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Effects of different acidity acid rain on yield, protein and starch content and

components in two wheat cultivars

BIAN Yajiao, HUANG Jie, SUN Qisong, JJANG Dong, JIANG Haidong, ZHOU Qin "
Ministry of Agriculture Key Laboratory of Crop Physiology and Ecology in Southern China / Jiangsu Province Hi-Tech Key Laboratory of Information

Agriculture, Nanjing Agricultural University, National Center for Soybean Improvement, Nanjing 210095, China

Abstract: Acid rain is a worldwide important environmental problem, and might be a long-term trouble due to the rapid
development of industry. The south area of Yangtze River is one major acid rain region in China, where crop production is
severely limited by acid rain interacted with acid red soil. Wheat is the third largest crop in China and the second largest
crop in Jiangsu province. Both yield and quality of wheat are of importance to food security. Wheat may suffer from acid
rain stress during the whole stage, but the later growth stage of grain filling is more critical in determining grain yield and
quality. Although the growth and physiological characteristics of crops exposed to acid rain have been broadly studied, little
is known about the effect of acid rain on wheat quality. Here, effects of acid rain on wheat yield and quality in wheat were
investigated. Two wheat ( Triticum aestivum) cultivars of Ningmai 13 and Xumai 31 were selected in a pot experiment in
Pailou experiment station in Nanjing Agricultural University, Jiangsu Province, China. Two acid rain treatments, i.e. by

spraying solution of pH 2.0 and pH 4.0 were implemented, and that at pH 6.0 was set as control. Acid rain inhibited the
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growth of wheat. The dry weight of leaf, stem and ear under both acid rain treatments all were reduced as compared with the
control. Grain number per spike and yield per shoot of Ningmai 13 was significantly reduced by 48.6% and 56.9% due to
acid rain of pH 2.0 as compared with pH 6.0, respectively, and those of Xumai 31 was significantly reduced by 31.2%
and 40.1% . As to wheat grain quality, the influence of acid rain was more complicated. Contents of amino acids in wheat
grain of Ningmai 13 and Xumai 31 under acid rain of pH 2.0 increased 36. 6% and 30.9% , respectively, as compared
with control. The content of total protein in grains of Ningmai 13 and Xumai 31 under acid rain of pH 2. 0 increased 20. 6%
and 15. 1% , respectively. Acid rain increased contents of albumin and globulin, while decreased content of glutenin and
the ratio of glutenin to gliadin. Compared with the control, the albumin content at pH 2.0 in Ningmai 13 and Xumai 31
increased 13.1% and 23.9% , respectively, and the globulin content at pH 2.0 in Ningmai 13 and Xumai 31 increased
35.7% and 100% , respectively. The other protein was also increased by acid rain. While glutenin content at pH 2.0 in
Ningmai 13 and Xumai 31 decreased 4.4% and 15.2% , respectively, as compared with the control. Acid rain decreased
contents of soluble sugar, starch and fat in wheat grain. The total starch content of Ningmai 13 and Xumai 31 under acid
rain of pH 2.0 decreased 11.8% (P<0.05) and 20.2% (P<0.05), respectively. Acid rain also reduced amylopectin
content, but has little effect on amylose content. As a result, the ratio of amylopectin to amylose was also decreased,
although the difference was not significant. It is concluded that acid rain influenced both wheat yield and quality. Although
acid rain enhanced protein content, grain quality was negatively affected as exemplified by the decreased glutenin content

and ratio of glutenin to gliadin and amylopectin to amylose.
Key Words; simulated acid rain; wheat; yield; protein; starch
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Fig.1 Effects of acid rain on leaf dry weight of Ningmai 13 and Xumai 31
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Fig.2 Effects of acid rain on stem dry weight of Ningmai 13 and Xumai 31
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Fig.3 Effects of acid rain on spike dry weight of Ningmai 13 and Xumai 31
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Table 1 Effects of acid rain on yield and yield components in two wheat cultivars
o AR BARIRIEL TR E IR/ ML EEMANE Y il s
f b AbH pH .. . . . . .
. Ear number Grain number 1000 grain Degraded spikelet  Fertile spikelet Yield
Cultivar pH of Treatment . . . e
per plant per spike weight/g per plant per spike /(g/PZE)
TE 13 6 7.3a 69.0a 37.92a 0.3d 19.0b 2.6la
Ningmail3 4 7.2a 52.4c¢ 36.31b 1.7¢ 17.0c 1.90d
2 6.6b 35.5e 31.79¢ 3.3a 16.3¢ 1.13f
rFE 31 6 6.5b 68.2a 36.34b 0.1d 22.3a 2.47b
Xumai3l 4 6.6b 61.8b 37.05b 1.3c 20.3b 2.20c¢
2 6.2b 46.9d 31.67¢ 3.0b 17.0¢ 1.49¢

RPAF/NG FRFR R BF

2.3 PREIX/INA R A B i A

N [ P JEE TR R RS /N2 A 55 o S L Y

I=VA
7

Wi AN 2 Frzs , R AL PR i 1 /NS kR S

FEE BREAMBEREA S, BB, R, T 13 MR 31 pH (H 2.0 A B EA S &
A3 W HE T R RS 20. 6% F1 15. 1% (P<0.05) . T2 13 pH { 2.0 A PRI R &8 B E S TAIR, 1483 31
BREE i W TR i A P S X R 2 RN R A R A O T B RN R AR i 2 R S AL
I Ea A BIAS /N R IR — B, TRW AR RRAR T A8 A & &, U HURRZZ 31 19 pH {H 2.0 kb3, &

FAR TR IR A X ALY 84.8% . pH {H 4.0 AL T A4S/ BEEmg v T X6 B | L8 4% 16 TR AL B ) 45/ BSR4 (G T 0o R
F2 BEBWUAERMNAEFNEAREIEASSENIIN
Table 2 Effects of acid rain on contents of crude protein and its components in two wheat cultivars
B b b2 A/ N /i T4
- T T T
Cultive H of treatment Protein Albumin Globulin Gliadin Glutenin Glutenin/ Other protein
s P o freatimen /% /% /% /% /% Gliadin /%

T# 13 6 11.41¢ 2.21c¢ 1.29b 3.35cd 2.71ab 0.81 1.85b
Ningmail3 4 12. 04be 2.38c 1. 60ab 3.17d 2.49b 0.79 2.39ab

2 13.76b 2.50bc 1.75ab 3.97ab 2.59b 0.65 2.96a
iz 31 6 14.05b 3.18ab 1.15b 4.13a 3.03a 0.73 2.55ab
Xumai3l 4 14.55b 3.63ab 1.71ab 3.65bc 2.88ab 0.78 2.69a

2 16.17a 3.94a 2.30a 4.24a 2.57b 0.61 3.11a
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Table 3 Effects of acid rain on contents of starch, soluble sugar, free amino acid and fat in two wheat cultivars

A EER

“\~ 1Y TR v -/ FIRAY Sl =]
P IR pH BIEH HHEER ifr‘uﬁl’*ﬁ S/ . AR A Free amino lisii}
. . Starch Amylose Amylopectin ~ Amylopectin  Soluble sugar . Fat content
Cultivar pH of Treatment acid content
/% /% /% / Amylose content/ % /%
/(peg/'s)
T# 13 6 72.0a 14.1a 57.9a 4.20a 5.57a 157. 3¢ 2.04a
Ningmail3 4 67.3b 13.0a 54.3a 4.0la 4.19ab 165. 8¢ 1.92ab
2 63. 5hc 14.1a 49.4ab 3.53ab 4.81ab 214.9a 1.85b
# 31 6 68.3ab 13.8a 54.5ab 3.66ab 4.04bc 149. 6¢ 1.86b
Xumai31 4 56.8cd 13.5a 43.3b 3.28b 3.62cd 198.3b 1.76bc
2 54.5d 12.6a 41. 9b 3.29b 3.15d 195.9b 1.66¢
3 i
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MR A 252 = i, BRI IENA T 4842 31 AW M= BRI B /N T 7 22 13, 3R AR ZZ 31 $LiRwNRE )
ST 13,
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