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Combined Effects of Nitrogen and Sulphur Fertilization on Content and
Size Distribution of Glutenin Macropolymer in Wheat Grain

CAI Tie, WANG Zhen-Lin", YIN Yan-Ping, LI Yong, CHEN Xiao-Guang, WANG Ping, CHEN Er-Ying,
GUO Jun-Xiang, NI Ying-Li, and YANG Wei-Bing

National Key Laboratory of Crop Biology / Shandong Agricultural University, Tai’an 271018, China

Abstract: The content and size distribution of glutenin macropolymer (GMP) play key roles in grain quality of wheat (Triticum
aestivum L.). The aims of this study were to analyse the relationship between the content and size distribution of GMP and evalu-
ate combined effects of nitrogen and sulphur fertilization on the content and size distribution of GMP in wheat grain. In the study,
Shannong 15 was used in a field experiment with three nitrogen (N) application levels (120, 240, and 360 kg ha™') and three sul-
phur (S) application levels (0, 60, and 90 kg ha™ ). HMW-GS and LMW-GS were firstly separated using the sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE), and each of the subunits was then extracted before quantitative measure-
ment by colorimetric analysis. The result showed that, in certain ranges, contents of GMP, HMW-GS, and LMW-GS were signifi-
cantly increased with more application of nitrogen fertilizes. The increasing application of sulphur showed no significant effect on
GMP content, but reduced contents of HMW-GS and D-LMW-GS and promoted contents of B-LMW-GS and C-LMW-GS. The
content of small GMP particle (diameter less than 12 pm) was significantly reduced with the increase of nitrogen and sulphur
fertilization, and the content of large GMP particle (diameter no less than 12 pm), tended to increase with the increase of nitrogen
application and sulphur application. However, the distribution of GMP particle number was not affected by the nitrogen and sul-
phur treatments. According to correlation analysis, C-LMW-GS content was negatively correlated with the content of small GMP
particle. These results suggested that increasing nitrogen application had the effect on the absolute content of GMP, while in-
creasing sulphur application affected relative content of GMP. Nitrogen and sulphur fertilization have positive modulation on the
content of large GMP particle, and C-LMW-GS plays an important role in the development of large GMP particle.
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Table 1 Effect of nitrogen (N) and sulphur (S) combination on contents of GMP and its subunits and distribution of GMP size in

wheat
GMP GMP content HMW-GS HMW-GS content LMW-GS LMW-GS content Size distribution
Factor F F F F
F-value Contribution (%) F-value Contribution (%) F-value Contribution (%) F-value  Contribution (%)
N 80.60" 95.48 386.017 74.49 484.19™ 69.27 37.86" 80.49
S 1.82 2.15 27.52" 5.29 23.33" 3.34 717 15.25
NxS 3.11 237 52217 20.13 95.71" 27.39 1.07 4.25
"P<0.05"P<0.0l.
3 , GMP GMP (D
s GMP s GMP
GMP s GMP
(D , ;
GMP HMW-GS LMW-GS GMP 1 F GMP
s GMP
) 2.3 HMW-GS
2.2 GMP 2 P , HMW-GS
GMP , (N240) ,
(N360) (N120) HMW-GS ,
15 GMP , (N240) (N360) 7 HMW-GS



6 1063
4.0 r 2008-2009 4.0 2009-2010
0O so
39 1 @ s60 39
3g | ™S9 38
@ 37 37
g 36 3.6
=
n;" 35 3.5
O 34t 3.4
33 - 3.3
32 32
31 F 3.1
30 ’ ' 3.0 '
NI120 N240 N360 N120 N240 N360
N treatment
1 RAERMBERERINEFR GMP 2 2RIFID
Fig. 1 Effects of nitrogen and sulphur treatments on GMP content in wheat grains
3 + Data are means + SE of three replicates.
®2 AHRWWMRINDEFA HMW-GS B BRI
Table 2 Effects of nitrogen and sulphur treatments on HMW-GS content in wheat grains (%)
Glu-Al Glu-B1 Glu-D1
Treatment | Subunit 1 7 Subunit 7 8 Subunit 8 4 Subunit4 12 Subunit 12 Total content
N120
S0 0.107 b 0.128 ef 0.091 e 0.112 ¢ 0.123 ¢ 0.560 f
S60 0.076 d 0.123 f 0.069 f 0.100 £ 0.101d 0.468 g
S90 0.098 ¢ 0.144 de 0.096 de 0.126 d 0.137 be 0.601 e
N240
S0 0.121 a 0.196 a 0.137 a 0.159 a 0.149 ab 0.761 a
S60 0.124 a 0.177 ab 0.129 ab 0.154 a 0.146 abc 0.730 b
S90 0.122 a 0.164 be 0.091 e 0.137 ¢ 0.145 abc 0.659d
N360
S0 0.111b 0.155 cd 0.114 be 0.157 a 0.165 a 0.701 ¢
S60 0.119 a 0.180 ab 0.109 cd 0.152 ab 0.135 be 0.695 ¢
S90 0.097 ¢ 0.161 bed 0.107 cde 0.145 be 0.128 be 0.638 d
P P-value
N 0.0001 0.0001 0.0001 0.0001 0.0026 0.0001
S 0.0085 0.7113 0.0111 0.0178 0.0289 0.0003
NxS 0.0001 0.0049 0.0014 0.0002 0.0226 0.0001
0.05
Values followed by different letters within columns are significantly different at the 0.05 probability level.
, N240S0 > (N120) ,
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Fig. 3 Distributions of GMP particles volume (A), surface area (B), and number (C) in wheat grain
#3 AZRFTMEMNBEAABRSKGMPRE S BN
Table 3 Effects of nitrogen and sulphur on size distribution of GMP (%)
Volume Surface area Number
Treatment d<12 pm d>12 pm d<12 pum d>12 pm d<12 pum d>12 pm
N120
SO 369a 63.1e 89.4a 10.6 ¢ 99.9 a 0.1a
S60 363 a 63.7¢ 88.9a 11.1e 99.9 a 0.1a
S90 32.6b 67.4d 87.4b 12.6d 99.9 a 0.la
N240
SO 30.3 be 69.7 cd 86.7 be 133 cd 99.9 a 0.1a
S60 29.3 bed 70.7 bed 86.6 bed 13.4 bed 99.9 a 0.1a
S90 27.8 c¢d 72.2 be 85.9 cd 14.1 be 99.9 a 0.1a
N360
SO 26.0d 74.0b 85.4d 146 b 99.9 a 0.la
S60 20.2 e 79.8 a 82.1¢ 179 a 999 a 0.1a
S90 195e 80.5a 8l4e 18.6 a 999 a 0.1a
0.05
Values followed by different letters within columns are significantly different at the 0.05 probability level
253 RARAREERAEH GMP BA k@S 2.6
A 44 % ) GMP GMP C LMW-GS GMP
81.4%~89.4%  10.6%~18.6% :
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Table 4 Correlation coefficients of GMP content and GMP
subunits content with GMP size distribution

8% 7R GMP 99.9%,
. GMP/GMP
GMP 0.1% ( 3), Content of GMP/GMP
buni Volume Surface area Number
GMP subunit i i

GMP -0.73 -0.69 0
GMP , HMW-GS ~0.52 ~0.46 0
GMP R B-LMW-GS -0.20 -0.17 0
C-LMW-GS -0.67 -0.67 0
’ D-LMW-GS -0.29 -0.22 0

P <0.05
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