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Effects of Simulated Acid Rain on Seed Germination and
Seedling Growth of Three Crops
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Abstract: The responses of seed germination and seedling growth of rice (Oryza sativa cv. Yueza 223), wheat
(Triticum aestivum cv. Gaoyun 5) and maize (Zea mays cv. Shangyu 2) to simulated acid rain were investigated by
dipping seeds into solution of pH2.5, 4.5 and 5.6 made from mixtures of H,SO, and HNO,, and into distilled water
(control). Different pH (2.5, 4.5, 5.6) simulated acid rain showed no effect on seed germination of rice and wheat,
but significant inhibition effect was found in the germination of maize. Seedling growth of rice, wheat and maize
was inhibited by simulated acid rain. Biomass and contents of chlorophyll and carotenoids decreased to some
extent in all the three crop species grown under simulated acid rain, whereas no obvious changes in Chl a/b was
exhibited in these crops. There was little effect on Fv/Fm and photochemical quenching of chlorophyll
fluorescence (qP) in leaves of maize grown at pH 4.5 or 5.6 of simulated acid rain, but nonphotochemical
quenching of chlorophyll fluorescence (NPQ) decreased markedly, revealing that non-radiation energy dissipation
in the antenna of photosystem Il was possibly damaged under acid rain condition.

Key words: Simulated rain acid; Crop; Seed germination; Seedling growth

BELFKEmERRE, AR ammEha EEBERNT REZRAAERITATE, 3 M
PRELR TSR H 2300, A6 A #0828 R B 72 HoRR MHRERN LB RS N THRERERS
B SO, NOx SHESE LM T KW ERE. & ¥ 1985-2002, JINTIERSENGMI L3, REFRE
H 2 X % LIS, R X Y ¥&) , 1985-2002 ) FRAE K[ BEKEF pH {7
K, SFER S, F/K pH BE. 25E & . Tk 34-45 MM ERWXEHR S 24 BHEEAMK 17.5%,

I 8% B 9 . 2003-06-09 # ¥ A #7:2003-09-04

EEME : " R EHBRY [T RIAE (2000-10); 4 LT B AR KB SR 4 (0102007A) ¥ B
* iR {E & Corresponding author


http://www.cqvip.com

%45

B RHS U REDR FHEMEERKNE W 401

4248 ¢ 80% Hy b X AN [R)F2 52 B R Y A R .
MK EANBEERKE LR BHREESR
gk, 18 - Bk, BT T, T B EREDR, &
FZEARK. 2EIE 17 MRHHE KB
I HIX, 2B 63%, « Wi ” MR LK R
AR 7E 35%-51%. WRHRESFHERW
ERPRLFIRKRL 40 26461, REH 80 FAF
ST 47 4R T T T R RO R T 5 R ME e R ™,
1H F Gt 50 A [5) AR 15 40 00 R W 654 i) 17 e AL 77 T
M TAERE A 2, 4 LR T KRS Bk D EER
WY PR T8 R0 5 8 AR O BRI RR R A Y, A
BRI 45 F o4 S WL AR S HLEE, b IR X R
B U 5 RAE Y S B B A

R SV IWARES
mwHE REYWS IR KR (O

sativa) B 2% 223, /N F (Triticum aestivum) 75 & 5
SRR ERM, H LR R KZER )R EK (Zea
mays) HE 2 ST . KEMEXM TEHB SRR
Z e r Y R iRt .

ERREOERHELE P 1997 )M
X BE R K (SO / (NOMFIEL B 4 2.74 (4
S REMRE 15, 1997, 77 M v FH 35 3 ool
RRRBEAR), LARBKHBEE/RIRE 275 1 RE
3k HSO, Mk HNO; %, 8% pH % 2.5, 4.5, 5.6
PSRBT W, 1R FRE BRI BK /S, 4
FIRE T& AR pH IR FIRE By 7 AR HR 2818 K
R SR AT P R MY EKRE, BEA
25, JLHBSRAE 4 40u molm s, FGAM4LEE S NEH

HEgERSBROIE FRO.1 g BEE KM f,
LL 80% N HiR H2, 1ZARHE 35 F I 5 AP UV-V 41
Yt ¢ & 1+ (Lambdas 25, Perkin Elmer Inc. USA) #i 52
M ERMEHE PRPEER,

MHEREERMIE  REREF I,
A Bk 1 8 &1 9% 5% 4% (Pulse Modulation Fluorometer,
PAM, Walz, Germany) Jl5€ H K R R K E S
Higk. R (Fo) RFAREEMN 15 min fyH K76
558 EI R &6 (0.05umol m™s™) S FE4 N,
B K% (Fm) W& 7E Fo 2 J5 F 5% v 0 Bk o
(30001 mol ms™) Bk . 245 M B AMH FRARE
il Fo /K, FJ% 38 4 300 b mol m™s™ )64k Y6
B RRNBN S1%¥ . HRE Schreiber 25 ") Genty Z®151
Foyer 42 VWY J5 vk v+ 8 AN [ ) 9% 9% 5 ¥ . Fv/Fm, qP

F1 NPQ.

2 GRS

21 AR EERETH FHENRMW

AN ) AR e e B o] AU R R ) O O 32
BKED KB FHURFEILPFAZEEOR
ma, Xt R AEVEY/NFE BB, HIEME T
EXRMF TR MWK pH K, EXKM T K8
REGBAK, 25 pH 4 2.5 5, HIFRFER A XEE
70%,

F1 HUBREXIBAREDHFHRIZOER

Table 1 Effect of simulated acid rain on seed germination of three crops

8 % # Germination rate (%)

LEZLUES
Crop species pH25 pH45 pHS6 Control
JKFE Oryza sativa 99.20 99.20 100 100
/\\Z Triticum aestivum 94.60 97.17 99.35 100
XK Zea mays 69.84 76.79 79.37 100
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Fig. 1 Effect of simulated acid rain on seedling growth of three crops
A,B: /K8 Oryza sativa; C,D: /N3 Triticum aestivum; E, F: L) Zea mays
<OpH 2.5; OpH 4.5; ApH 5.6, @ Control
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Table 2 Changes in biomass of crop seedlings grown under simulated acid rain for 12 days
YEd s ok /5= Bigmass (g FW (5 individuals)™)
Crops pH 2.5 pH4.5 pH 5.6 Control
7KF8 Oryza sativa 0.18+0.01 (74.11%) 0.23+0.02 (92.51%) 0.24+0.02 (95.53%) 0.25+0.02 (100%)

sNF Triticum aestivum

EH Zea mays

0.46+0.02 (70.00%)
4.15£0.31 (54.00%)

0.60+0.08 (91.22%)
5.14+0.56 (66.80%)

0.65+0.05 (99.85%)
6.82+0.48 (88.50%)

0.65+0.04 (100%)
7.70+0.65 (100%)

FEERAITBAIE 4% Data in brackets are percentage of the control (n=5)
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Fig. 2 Changes in photosynthetic pigment content in leaves of maize and wheat grown under simulated acid rain for 12 days
W /pFF Triticum aestivum; (O XK Zea mays
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Table 3 Changes in chlorophyll fluorescence parameters in leaves of

maize grown under simulated acid rain for 12 days

kb3 Treatment Fv/Fm qP NPQ
Control 0.752+0.015 0.355+0.009 1.802+0.031
pH4.5 0.746+0.008 0.366+0.011 1.436+0.110
pHS.6 0.733+0.005 0.341:0.012  1.341+0.007
n=S5
3 it
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