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Effect of different acidities of acid rain on nitrogen and sulfur metabolism and

grain protein levels in wheat after anthesis

SUN Qisong, HUANG Jie, WU Xiaojing, 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 210095, China

Abstract; Recently, acid rain has become a serious environmental problem in China. Acid precipitation has occurred in
about 40% of the entire area, especially in the rapidly developing industrial regions, such as the many areas around the
Yangize River. Acid rain is formed when sulfur dioxide (SO,) and nitrogen oxides ( NO, ) react with water in the
atmosphere to produce H,SO, and HNO, and deposit as acid precipitation. Most studies have focused on the effect of acid
rain on seed germination, plant morphology, plant carbon metabolism, and grain yield. However, the impacts of acid rain
on plant nitrogen and sulfur metabolisms and grain quality have rarely been investigated, although SO~ and NO; are known
to be the main components of acid rain. Wheat ( Triticum aestivum L.) is a staple food and plays an important role in food
security. It is sensitive to biotic and abiotic stresses from flowering to maturity. In this study, a pot experiment was
performed to determine the effects of spraying of acid rain with varying acidities (pH, 2.5, 4.0, and 5.6) after anthesis on
the activities of key enzymes related to nitrogen and sulfur metabolisms and amino acid and protein contents in wheat grains.
Two winter wheat cultivars ( Yangmai 15 and Wennong 17) were used in this study. The results showed that acid rain

inhibited nitrate reductase activity and decreased the soluble protein content of leaves. At 10 days after anthesis, the soluble
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protein content in Wennong 17 and Yangmai 15 subjected to acid rain (pH 2.5) decreased by 26.58% (P<0.05) and 21.
31% (P<0.05), respectively, compared with that in the control. Glutamine synthetase activity in the leaves was increased
in Yangmai 15 during the entire grain filling stage and in Wennong 17 only during the late grain filling stage. Acid rain
gradually decreased the free amino acid content from the beginning of grain filling stage up to the later stages. The contents
of protein and most essential amino acids in mature gains were increased by acid rain and were the highest after treatment
with acid rain of higher pH. Acid rain increased the activities of serine acetyliransferase and O-acetylserine( thiol ) lyase in
Yangmai 15, but had little effect on the activity of key enzymes related to sulfur metabolism in Wennong 17. Acid rain
treatment also increased the contents of disulfide bonds and amino acids containing sulfur in the wheat grains of both the
cultivars. Thus, acid rain had different influences on wheat sulfur and nitrogen metabolisms, thereby affecting the protein

content and composition of wheat grains, and thus its nutritional quality.

Key Words: acid rain; days after anthesis; wheat; nitrogen and sulfur metabolism; protein composition
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Fig.1 Effect of different acidity acid rain on free amino acid content in leaf of wheat
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Fig.2 Effect of different acidity acid rain on soluble protein content in leaf of wheat
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Fig.4 Effect of different acidity acid rain on GS activity in leaf of wheat
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Fig.5 Effect of different acidity acid rain on SAT activity in leaf of wheat
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Fig.6 Effect of different acidity acid rain on OAS-TL activity in leaf of wheat
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Fig.7 Effect of different acidity acid rain on free amino acid content in grains of wheat
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Table 1  Effects of different acidity acid rain on yield, crude protein content and component in wheat grain

Ryl =N Ayl =N

i P s Pﬁ?’ﬁf o owmam wEA REA EERER BER
Cultivar Treatment (&/stem) (&/stem) Protein/% Albumin/ % Globulin/% Gliadin/% Glutenin/%

pH5.6 2.26¢ 0.30c 13.26¢ 2.38b 1.02¢ 4.68c¢ 3.03¢

R 17 pH4.0 2.18d 0.31c 13.91b 2.53b 1.34a 4.85b 3.44b

PH2.5 1.95¢ 0.28d 14.48a 2.85a 1.37a 5.02a 3.74a

pH5.6 3.05a 0.35b 12.50d 1.92¢ 0.88d 3.52e 2.83d

# 15 pH4.0 2.99a 0.40a 13.32¢ 2.23b 1.05¢ 3.67e 3.05¢

pH2.5 2.80b 0.39a 13.98b 2.44b 1.22b 3.90d 3.66a

T RPEECAFE (n=3) , MR FRFRERALE NG FREEIR P < 0.05

2.3.3 PR XT/INZZAFRLAR BT i 22 R A i B 5 Y R TR

INERFRL B IR TR R A B e , W3R 2 AT LUE IR 0 e s T4 15 STkt
PR i, T 0 3 1 L A B R 7 B Ry, SO 17 R [R) A LR S R S R Y S N L PSRRI AR
PP BB SRR R R A B R T R TR T T, pH4.0 A1 pH2.5 R TR AL BRSSO 17 B AU A S 0 R
AN T 5.97%F17.93% , 77 15 ¥4IN T 4.84% 1 7.63% , pH4.0 £ pH2.5 BRMALFRE VSR 17 —hise &
FEXT BRI T 3.47%H1 6.16% , %42 15 BEINT 2.93% F1 4.61% , FWHAHAE 15 MIH, BRI A4 = 5ok 17
T SR R A

R2 TRARERMNESHREERN MESENZM

Table 2 Effects of different acidity acid rain on sulfur amino acid content and —S—S in wheat grain

st pOBL PR A iR T A5 s
Cultivar Treatment Cys/ % Met/ % —SH/ (pmol/g) —S—S—/( pmol/g)
AR 17 pH5.6 0.254a 0.203ab 3.532d 7.367d

pH4.0 0.253a 0.213a 3.743¢ 7.623¢
PH2.5 0.258a 0.203ab 3.812¢ 7.821b
W# 15 pH5.6 0.221c 0.165d 3.969h 7.878b
pH4.0 0.239h 0.176¢ 4.161ab 8.109a
pH2.5 0.265a 0.193b 4.272a 8.241a

FTRBEAEYIE (n=3)  MAFRHFRRZR AR E /INEFRHFERP < 0.05
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AEFR 304 17 FPhr gl AR A0 Ay IR 1 B B0 HRAK YR I TN T 4.83% 1 8.57% , ¥ 7% 15 % BRAK YK 34
T 14.52%F1 22.14% , Ui SRR M (4% 22 15 4R (0 H AR S0 R 2 S 38 i iR B R T i0Afe 17, HoFpkih 2
B A S R e B A TR B T i

AR AER FREAR SR S ER RN AR R T SRR R R 4 = A Sl AN
T AR i UL AR T — e R T 1 nT AR R/ N (RS R A TR
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Table 3 Effects of different acidity acid rain on the rest amino acid content in wheat grains

TR 5y w17 %% 15

Amino acid composition pH5.6 pH4.0 pH2.5 pH5.6 pH4.0 pH2.5
REZ Asp 0.650 0.676 0.706 0.565 0.618 0.640
25T Ser 0.637 0.672 0.696 0.585 0.667 0.701
BER Glu 4.281 4.555 4.728 3.824 4.540 4.829
H M Gly 0.558 0.572 0.597 0.507 0.569 0.605
414 His 0.326 0.335 0.351 0.269 0.305 0.328
KR Arg 0.614 0.628 0.644 0.525 0.570 0.624
%R Pro 1.295 1.356 1.420 1.099 1.304 1.427
Ji% 2R Tyr 0.371 0.391 0.349 0.343 0.345 0.388
WA Ala 0.496 0.511 0.544 0.425 0.465 0.483
AR Thr 0.397 0.415 0.427 0.357 0.398 0.415
B Val 0.596 0.617 0.640 0.517 0.576 0.607
SSLETR lle 0.441 0.461 0.480 0.386 0.439 0.471
SLETR Leu 0.936 0.972 1.006 0.797 0.905 0.964
ARINETR Phe 0.629 0.657 0.680 0.550 0.633 0.683
AR Lys 0.389 0.407 0.429 0.351 0.378 0.392
ST/ % 12.616 13.225 13.697 11.1 12.712 13.557

3 itig
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PR T XA BR T A R E 30 500, B B 4 RO R (5 IR 00N, 7 — E R JEE LR i ) 1) SRR A
R NS AL A0 R A R T e 5 0, A RS S s TR T A BN A 1 o i TR DR (IR ) A B M
(GS) F R SCHEBEE L BRAR T /NAE 0 by ZUCREIR ATV MR 1 8 i R R T (A
FE TR R R X U SRARBA S SRR HE 5 T/ AR R ORI AR N A RN kR T
ABFFELR AR SRER I (pH2.5) AL FREEAR T/ A2 R NR G PERT ATV PR 8 1 3 B SR BRI m] REAI ] 1 it 5
B A R, AT REA S i AT MR S R R R AT AT RE BT R A R AR P K
PRI TR, AP IT 45 5 R BRI AC IR 5 T ¥ 22 15 A TERIR S 17 W3 S I GS 76 . GS
S ZIIRERE , T AU ACR ] VR R R DA OE T GS TR PSR T AR b R R R LA R
Mot fiz , 2 T 3 i B R PR A 2 1 B LR (AL IR D okt ] R 2 R R A LIS I R i 88 e TR 5 A [ R B2 T v e
FERLEE FBE T B
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T BT LA AR AL 3, SO SRR i A B 7, BUGRR M 7E —E B LR T AR AR SR
PERL, AW R s R AL R 5 1 WAl ot/ N A AR o 5 B R M R B A A, A IR SO7
2t M) — R INE 5 A RO AU SR AR R ER ( Cys) AP LA Cys SHTHAR, FE& MR Z HAT
FEEYADIRER R, Horh SAT F1 OAS-TL J& Cys A R SCHERG ™ ASWFIT 45 3R 10 /R 198 W Ah 24 0 &g
fem T4 15 BACHOCHERETE PE , (AR 17 BACBOCBERG TG PR R AR /N R IR 3 & T 94 15 B[]
FRRE ST X W AT RE 2 AH 42 15 RPRFIPTIERL IR 17 58 SObPRL S Bt 2 B IR & f A2 f R TR 17 /YR

AU/ NA AP I BRER RO 7 R A BRI B SR AL R, T A A MR A
PR T VAT A 286 0 o TREASS ot 7 A TSR 2 A S 4 2R B /s A T R B 4 L v SR 1 I
FEALEEZ W, X A BB t TR MR, BT P Y NOS (SO B B T R L B AL Y AL
SR GRS S B S T AT D A AR S, FE R B R T A R i AR TR Cys
Fil Met BOZE BRI, BT BREE 1 Cys P B (—S—S—) 1 Bl T34 i T 5 A 07 , S0 i S/ 22 1
AR, AT AR TR R T A AR R R R A o S R A Aoy, AT REA B TR A /N A PO 17 0 Tk R
o BRI T35/ 22 15 TN T ah BN . /INARERLEE 1 5 2 2 1 4 5 2k 119 i vt E MR
PR B B R ARV A

25 LTI AL AN R R BE R R AR 1 /NAS R L™ b, of /N B AR 77 A T — s R0, R R Ak P4 1]
TR NR (&P EREIE RS R T GS T R R R B RS, RPRLER 1 S AR BUR Y, B
PR T RPRI MR S KPR R i R I iR S B SRR AN B A A T R RN
Ir dt AR Ry, AEO P A /N2 T T i A A R B2
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