 1 B R T, S
155 CAb R R B R, R IRz R N (L 2) P /NAE L R R B — 3k, SR/ INAZ U2 20 FPRLEE
T TS A /N LA 1391,
2.3 FPRARBEE S A FWBGRAEEL
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Fig. 2 Effect of dim light on grain protein content in growth seasons 2005—2006 and 2006—2007
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Fig. 3 Effect of dim light on grain nitrogen accumulation and nitrogen harvest index (2005—2006)
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Fig. 4 Effect of dim light on grain protein composition content and polymerization index of glutenin (2005—2006)
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Table 3 Effect of dim light on grain processing quality (2005—2006)
NE— S UUEMH " kR T A R T] T ARG S B ]
o Y T T [ i : . H R -
i i Qb3 Sedimentation . Water Dough Dough
. Wet gluten Dry gluten Flour yield . e
Cultivar Treatment e o value /o absorption development stability time
’ ’ /ml, 7 /% time/min /min
¥ 20 CK 33.6+0.5 d 11.9+0.1 d 31.4+0.2 ¢ 71.5+0.4 a 63.4+0.2 b 7.5+0.1 b 12.6+0.2 d
S1 37.5+0.4 ¢ 13.6+0.1 ¢ 32.5+0.3 b 71.4+0.3 a 64+0.3 a 7.7£0.2 b 13.2+0.2 ¢
S2 41.5+0.5 a 15.5+0.2 a 34.2+0.4 a 71.2+0.2 a 64.4+0.3 a 8.9+0.2 a 18.7+0.2 a
S3 40.3+0.4 b 14.9+0.1 b 33.8+0.3 a 71.2+0.3 a 64.2+0.2 a 8.6+0.2 a 16.4+0.3 b
114 1391 CK 25.3+0.3 ¢ 8.7+0.1 b 23.5+0.2 ¢ 68.3+0.3 a 58.8+0.2 b 1.9+£0.1 b 0.9+0.2 b
S1 26.9+0.4 b 9.320.1 a 24.8+0.3 b 68.3+0.3 a 59.2+0.2 ab  2.0+0.1 Db 1.1+0.1 b
S2 27.9+0.5 a 9.8+0.1 a 26.3+0.2 a 68.5+0.4 a 60.5+0.4 a 2.4+0.2 a 1.6+0.1 a
S3 27.1+0.4 ab 9.6+0.2 a 25.7+0.2 a 68.2+0.3 a 60.2+0.3 a 2.3+0.1 a 1.6+0.2 a
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