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grain yield in plants subjected to simulated acid rains from heading to grain filling

BEBEERIEAHKBIERRNZEE

were not statistically different from control plants. Oxidized glutathione (GSSG)
contents in grains of acid rain-treated plant were significantly lower than that of
control. However, no statistical difference was observed on reduced glutathione
(GSH) contents and GSH/GSSG ratios between the treated and control plants. The

B RAER
Bl o Lok A

aging test was further conducted on the rice grains. The harvested grains were aged
under 40°C at 100 % RH for 5 or 10 days. The results indicated that the germination
5 e ’ speed (imbibition three days) and germination percentage of grains treated with pH

2.4 H,S80, were significantly lower than those of control, as the aging duration

DLKRE BB Ko B LB B A » FE o B SRS B TR R /T AR 28 AP
FEBETE R HA By ) B K 75 BT 38 pH2.4 ~ pH 3.4 H, SO, WA 3 mM Na, SO; ¥
(L PR R T pH 3.4) © 5125 m? PIREE208R (1T BREE % 25cm) > T HE
JLISFT00m] > g — K 2UREE - BEAE K o BETE AR A E Rk 7L T HA T R
BT EEE, AIEAEEEDN - BEHESR  BREEE - BERBR TR ER
B sk B IR ST b B e B o WRETR R 2 AL BRI H K (oxidized
glutathione, GSSG) & B HIREHZ OB © BE e H K (reduced glutathione,
GSH)& 5 & GSH/GSSG Ll fll 4> BIME A B o i il Bk EMGT L BEEE
B o JREMS IR IRA0°C 5 100 % AHEHREE LRI ~ 53U10%k » B BRI
s L R RSB AN > pH 2.4 Bt e W ol KO RE RO 3B0RE EHFHEEBRE=ZHA)K
B 5 28 B A S S SR BN B B B LR B T o BRI S » FEARBRG
THAE L KEEER SR R HPME AR EaEBE - | R LAY
GSH ~ GSSH & 83 {1 T T {1 i TR 6% SR SR R AL 2 R RO A VT RE | i 28K
TSR 6 T R T R SR o

BRSRTF © WRECHLEE S BN ~ BB OK AR - I o

Effects of Simulated Sulfuric Acid Rain on Flag Leaf and Seeds
of Rice.

Wei-Yu Chou and Jih-Min Sung (Department of Agronomy, National Chung
Hsing University, Taichung, Taiwan, ROC)

Abstract: This experiment was conducted in the second crop season of 1995 in the
experimental farm at the National Chung-Hsing Unicersity using rice variety TK9
as testing material. Simulated acid rain (pH 2.4, 34 HZSO4 and 3 mM Na,S0,,
titrated to pH 3.4 with 95% H,S0,) was applied to the rice plants at heading and
Jor grain filling stages. The treatment was conducted as the follows: 700ml acidic
solution was sprayed to rice plants (20 plants/1.25m2, spacing 25 X 25 cm) in five
minutes every other days for five to ten times. The results indicated that the soluble

protein contents, chlorophyll content, electro-conductivities, weight/1000 grain and

of rice grains.

ai

1]

DB B R TT R PSP R
By & BAEE -+ AEE TSN o HLURE
#5100 » BIEESENEL0 - k1506 »
S ~ $1 ~ $54H & (Pitman and Cram, 1977;
Raven 1980) ° S/N ELBU#G£51/20 » HEIEHER
S W R R B R e — el R -
&Uﬁj  EA R BRE RS B W B
Rl RIHYHEMEERS » FINE
HORIEFIE o HARFWI S BAEEK
FHIFE25mM o K H#90.1-1.0mM > — AT
#F 1 B %9 0.5mM(Evans, 1975; Raven 1980;
Syers et al., 1987) o HA B AR Wi & B @
TR BHBUBHEEYEAEE | B
HREURBERE XA BEDF R » 8
iz T AT R B R S B IR AN B
HHRS TR RA R TR o
FiLLS0, % 2 T A PAH IR ER R e - 3%
T 2YOER TR % F 9 R FEF AL (Evans,
1975) 3lf; #5882 HAMERAL » B EH10-20%
EL S0, B EME - A RMBEES

increased from O to 10 days. In this specific experimental condition, the simulated
sulfuric acid rain treatment from heading to grain filling stages showed no
significant effect on the agronomic characteristics in TK9 rice plant. But, the chang-
ing of GSH, and GSSG contents in grains and results of aging treatments of grains

showed that the simulated sulfuric acid rain could reduce the quality and longevity

Key words: Simulated acid rain, Glutathione, Germination, Aging.

R o AR B K LB R R B DL
SO, %" & 34 ¥ £ (Syers et al., 1987) ° & 4f
SRR & 2R 88 ST AT R AR =
HITR (sulfate-S) 7] B AR E ) R 8 » {H It
YA ER A ZE - Sk
N~ PEK AERMIER MHEE - ShEERE) -
Et o B AN FREEN ~ PRKE » BIES L
B ZRIT R ZER  EIN R SIEA1 S B
FTIE ~ LDEE I B T EE UK o
HPEARAREERBRELE » £k
ERP I ZEAR ARG SRS
AR LW ARG o K& AERER L
BRRL » BIANEE B MBS, o TR K B RR
ALY I = RALT(SO0,) ¢ B4t EIRHR
WA BN EIRRERERT KEBEHEA
SELYI(NOx) o EERFE(L & WI%R A RIK E
TS IR R B > BN TR -
SO, B HSO, ' #HE P 1Y 4 {1 8 4= 7
FEBIE BB FMCHE T (Zeigler, 1975
Malhotra and Hocking, 1976) » {EY) 0 /EFE %
B S0, 2 R HSO, - A B M SR A B R A
SO,2" » DITIREEE o AR R IER
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B > WHS0,2 EALEES0,% o

FE ) 4 B8 1 1% (acid precipitation) ) &%
YR B A E 8 (cuticle) » FFE REBER
EeME IR e R A E B R IR E (Evanz and
Curry, 1979; Caporn and Hutchison, 1986) © £
DASIBEE T ~ BT ~ R EB R AR
BB ~ TRV ~ BRI (pH3T4.0) ¥
AEBETEENCRE  BEMRTE
BEAZESME MH > ARBEHETEE
2O R A BN 2 R (Hugh et al,
1993) ©

Porter and Sheridan(1981) 3 I 545 BRTN
d > pH2.0HI T FE R LLpH2 O IR BRFR 3 S
BREEERNAEREE  BRRWAREE
WS HIIR LA HE ST © Cohen et al. (1982) TR
BMBREMBOEABRTHLERRNES
% X Brassica japonica®JVE  HE2HEE
B IEAFHE . o Irving (1985) FIJ 3 3R B B T
D50, 2" B NO, 1" 22 {55 L 8 156 755 F A 5 5 1
B R ATIRE © B4 > Misra et al. (1989)35
R e KBRS K RER - B
W HILEREHEE RO

HEEEHRERBENIORRS
BAETFHAERNBEELE - HREXE
fE % WIS E BUR Z BRANK
REEMTAZR o (B2 » HRBR T
+MEBAERKFREMHRKETS » BN
FHRBAENKBXAEER  HHRER
B AR ? AIREHMENER - FHik > K
RBEERBETRRERESRERY
KFARIZEIEMRE - KA E O E R
5y kT P98 B H K (glutathione) & & K& T
BB o

MR TR
(—)ME 2 Tafs
Dk EBEXESEREME » £
#A2GhHR)REEETRERE /AT HE

T HAE » BREE25cm X 25cm 0 fEAE R E H
Hik—ER AR BB /\HZRIEE

W e T R B o
(DB R CHEERSHERE

DARFESENTEEERRBESY
fE R FR T P B SO, BB T 2R B4 - AT
o BEHNKBERZEE o TR
RFEEE - FRE— KRR > 2
55 1.25m? AR 20 R (THREE & 25cm) » 7L
S8 LB T00ml > EEAE TR 0 R
HARILIPVCHE B AR R - DA SR AR T4 »
i EESREST AT - BB
BRZEE o EREHERELT

SRR RANDUBRER » IEHARIE A o

BB — o LL95 % H, SO, AR N AZR B K
% pH34 55 I » B Atween 20 EIRER
0.02% ©

FEE T 1 BL9S % H, S0, #RAR A 3mM
Na,SO, # ¥  EpH3.4 £ 1k > F Il Atween
20F EAER0.02% °

FEEE = 0 BL95 % H, SO, AR AR I AZE B 7K
ZpH24 B 1k » F NI A tween 20 ERE R
0.02% °

(Z)REHEE
AL EFBIREEE
B RIBEZE [ F (E120.65cm)5 7
RN A& 10ml BT AKRAE S - £
VB TS E 24/ N 0 I Suntex
TABE T AINEEEE -
bEFEMRKSE
BOHY 15 B ZEE A E R s - Bl
ml sodium phosphote buffer (50 mM, pH
6.8) FFBE R 358 » HY40 1 LR D 2T
BN A 960 p 1B BITERS » 1£4°C » H&
B RRENSEZH o £4°CT L
1000g 8 0y 155> $& » il BV WAE B &

665nm ~ 649nm T 2 L SEAE o HEFRHEE

4 % & ¥ (total chlorophyll) & 6.1 X

A665 +20.04XA649(;1 g/ml) * ﬁﬁf et

o IE % % S B (mg/g f.w.) A B total
chlorophy11 X 1000 <40 = 1000 =+ g. fresh
weight °

T PSR o R R R R By 2 i 147

cEFTRAEREHEEE

SRS A EEE A E S R R o LU
Iml sodium phosphate buffer (50 mM,
pH 6.8) WHERIGE » 7£4°C T LL17600
g B 0205788 o B EVEWR20 11 0 DA
5ml dye solution » F#{E& 104388 1% I E I
£595nm TZBOLE - HEAREREE
DL/ & H (bovine serum albu-
min) f HEERE HTRZR G5 > HEBLRE
0.0l glem™! o BN EEE S EH
R EEER XSG S + YIHEE
B8+ 1000 = mg/g f.w. ©

d. 8% H K (glutathione) & &4 H7 ©

4, ¥5 reduced form, bound form,
oxidized form AT 40T
04 %) # K 0.5g BA 2ml, 5 % SSA
(5-sulfosalicylic acid, W/V) N & 1ImM
Na,EDTA, 4°C THEEZERL » e » AL
5 YR B GSH/GSSH » VA {7 i
Hlbound form glutathione ©
#Hl % Total GSH B » 700ul daily
buffer(NADPH) + 100ul DTNB - 100ul
R > 30°CoKFHEBI 10938 » H110ul
GR > PA412nm I B 7 fEH 2R o
% oxidized form(GSSG)HF » B k-
& ¥ 200ul + 4ul vinylpyridine B ZUFEE)
' oo Wy E BE R AR DA 6ul 35uM
triethanolamine, B8 B W pHAERF 26~
7 » #pH K7 BU A I 25 triethanola-
mine * 30°C TEF&E 60mins > EX25ul 2l E
PAR T
7 bound form (PSSG)HF » HUFE &
LA 2ml 20mM phosphate buffer pH 7.4
(5 mM Na2EDTA, 10mM DDT) 5 fff BY
> 30°C BB B i AX 60mins » B0 $2 400
Hitotal form H ¥k o
T ® Reduced form(GSH) = total
form — oxidized form

e EMFRBE LB A

Bk KB ¥ K FE & LU Plant Stress
Meter #] 2 (Biomonitor, S.CI. AB,

Sweden) » SERFEOL IR R EZER » BN
1058 E» BHEZ °
BN EE R

PR - TS s —FERE - TR A

ETHREE o
g KB F AL B REFESE .

W R 18 2 FE T 2L40°C » 100 % 48
HIREFEE TRESKEI0KE » &
TREHRE > AEEE260 L 1CTHHF
HWEGHMN)KISHHNZBIHE o

5 R Bl 59 5

TEBATE W A AR B R > AT AL
BHUKEEE LRI EER FETEEE
BIE R » 24/ 2 BB R IR E IHAELE
B RSEDEERERETF KL &
BHZERE S PEMA LT K @
F—  ERTHIMEEE tween 20 R HHEE
mip > R HEHMPBERRET » 1
LRI 2 B Bltween 208 R »
A NEE SR B AT O BT 0 T
R R LA LT KF o EEY
MEZWIEE FHEMERACEEERE
L P9 259 5 18 Ho i B 4% it VA R P R R
AN o AR K o FE B TE AR
BipmgE » HR— T HpH24 27 RHE » £
FRRESERSHEMmBERE | HEESR
Ko BEHEREGZRGEEZERTK o kKB
MEOEEE > HLUREHER SR EEE -
{HZERPKRIEE o

75 B 7 B Na, SO, R B SR i SR (3
IR EZR P LIS » WRFAB T ST o
RREF ZREHEE T » Na,SO, REFER
BOTUE B > P B — i B R B R
ZAERBBRE o MEARTEMBBEHEEY
EEBRMBRER  HEEARPHERIEE
WM EBEBRARE  EARBPIHRE
RECZR . pH3.4 Na, SO, VWA i 12/ N B
pH B E % E pH3.0 [t iT » {H K& Na, SO, #J
pH3.4 K pH2.4 5 it B v V% B 46 BH B 2 pH B
B E) > BHRNa, SO, B RIEH A RRE | 8
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Table 1. Effect of simulated sulfuric acid rain at heading on flag leaf of rice cv. TKO9. . . . .
~ Table 2. Effect of simulated sulfuric acid rain at heading and grain filling stage on flag leaf of

No. of leaf Conductivity Chlorophyll Soluble protein rice cv. TKO.

disk floatin u Q/em meg/g f.w. mg/g f.w.
g 8/g &8 Treatment Stage No. of leaf Conduc- Chloro- Soluble

Check 17 2066 3.25 45.56 disk tivity phyll protein
.59 + 334 0.34 + 3.66 floating # Q/em mg/g f.w.  mg/gfw.
pH 2.4 .33 2334 3.35 55.93 ~ Check heading 2.50 1566 3.30 51.11
.33 + 176 0.27 + 3.52 +0.29 + 240 +0.16 + 2.32
pH 3.4 .83 1900 3.51 52. 08 grain filling 3.83 1966 2.97 30. 04
e © a04 0. 36 L e +0. 60 + 318 +0.28 + 3,97
pH 2.4 heading 0.17 1434 3.35 51.52
3mM Na, SOj 0. 67 1700 3.70 47.84 £0.17 + 134 0.28 + 2.16
and pH 3.4 +0.67 + 174 +0.29 + 3,32 grain filling 2.67 1434 2.71 38.92
+1.30 + 66 +0.36 + 4.87
H34 headin
WEARB N, S0, REZ AT HEN MRS HESE A SRELLAI - ' e 1o Lo Lo e
¥E {5 3% (standard error) F B W K o B B BERTNEETHERNERESEEREE grain filling 3.50 1334 2: 75 w41:53
Na,SO, BEH KBLEFZHEEFE—F EAGERESEATRBRFEN  BF +0.58 + 186 +0.18 + 0.99
Wige » EavmASEEHMETZ o BIE ) £ 3% 7R B8 TR pH2.5 Bl % R B 4 0 KL AEASI( ,
e e —— . RN . PN ; 3mM Na, SO, heading 0. 50 1600 3.45 47.20
ErEEMERRES F HY $H 15 4 e T B9 red spruce)ﬁﬁﬁﬁ&ﬁ@ﬁﬁ%ﬁiaﬁﬂﬂ and pH 3.4 +0. 50 + 100 40 14 .
%o B - 1 R P LA SR 0t R graing filling 0,00 " 500 g e
BN ESR-REEER G R CEBIEZEE AR T 0,00 sy o0 IR

) SR KR (AT ER RO 1 SR B AU Z (Bamus and
B TS B RA S R AN FE T o B HA OB T Fowler, 1990) » EfEE R LB EFBRWRE e -
FuER LN EAEEFRUAKET  GEFEREE . WRFLAGEER L RE BHARMERSARER GN SRISRABURLDE

K2 P g o BETEHApR P v M (B A 5 B A TS 2 Faﬁ@ﬁ%ﬁﬁﬁiﬁ‘éﬁfﬁ@ﬁﬁ Table 3. Effect of simulated sulfuric acid rain at grain filling stage on flag leaf of rice cv. TKGS.
HEaR - KBEMEAESENEPRE BENFEY > EFBURRRD BB E o No. of leaf Conductivit Chloronhvll Solubl :
R WM TR EE LS R RAR TR R R R — 3R dick float ’ TP oubTe protein
. i o e oating « Q/cm mg/g f.w. mg/g f.w.
WEERBREAKEEEOESE o EH IE 4% 3% 4% S K FE (Bolhar-Nordenkampf and
BAMEEE > ENEAREAKEEERE Oquist, 1993) 7R # » 1R M ° P RIZE Check 3.17 2066 3.03 35.97
SEHURITBHARBNTHE - B WH SR KEEEHESE - BR +1.59 + 334 +0. 12 + 1.25
BN AEPER - REBEEARRIER EMERIEGERLRES Y RPEER pH 2.4 3.83 1400 2.90 32.96
ME=> KEFHESMEEERETHEE T EABRAABRYS SN EERET S +1.17 + 152 +0.09 + 4,37
Bo HAK L KFARTWENE BN EY EREE MEEEhBRTHE - RE pH 34 3.33 1334 3.20 32.87
(Misra et al., 1989) » HEEZ 3 Z BRF pH{EIR BREESYREEEER +0. 83 + 34 +0. 30 + 2.66
HRE SR ; TTHE LA 7B A (R pH E AR R Lee et al. (1981) T2 B8 2 Wi AR T & M N
CEEEEER  FESNEEENRE  SEEZEE > BHpH30  35RA0ZT %2505 3.33 2000 2.98 35.25
and pH 3.4 +1.20 + 306 +0.13 + 0.56

975 140 B A P PR A ] L ERET o SRIE31 ~ 28 B STRIEMIELS HIR G E R
BEEEBNEESEMERBES (BESEET AR ABSLREDE

{3 H43E (Evanz and Curry, 1979; Caporn and EARRMEFREZR  —REESEPEE

Hutchison, 1986; Hugh et al., 1993) » HHE MRERERSERBRECEEEE - 2
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Table 4. Effect of simulated sulfuric acid rain at heading and grain filling stage on

chlorophyll fluorescence of flag leaf of rice cv. TK9.

Treatment t 12 F * Fm#* Fv*/Fm

(ms)

Check 107.1 0.467
1 +0.008

pH 2.4 7 0. 446
) +0. 009

pH 3.4 4 0. 462
2

+0.029

3mM Na, SO, .9 0. 454
and pH 3.4 .8 +0. 006

* L Fy > minimal level ; Fm . maximal level

Fv . variable level =Fm — F,

e BT AR R 7T B M4 VR S JK U B W e B B BE LR KRR B B IR 2 B
Table 5. Effect of simulated sulfuric acid rain at heading and grain filling stage on yield

characteristics of rice cv TK9.

Treatment Plant height Panicle no. 1000 grains Grain no./  Fertile Yield
(cm) wt.(gm) panicle % kg/ha

Check 106. 16.7 23.4 123.

88.7 6771
= 1.6 = 0.5 = 3. 2.2 * 463

2

0
pH 24 . 15.4 22.8 118.2 90.0 5970
+ 0.8 + 0.3 0 1.2 £ 128
5
7

pH 34 . 17.2 22.5 91.6 5758
+ 1.4 + 0.2 1.5 =+ 129

3mM Na, SO, . 14.1 23.5 . 91.8 6392
and pH 3.4 . £ 1.2 + 0.8 .8 + 1.3 £ 934

BT S T P E S B D ZBEE © LA ) 5 PTR S b (Oosterhaven et al., 1995)
TR KA EIEE A E 2R E(L &P (thio T EC At 336 55 40 87 8 -7 75 % 55 (Chen and Kao,
compound) ¥J B 90 % & LL #& Mt H X 1995) » 7R B /NESHE T % H E 5 % (Kobrehel
(glutathione) & 3\ 77 7E (De Kok and Stulen, et al., 1992) ~ T8 K Z85E 7 (KK (Fontaine et
1993) » BB H KRS R AHITEEZ 2 al., 1995)Z A B o BB AE BB HAZE

T B A o IR B AR RS B ek 2 i 151

HIFTGE » MR A BBPH2LARPHIA LR A E R 2 — ) TRk 75 A R
MR ) KEERETNRERME B2 R > (BRI E R A R T A

RS RVRERHEM - HAHAEHE  EROsEABE - B4 > MBS TRE

ok FAEE B AR R AR > R 8 PR T B 2 o S A R A o
@%ﬁﬁif%?%ﬁfﬁiiﬁﬁﬂﬁ; A S R R T A & B A R
TREPEET M - GUETED ~ BF g s R S8 R 00 K TORE T TR IR o

BREFREE © . \
N e i 5 e i PR 2 — i FR T BB M A B i BE 4 I R R
EEEGWHJE@FE@HEE%E%%[&#{%% ijp% s @Iﬁtﬁﬁaﬁ_—iﬁﬁé‘ °

LB HAREBRARHABCEE BT

b e 5 U R A R BN 5 TG Hughes and Cox(1994) {8 i 7F A B H E
R ETT MA0°C » 10096 ez mg o0 1 PR (mountain paper biret) #57LH
THAFA T LB o fhE— o 4k 1T B HE TR E KRR | fiPalokangas
(LR ER R T B 4 MR O T T B et al. (1995) 7R #& Hi H & (Phratora polaris )
AT BN AR AL EER TEASE 5% e Y T i ) R ) B 7 P B A 8 R A
HHETFRYEEEESZE > B2 ER VIR E A S W R E T o RN i
SE10 HESS RAIREE B AR maE RS RE RS R A A R
FRHFRTETMEEE - MpH24MME  FERENRWRERENEIT @9t
HGEREHELENRERZ - EEBTREH e AL > HRMN TR B E
B EBERNEEZT » BEARKBRIZEEE RER o

TN BATCH R RIS H A S B S R R BRI 3 S B UK IR R K B H K (glutathione)
BRIE

Table 6. Effect of simulated sulfuric acid rain at heading and grain filling stage on glutathione
content in hulled grain of rice cv. TK9.

Treatment Reduced form Bound form Oxidized form Reduced oxidized

u gfgrain K g/grain 4 g/grain ration
Check 1. 344 0.502 0. 067 20.07
+0.108 +0. 007 +0. 005 + 1.11
pH 24 1.237 0. 437 0. 047 26.93
+0.068 +0.024 +0.003 T 3.32
pH 3.4 1.078 0.417 0.039 28.27
+0.104 +0.062 £0.005 + 2.48
LSD 5% ns ns 0.015 ns
3mM Na, SO, 1.344 0.500 0.051 29.57
and pH 34 +0. 046 +0.022 +0.010 + 8.36
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Fig.1. Changes in germination rates of accelerated aging rice seeds imbibed for 3
days. Seeds were harvested from rice plant cv. TK9 treated with simulated
sulfuric acid rain (— @ — check, —O— pH3.4, —V — pH2.4, - v -
Na, SO, (pH3.4) at anthesis and grain filling stage. Coarse vertical bars
indicated LSD at 5% level.

100 i}\\ é
>(<’V

w
o

0
@}

Germination rate (%)

A

0

Aging time, days
B = BETEHA R Bk 75 S R S KRR B B LKA T E (L
RERXSETAOSFEIRE o
Fig.2. Changes in germination rates of accelerated aging rice seeds imbibed for
15 days. Treatments were the same as those in figure 1
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