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Effects of Acid Rain upon Soil Acidization and Growth/Development of Rape Crop in Its Middle—late Stages
LIANG Jun'? ZHENG You—fei', LI Lu', MAT Bo-1u'

(College of Environmental Science and Technology, Nanjing University of Information technology, Nanjing 210044, China; Agricultural Col-
lege of Guangxi University, Nanning 530004, China)

Abstract: There is a close relationship between growth/development in its middle—late stages and yield/quality formation of rape. By spaying
and soil columns leaching experiment with different pH values of AR, the impact of simulated acid rain on soil acidification, plant growth,
flowers and pods breeding and some biochemical indexes which related to yield/quality formation were studied under the natural field ecolog—
ical conditions in its middle—late stages of rape. The results showed that soil acidification greatly related to pH value of acid rain. Soil buffer—
ing played a dominant role in the soil acidization and the soil ecological environment recovering in rape field. pH<3.5 (AR) could restrain the
pH value of soil, reduce the soil amortizing, boost the soil acidification, increase K, Na, Ca and Mg ions release from soil in amount, impede
the plant absorbing nitrogen, and the aerial growth of rape was suppressed at the same time. With the acidity of acid rain elevating, the plant
height, leaf areas and fresh weights diminished. Surface of leaf burned and some brown spots appeared. More chloroplast of rape was dam—
aged, which resulted in photosynthetic rate reducing. The flower damage rate was up to 68.22%, the top of inflorescences occurred atrophying,
some petals crinkledz, pods decreased, large amount of flower/fruitlet dropped off. Under the acid rain stress, the cell plasma membrane per—
meability, malonic aldehyde (MDA) contents and peroxidase (POD) activity would increase correspondingly. The fluctuation of catalase (CAT)
activity occurred in lower pH value of acid rain. In conclusion, the acid rain had adverse influences on the yield/quality formation by impact—
ing growth /development in its middle—late stages of rape.
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1.1 #R 5 ey

S E R VA A A B | AR 2 DR H S M I oy N 2 [ |
A (AL 4R 320147, 7R 48 118°427, 14K 21.9 m), itk +
e R KRG £, bR S5 SR 5] — 8, HEA B
PRI 1,

T A A BTG 2 24 A8 TSI T HR O O XU
ZAE AT AR L5 (Brassica napus 1.). 2005 4F- 9
AapsERe, 10 H T #&.2 H20 HE3 H 18 H N
a3 H19HE 4 H 18 H AW, 4 H 19 H
25 23 HAMREE R, 245 258 d.

1.2 BRI RYEC Hl

HRAE e A B TR A A W 2004 ARFR
WD A} B R AR 5 A R AR B T B 2 BB K HE(S 0%
NO;=4.73:1), /| PHS-25B BUFR T HAC A% pH (E R 1.5,
2.5.3.5.4.5.5.6 MR -G LILIIR R , #4¢ Wil s B i o2 14
TR TR 25 T B3 LA -2 8 R AR S NI IF o 46 AL,
FEASADLR W P AH O, e A 28 S BB 1 1y TR A JE 1Y)
B AP0 R W9 A% 5 43 90l X R : AR1.AR2.AR3 . AR4.,
ARS5,CK JH pH6.8 1)—XK LB F 7K, H 1€S-2000(3%
DIONEX 2\ w] ) B~ (3% S o IR T 5 5 10
Wik 2.

1.3 K HEBE#iXLE

KHHEACH 32 mx21 m, A 6 MEFE 3 A~EE, H
FXBE P 18 /MK, /NX AR 4 mx2.5 mo
S — SRR M B[R] R 2006 4F- 3 A 10 H, A/
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SEWEK, ISR AT 2 (5 A 10 H)S5H, Jemik
T 13k, WhEERZAEMIE G 10 H—4 A 25 H)
TP 5 d 7 S T S AR R TR I RS T AR
ffF .4 H 10 H—4 H 25 HIEM S E & Jei
RN I BRER AR  AERIAE ELAEWIR(3 A 30 H—4
H 10 B)RERG 24 h EELWEAEZ FIE, P EALZ
FEEH DRV E AW G H 30 H—5 H 10H)%5:
PR 5 d ESLIC A RO AR e PR DU SR

x 1 TEEKRBUMER

Table 1 Physical and chemical characteristics of the soil

AR AR eEh SE Ak Ik SSER BH 2 3¢ b ACHE AR H /mmol - kg
pH 0 g-kg mg kg™ cmol *kg™! K* Na* Ca* Mg* J=S iy
554  57.02  2.03 0.89 1858 1344 1036 16.45 24.12 119 7.6 39.4 20.8 79.7
=2 BAEPBEEHEFRE mmol L")
Table 2 Ton concentrations in mixture simulated acid rain(mmol * L")
b pH NH; Na* K* Mg Ca™ jn cr NO; NO; SO%
CK 6.8 0.198 0.035 0.033 0.033 0.113 0.017 0.597 0.944 0.048 0.161
ARI 15 0.622 0.002 0.101 0.032 0.195 0.081 0.762 0.745 11.368 19.856
AR2 25 0.470 0.005 0.087 0.034 0.178 0.055 0.714 0.735 5.625 10.853
AR3 3.5 0.363 0.014 0.065 0.037 0.158 0.038 0.694 0.734 2.266 8.751
AR4 4.6 0.314 0.015 0.048 0.038 0.148 0.026 0.661 0.791 1.635 5.583
AR5 5.6 0.264 0.019 0.044 0.037 0.126 0.020 0.634 0.887 0.252 1.137
Wi 2004 4FM{H 4.4 0.345 0.017 0.059 0.035 0.149 0.036 0.668 0.825 1.898 5.814
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W AR E A, LA/ NX 50 R AU AR Y-
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PRI A, Dhiaae K H b R — X R A
HHIAI Y 18 BRAC ZATATAL B R , 3 Bk 1 AR,
A3 A TSR R I WAL BE , 442 0.3.24.48.72.96 h
BTN CAT W& HAE 1k .

1.4 HiEitme

5d —W, KIS 24 h LI 2k o B
R, KON, HHEAREAEES A B ZH
+, T A R AR AR RS2 18 H I,
i 3R <10 mmo ZRIFZEANEE 6.5 cm, 5 80 cm
ETEIRAE, M5 60 cm, HHPH LEZET 0~30 cm
HAJEE, 30~60 cm A BJEL, FHEL 1.5kg. L
FEEERES 2 JZUEACHT 2 JZAMReb A, e 1 )28
TS LT AR AR o TR R S AR 2 3 M AR A
SERIRE K RERORE, % LU AU

L=0.025 wD°R
Ao L ORI I, mLs R 8 A K E , mm; D
JEHENEE, em.

DI AEK I (3 H—5 )4 A V35 0% & i ot
VAR SERS TR 7 TN 8 VN TR 8T ) | /AN 2 e
WK HDR S R IR 55 N B SE IR T 8, 7
15 mL-h™' JE I, 24 h J5SCEE 3808, Aric ik
LEWTTH], FH PHS-25B (L Vs 25 Bl A S8 A7 PR 7)) Al
PR FE T B 20 2 SRR ) pH B K AT Na AT 72 R H
S E DO ) KIS I FAAS i 20, 5543 HL 25
mL WRIETRFES: T 25 mL LA 1,00 0.5 mL 837
W, AT, T GI10-3510 BUFE-F IR s e T

BHAENE Ca M Mgo BRUCHI IR , G i X
ABJZHHFEH 10 g, LA 1 mol- L KCI(pH 5.8)25 mL,
PR 30 min IHCE 30 min J5, HEREE T EHEE -
1 pH {H™,

2 RS

2.1 BB WA fE T IERER IR R

H1 T 1 B R AT R 1 22 o g ) LI
ZE TR T I IS 0 AT IR pH (R R R R R
[ A AR o RGNy, IR R 2 3 5 iok
TR EE A A 0 T v MRS , AR b R A &
JB L2, BR TR B BR L US55 , 9628 vh e I, ¢
1 51, pH<3.5 HIULER TR I 5,24 h T3k uE i
pH [ TR 2.0~3.0 Z 0], FBA LT -+ O 28
OUR T PO 2 FEE s, - 9 HE B Rk . BB RTN pH
T, TSR pH R, YRR pH>3.5
J& , UEIR pH B L TR R T 28 Ik R e, vT L
SH s 7 2 - HE 2 e P 5 TR R ) 3 T o 2
S, JEME pH 2SR . BIE A pH E
(pH>3.5) (AR 01 P T 90 e = S, o 85— 58 o S oy
RS W LR h M A ) R % W RE R
Syt AN I He, SR IE pH (B S TR pH {EIF:
PR o BRI IFR AR S B (pH <3.5), K1Y
HEA RN T RIR v iR R, Wk UE WY pH {E
WhEZ MR, AN, BRSO H 3 pH
{EEARY & TRRWN pH (E(& 2), (5 T 5% b sk
FERBFsSHR B, FIEET R H R IEA (A AR L, 7R
5 0~5 d MIRIER I, pH =4.5 (9 £ 3 pH (T H
T4 5pH 3.5~pH 4.5 1Y 3 pH 78 4 i B 3l i 80
pH<3.5 114 pH B TR 4 AR AHE 4 pH [H]
(125 W, It BRAERERR Y pH R FEAR Y
A, BTG 2 5~15 d, A0 R] + 18 pH (H TR
£, 3B W45/, AR3 (pH 3.5) . AR4(pH 4.5 + 1%
pH W T, AS L F AR5 (pH 5.6) 91 4R B — %, (2
PARVE IS 29 10 d 2247 BRI & 15~35 d, & A3+
% pH A — I TR — 13 pH EHARL, #5403
] 22 BN

x 3 mEMAE A FHEKEMEIERTHHRAEMETR(1951—2004)

Table 3 Monthly mean precipitation in Nanjing and volume of simulated acid rain leaching(1951—2004)

miH 1A 2H 3H 4H 5H 6H 7H 8H 9H 104 114 12H a1t
FA 7K 4t /mm 37 50 78 86 99 173 185 127 82 56 51 29 1053
R it /mL 122 164 260 284 327 573 615 423 274 186 171 97 3 495
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Figure 2 Changes ofn pH in rape plantation soil with times
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- SR A R I B R IR PN FEAHER R
PERERR TR pH (A BT BEFISME T3 A, T3 Eh I
YIRS AR RN A , 45 - T BUE YA R rhif IR ik [ il
(NR)FIAE R A L GOGAT) I M T %, i Rk [ 1k
AR T FEAZ B, AR B IR ICRE 7 B ok
5507 4 11, R pH<4.5 ) K Na.Ca Mg $h 555119
7S I REER T pH EAY T BRI R , e AR
Ib, #ERFEESFAHRHE A CK 1Y 118.7%~158.5%(P<
0.01), =5 W3 . pH3.5~4.5 35 &R 3L X
{HIX, AR3 [ Ca Mg ¥ HABXHERE 2 65.09% 1 81.4%
(P<0.01), K B2 93.7%(P<0.05), 25 5 35 i 2 Fl i
FAK AT SRR MEROK T REA A1) T TSR B 1Y
TFF, BTN pH>4.5, K Na.Ca Mg £&$h 3L B FI0%
ERKA LT HS CK MRS E AP,
2.3 EHEWMXMEREHEREENZM
2.3.1 SRR s B AR RN SRR A AR 1

5 7T, AR4 AbIHReRR & 32 i f )N, H s
ik 186.69 cm, 5 CK 1Y 177.20 em AHEL, AHXHE N
105.4%(P<0.05) o B R W 2 55 B30, T =ik = 14
B, 2 ARI, BREFEE 159.23 cm, XA E
89.7%(P<0.01) , 3X Al Wood, Farenbaugh 5\ AR W 2>
SR PR = 0 IE 5 AR, R EEART pH3.0 B 52
WML — S, T B BERR I pH AT
ZE A4/ BRI pH>3.5 B, SHVEA I F A4S 7= A
HiEVE, {0 pH<3.5 (BRI MM, IS8 0 T AR X
B N B2 70.9% 1 85.2% 5 W & T B 40.0% ~
82.9% , 25 M 8. o LISE Y2 - 357 H B ] LA
BE, B & B A DB A /NBE S LA AR
MR 2 Bl R TR R R A, R A R
K, B/ NBEAR Ay B R €8 R IR A A B3 iR IR

R4 KE AR RETHIELEE KNa. Ca Mg REBETARHE
Table 4 Dissolution of K Na Ca Mg from soil with different AR treatments

JIS e p— K o N — o — e ~
W mgekeg? O AHXME/ R meekeg! O AHXME/ R meckg? O AHXME/  EHE mgkgt AHXHME/%

CK 6.8 5.72+0.77 100.0 5.27+1.28 100.0 23.26+10.11 100.0 8.18+0.68 100.0
AR1 1.5 7.37+2.10" 128.9 6.25£0.29" 118.7 36.88+£9.96" 158.5 10.24+1.16™ 125.1
AR2 2.5 6.25£2.14" 109.3 5.94£0.30" 112.8 26.03+12.78™ 111.9 8.07+0.39 98.6
AR3 3.5 5.3620.59" 93.7 5.68+0.49" 107.9 15.11+7.62" 65.0 6.66+0.08" 81.4
AR4 45 5.76+0.65 100.7 5.62+0.57" 106.7 18.80+6.64™ 80.8 7.53+0.05" 92.1
ARS 5.6 6.29+0.81" 110.1 5.87+0.50™ 111.4 23.47+5.64 100.9 8.01+0.57 98.0

R AR EE PR R, 5 CK #1725 5 BRI, MK -+ IR P<0.05, %+ IR P<0.01, F4&%R .

Significance of difference was tested with CK, Level of significance: * means P<0.05,** means P<0.01, the same as below
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Table 5 Change of plant height, leaf areas and fresh weight of rape with different AR treatments
e 2] pH . 3 T AR I B f
bR R /em AHXHE/% AN /em? AHXTE /9% A /g em 2 FW HHXTHE /%

CK 6.8 177.20+1.63 100.0 35.43+0.36 100.0 0.035+0.003 100.0
AR1 1.5 159.23+£1.86™ 89.7 25.12+0.20™ 70.9 0.014+0.001" 40.0
AR2 2.5 162.26+1.45" 91.6 30.19+0.37" 85.2 0.019+0.005™ 54.3
AR3 35 173.93+1.61 98.2 32.77+0.23" 92.5 0.029+0.002™ 82.9
AR4 4.5 186.69+2.04" 105.4 33.78+0.46 95.3 0.033+0.002" 94.3
ARS 5.6 175.84+1.55 99.2 33.88+0.39 95.6 0.037+0.005" 105.7

BRI L2 B RS BE SR LA B LS, % E
ARFE R ZE
2.3.2 WM SRR SR AL G R

PR TR AT 2 R 4T Mg B3 IS 3 i
TGN R, T3 24 R Z AL AL
RN RG22 6 v UL, MR pH<3.5, 4%
FUEEY<11.0 mg g FW, AHXE<80% . HH AR,
AR2 AbEA % 18.95 Al 32.56 mg*dm2+h™, FIXHE
22.5%F1 38.6%,5 CK XJH P<0.01, A DLFEARAR # HH
. BEERW pH (EF e, BRRIIE T Z s, 4 R
SRR T, S 8 D 2 AR

*® o BIBMA MM EERREMAAERHNHIN
Table 6 Effects of simulated acid rain on chlorophyll content and

photosynthetic rate of rape

- R A et
b3 H]’f,;' BRI AR R
/mg* g 'FW 1% /mg*dm>+h! 1%
CK 6.8 13.28+0.16 100.0 84.36+0.83 100.0
AR1 1.5 7.12+0.10™ 53.7 18.95+0.11" 22.5
AR2 2.5 10.560.27" 79.7 32.56+0.25" 38.6
AR3 3.5 12.26+0.33" 92.6 40.34+0.42" 47.8
AR4 45 12.34+0.26 93.1 62.23+0.77" 73.8
ARS 5.6 13.99+0.39" 105.6 82.35+0.94 97.6

2.3.3 JFAEIAAE SZ F RO R A A 1k

H#e 7 iU, BRI pH>3.5 A UL H B 2 n] 0l
15 AH SR pH<3.5 J5 , KL 2 F H 43R 20
TEAE AR2 &b B2 H 4RIk 57.10% , 46T T
IR AR , A AEREH <400 4>, A XF
H<85%. FRWERETHZE AR B, fEZEH /KA A
68.22% , A€ 7 T vty R B2 I G, A6 75 FEARAAE o
BRI HA 157.5 4 MIXHEREE 36.7%, K
FEIEIR 63.3%(p<0.01)0 BLHTRIEINRA R HEH B,
FEFARAL 20 FBETE FR (ABA) BRI I, 2T 4k il
F14) B S S T ) 3% O, 200 e R I o ot

RENNIE , 2559 T 20 AL T RATRL G Inieel, - i @5 i
[AIRE R, 52 R ITHIR B ARG 5 . TORCRIEARER
AL B, 7 A JTORE 32 2™ 2

x7 AE AR RETRZEEBSRMERARY
Table 7 Percentages of damaged flowers and valid pods with
different AR treatments

g LS

K% AR R T IR
CK 6.8 2.26 429.2+3.3 100.0
AR1 1.5 68.22 157.5+1.9%* 36.7
AR2 2.5 57.10 167.0£7.0%* 38.9
AR3 3.5 52.37 357.1£9.1%* 83.2
AR4 4.5 4.29 424.6+8.1 98.9
AR5 5.6 3.42 451.9+10.3* 105.2

2.4 HEINER T X it SE R L A4 18 A (L I AR RO RN
2.4.1 20T RSE P T S (MDA) 7 12

WL 3 B R RN R 1IN, 5 | 4 ol s i
Ty, S5 R A A AR N Y B K AN L fE
PR BLEETL , R BIE pH<3.5 TR RN SRS | =R
i EACVE IR, s TR R SRR . R
PERTH R IR0 T HERRAA N B R LR R B, R i
T E AL = Y ——N MDA K= A, i E 4
KI, 22 AR KBRS MDA 78 {6 3555 40 i I s
PEAR LR — 2, U] MDA 5 200 i i st 2
A B R R Y], B pH<5.6 BRI X MDA
BV AR B AR, U MDA Yo 2 T 1) A0 s i
TR BB VE T . Bl 19 WO R B 25 K, o
(BB ot LA IR R A, 4 1 — 20 i ST SRR R
PN 2R 0 RN 40 M S R G R AR, 45 SR S B R 4
TIIHE I I JRIFN 40 5 22 50 58 B B RBEIRS , i =5 v J 38
AR EB W Z )™ ERHG .
2.4.2 i EALYIEE(POD) A S AL S (CAT) TG P Y AR
k&
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Figure 3 Effects of simulated acid rain on cell plasma

membrane permeability of rape
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Figure 4 Effects of simulated acid rain on MDA content of rape

H3 8 AIUL, THSRAHARIARN POD TG VLR & R
W pH B 1 BEARAT B8 0R BE (R B, 4 1) 2 e v
pH<3.5 J5,POD #fi14>10.0 U+ g™ *min™ - FW, A Xf {H >
110% , 22 5 Y3k it 1 25 7K (P<0.01) 1 AL S i
(CAT)TE PRt [E] A AR PR DU S 52 2%, i 1] 5 P I
BR M pH>3.5 X CAT 1% PE A B AR M m iR, H
pH<3.5 SRFRALIE, CAT 1 P 2 B R R =X 1y
WS Ak, D52 S S T N T2 B P 348 o v A, e U i
[E] ARG IR /N . FERTHE, AR ARBRJS % CAT TG4
HELSETH IS R AR a3, 3k 5 R A0 BT AR 1 S 35 45
WA (A 5, e T A RS BB
SR B R, AT G T I sh AR RS o
A FERR T pH (E R TSRS, AR 7EMRES 3
h HBRSE — 0%, AR2 PEMEJT 24 h, AR3 7EME/S 48 h,
i TR 2 35 1080555 1 1> pHL{EL, CAT TG PE AL 2 5
24 h ZiAT o FEHERR T RIS R 25 BT 1 A R A1, )
AR CAT B A8 A A2 2% 0 i PR T e R AR A AR Y

FAAE RPN T A AR AR B P A 45 2R o R
R 5 7 L 1) S A R A A A 9 Al R ™
A A SO PSRN, D RERE S 5 T o T
e HO D RERERE /R N I 2209 I ph i, i i A AR
PR RE— 20 A Ji S5 R A ol 2 5 i ], D)
il Ul AR sty , i ) a8 A A FE R, A
AN e TR I N TSI oL STNE Y Y o

- CK M- ARl —A- AR2
-O- AR3 K AR4 @ ARS

¥l /h
Bl 5 AR BB T3 CAT BEiE M RERT i8] A 2R 4L
Figure 5 The changes of CAT activity with times under AR Stress

& 8 RHIBRTIXT 3K POD EEE RIS

Table 8 Effects of simulated acid rain on the POD activity of rape

Ab¥ BRI pH - PODAS
/U g 'FW  min™ AHRHE/%
CK 6.8 8.64+1.12" 100.0
AR1 15 13.7120.57" 158.7
AR2 25 12.82+0.78 148.4
AR3 3.5 10.18+1.35" 117.8
AR4 45 9.35+1.08" 108.2
AR5 5.6 8.531.20 98.7
3 4Hig

(1)pH<3.5 BLALLRR F bk 375 , T T 30 B 2 A
TIEMUE pH (E TR, BEE TR pH Fhim , T3S
d7 E A, DR pH (E AL T m ARCIRAS 5 R RN W55 bk A7)
TR BT, R P 48 2 i R o s ), 2% Ak 38 ) 22 50
WK s W, I op 45 A0 - 5 pH BT S
1M —I 8 T [A— 58 pH (EAR L, TR N R s/ )

(2)TH =AM AZ I TR 47338 F2 B RERF I - b 5 52
1, ARG N R AL, e R G, Ot E
ST N e S o Sy N S Y 1 B A b2
S FEBERRTN pH<3.5, BRFN XTI AE K A F 1
SR i B 3 (P<0.01), AT WL pH3.5 AT 1E A iR RN X T
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