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Effects of simulated acid rain on the growth, yield and quality of rape
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Abstract; Acid rain is one of the most serious environmental problems worldwide. The effects of simulated acid rain on the
physiology and biochemistry of plants have been studied intensively at home and abroad, but few reports have focus on the
quality of crops, which plays a significant role in the agricultural ecosystem. Purpose of this study is to elucidate the
influence of simulated acid rain on the growth, yield and quality of rape as the subject crop ( Brassica napus L. ) through
field experiment, so as to provide scientific basis for preventing and controlling the damage to crops from acid rain.
According to acid deposition level in Nanjing area and referring to the related data from the Environmental Protection
Agency, we obtained the simulated acid rain at pH 5.6 as the control index ( CK) , by means of H,SO, and HNO, at the
ratio of 5 to 1 as the concentration for the rain at the levels of pH 1.5, 3.1, 4.1, 5.1 and 5. 6 measured by the PHS-25B
acidometer ( the Shanghai Precision Instruments Ltd. Co. ). Referring to LU Xian-kai et al. about their similar design, we
set up 15 small plots (4 m X5 m) in complete accordance with random group design principle, and all these plots were to
the north of the NUIST, cultivated in mid September,2005, with ~0.6 m spacing as a buffer zone, in order to prevent
interference. The 15 plots were divided into 5 treatment groups, i.e. , (1) CK (pH5.6), (2) extreme AR (pH 1.5),
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(3) strong AR (pH3.1), (4) moderate AR(pH4.1), (5) weak AR (pH 5.1), each repeated in spraying three times.
The seeds were well-grown of Qinyou 7 rape, disinfected for 10 min in HgCl, solution at 1. 0g/L concentration, followed by
their repeated cleaning in deionized water. And they were sowed in an open field on 21 August, 2005 and interplanted into
the plots on 16 September. Starting from the 3-leaf stage, small-size sprayers were used to water the plants at a 10-day
interval, separately, with above 5 acid rains as natural precipitation. In each operation the spraying was stopped when water
began dropping from leaves, in order to avoid the change in soil pH value. During the growth fertilizer was applied in time
and also chemicals were sprayed according to crop disease and pests. In the experimental period, the rape growth and
development were recorded and during flowering stage, measurement was made of plant height, leaf area, weight of 1 cm’
fresh leaves and injured area in percentage etc. and also of the yield and quality during harvest. Results show that (1)
simulated acid rain stress has considerable effect on the rape growth/development in such a way that the growth of the plant
height and leaf area are suppressed and weight of fresh leaf per unite area is greatly declined with visible injury when pH 3.
1 operation is conducted; (2) yield analysis indicates that pH 4.1 concentration can be taken as the threshold value of the
effect on rape yield; (3) study of quality indexes shows that acid rain stress can reduce the content of crude fat and of
soluble sugar in the seeds, and with increased acidity their drop ranges will be enlarged. The stress influences the soluble
protein at pH 5.1 —4.1, total free amino acid content at pH 4.1 —3.1, as well as reduced sugar, and total acidity at pH
3.1 —1.5. The specific values of above indexes as well as the mechanisms for their effect on acid rain concentration remain

to be further explored.
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Table1 The composition of simulated acid rain
#H4) Component Na* NH} K* Mg?* Ca** F- Cl- NO; S02-
% & Content(mg/L) 0.209 0.528 0.038 0.036 1.093 0.019 0.708 1.183 5.946

1.2.2 FEHigiH ik

BB B " HHIMZRPIBT, T 2005 4£ 9 A PAFERRE B TR AR5 200m 525 Hrh
LMK AR FERE S 15 AN (4m x5m) , MR ZEBH 0.6m ZHKZEWX, LIBFIEMEET
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FEYIMERAER , F 2005 CK M EE kW, XFp2 572 pH3. 1 UT IR 83,78 pH1. 5 B2 F5%
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MFE2 TTLAE TSR R E S B A A FR T pH EREIRT 2 T FE#3, Kb pHS. 1,pH4. 1,pH3. 1, pH1. 5 2
TANHE & CK /9 97.30% 91.89% .69. 83% .38.38% , 2 240715 CK L HE ik, 78 pHd. 1 W R B
# ,pH3.1,pHL. 5 W= 53Rk B2 , 80 pH<4. | FBRFAMME S0l ihsg M S S B0 .

MERZEE SR8 B WA R AT G RN ERE(—Bh 5%) VP, k2 A, H2EE
SRS pH Z AR SR AR, MR RE r= -0.8782" , 7£ pHS. 1.pH4. 1 B it R HBL AT W45
F,4RE LA E pH3. 1 BN ZEBSEEA 5% , MR RHE, Ao EA /NS, AL Fi%k
HAEZ, X pH THEF pHL. 5 B ERZEFEEE 25.23% , FENEQ /NS ERAR LA
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Table 2 The effects of simulated acid rain on the growth of rape

H 4 ] FXHE HEA FXHE AT RE MXHME  HREESE
I-II) troatment H H/CK IA IA/CK WFL WFL/CK LIR
edl enl
P (om) (%) (om?) (%) (g/FWem?) (%) (%)
5.6(CK) 175.840 +£0.552 100.00 34.060 £0.118 100. 00 0.037 £0.005 100.00 3.00
5.1 185.820+0.907 * 104.53 33.678 £0.077 98.90 0.036 +£0.002 97.30 4.00
4.1 182.180 +£0.576 103.61 33.110+£0.197 97.21 0.034 £0.002 % 91.89 4.60
3.1 168.480 £ 0.904 * 95.81 32.395+0.290 % 95.11 0.026 £0.005 ** 69.83 6.33
1.5 159.228 +0. 858 ** 90.55 25.118 £0.094 == 73.75 0.014 +£0.001 ** 38.38 25.23

RPEARI IR = AR ER, T2 19 I LSD BEL B b, BEMAKF: « RN P<0.05, « « 55 P<0.01  Significance of
difference was tested by ANOVA and LSD, Level of significance; * means P <0.05, * * means P <0.01
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%R 3 WA, e BRTH BR B 3 5 , SR BTN T 5 08> SR b, pHS. 1 BRI AR B A Sk 3 7™
BER, I HARIESEE 10% , #0023 ;pH4. 1 I, BRAEY BIA T FESL, RERAARRRE RN, HY
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Table 3 The effects of simulated acid rain on the yield of rape

547 Index

pH 4b3H pH treatment

5.6(CK) 5.1 4.1 3.1 1.5
K418 (g/DW plant) SEHHME Mean 39.315 46.640 36.602 30.291 22.250
Biomass 5%t B8 b8 Ratios with CK 1.000 1.186 0.931 0.773 0.566
FH% (g/DW plant) SFH{E Mean 3.175 3.537 3.264 3.273 3.114
1000seeds weight 5%t B8 b8 Ratios with CK 1.000 1.114 1.028 1.031 0.980
BB (g/FW plant) SEH{E Mean 25.234 30.584 25.814 22.055 14.131
Yield per plant 5%t B8 b8 Ratios with CK 1.000 1.212 1.023 0.874 0.560
ZF =8 (g/FW m?) SEH5{E Mean 353.131 401.161 356. 660 298.750 170.210
Economic yield 5%t B8 b8 Ratios with CK 1.000 1.164 1.010 0. 846 0.482

2.3 FEIDIER TR ST i SRR M
2.3.1 BRI XHHSAE AR E BN
EHRKNSEEGEEYRRNERE . KBER(E 1) RN, EERWRE RS, Hd 1k
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F+T4.35% , 25738 (P <0.05) , iHRERNINEAE I THEYEARKN G K. = pH<5.1 REHRKS
Bl T, pH4. 1,pH3. 1, pHL. 5 AL B8 B WX IR BIFEAR T 16. 10% .26. 61% F1 29. 66% , % 573 &
#(P<0.05) , RAMBERT pH4. 1 i, | RAY-& B 2N, EHLERBEBOK, 0 HiIAE 8GR
2.3.2 BRI XSO R E AR B B RN
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TR pH YRR 2 BLH Se3 T 5 T A ISRV #a s, Hrp SXd A L, pHS. 1 BRTRACE T IR EER A
HERBIHERK, 15 35.36% ,pH4. 1 WA EAZERR & & BIHEN T RS 31. 57% , WA LB SXHRZR B (P <
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Fig.1 The effects of simulated acid rain on soluble protein of rape
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0.05), ZJEREEMRTHRRIE KNI — 000 , A2 A& B IERE T M, YRRy pH3. | i, K B I T
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Fig.4 The effects of simulated acid rain on reduced sugar of rape
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EARR RN B FRTE pHS. 1 5 pH4. 1 Z 8], 3 9 2 /AR 5 B B9 R e B FRZE pH4. 1 5 pH3. 1 Z J8], T % i
TN | B BR RN B FRUZE pH3. 1 5 pHL. 5 2 [8], (B LA _b 218 4 B 1) B0 BB BR TR Xof L2 mil iy R AR BB
BHEF—FR.

RECHRARRZAKBHERXZ —, HRKBRERR, HRER, B4R, HREEEEAWIEERNE
Fo WFTBRRMEHE—P LR, BRERINRWAESREN G TR E REHN PR E R
%A
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