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Effect of simulated acid rain and its acidified soil on lipid peroxidation of wheat

seedlings

TONG Guan-He,LIU Tian-Jiao,HUANG Wei  (Department of Biology and Chemistry, Huai’nan Teacher’s College, Huai’nan
232001). Acta Ecologica Sinica,2005.25(6) :1509~1516.

Abstract: Acid rain can damage either plant leaves directly or plant roots indirectly resulting from soil acidification and release of
base ions. The direct and indirect stress effect of acid rain results in the unbalance between the production and elimination of
active oxygen in plant stems., which causes the lipid peroxidation of plant cell membrane, and damages the plants.

The effects of simulated acid rain and its acidified soil on the lipid peroxidation of wheat seedlings was quantified with a pot
experiment. A yellow-brown soil was leached with simulated acid rain of varying pH values that were 5.6,4.5,3.5,3. 0 or 2. 5.
The proton release from the simulated rain acidified the yellow-brown soil, and released the base ions from the soil. With the
pH value of simulated acid rain decreasing from 5. 6 to 2. 5, the pH value of the acid rain-leached-soil decreased from 6.1 to 3. 4
and the total amount of exchange base ions decreased from 56. 5 mmol/kg to 41. 1 mmol/kg, respectively. Spraying the shoots
of the wheat seedlings planted in such acidified soils with simulated acid rain of five different pH values increased lipid
peroxidation in the wheat seedlings. With the increased acidity of the simulated acid rain and its acidified soil, the amount of
malondialdehyde and relative permeability of membrane in the wheat seedlings increased. Significant increase in lipid
peroxidation in the wheat seedlings was mainly due to a decrease in the capability of protective enzymes to eliminate base
oxygenic ions. As a result of such stress effect of simulated acid rain and its acidified soil on wheat seedlings, the physiological
activities of the superoxide dismutase and catalase in the wheat seedlings decreased, but that of peroxidase increased. The
strong acid rain with pH 2.5 and the acidified soil leached with such acid rain decreased the biomass of wheat seedlings by

20.5%~33.5%, and had a severe effect on the wheat growth and development.
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In addition, the effect of spraying the wheat seedlings with simulated acid rain on the lipid peroxidation and activities of
protective enzymes in wheat leaves was greater than that of wheat grown in the acidified soil. The latter, however., was greater
than the former on the lipid peroxidation and activities of protective enzymes in the wheat roots.
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Table 1 Physical and chemical characteristic of soil
pH (mmol/kg)
pH value O.M. Total N Total P Total K Available P Exchange A1 Exchange Mn CEC Exchange base ions
(H,0) (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (CMOLc+)/kg) K+ Na' Ca’" Mg?t (Total)
6. 20 17.83 1.23 1.27 19. 56 17. 36 11.58 15. 65 24.57 9.2 6.5 23.8 17.6 57.1
O.M. Organic matter; CEC Cation exchanged capacity
3.0mm , 1.3 g/em’ 10 cm. 35 cm s
s 30 cm, 5 5000 mm ( 941. 4 mm
5 ),20d 1 . 250 mm . 5 pH 5
, (T T T Ty Ts s T, o , 2.0mm , (
20, 100 ), s 3 ( 2),
1.3
(Triticum aestivum) 7422 (Fraternity 7422) ., 1.0g/L  HgCl, 10 min,
, 25C ) s 20 1 1
, 10 20, 5 C 25 ), 5 ,
5 ) s 15 20 ml,
. 5 @ 1 ) s .
1.4
pH ( 1:2.5), 0.5 mol/L. NaHCO, , , NN
NN pH 7.0 1 mol/LL NH,OAc s Lol 1 mol/L KCI s (

) [10]
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Table 2 Some physiochemical properties of the soil after it is leached by simulated acid rain
pH pH
T pH value of pH value of Available P Exchange Al Exchange Mn
Latment
reatmen simulated acid rain acidified soil (H,0) (mg/kg) (mg/kg) (mg/kg)
T, 5.6 6. 064 0. 05aA 16.53+0. 24cB 12.23+0. 32dD 11.21+0. 31cC
T, 4.5 5.70+0. 19bA 17.75+£0. 26aA 12.75+0.57dCD 8.1040. 65dD
T; 3.5 5.1440. 14cB 18.31+0. 23aA 13.87+0. 20cC 10. 63+0.17¢C
T, 3.0 4.32+0.23dC 18.27+0. 15aA 22.4440. 43bB 19. 61+0. 46bB
Ts 2.5 3.4140.11eD 15.88+0. 12dC 35. 0840. 94aA 25.4540. 56aA
(mmol/kg)Exchange base ions
Treatment K Na* Ca?" Mg?" (Total)
T, 11.340. TaA 5.7+0. 1bB 22. 640. 8aA 16. 90. 3aA 56. 540. 8aA
T, 7.540.4bB 6.8+0. laA 19.9-+£0. 7bB 16.2+0. 5aA 50. 44 1. 4bB
Ts 7.340. 2bBC 5. 6+0. 3bBC 18. 140. 4cC 14.5+0. 2bB 45.5+0.5¢C
T, 6.740.1cCD 5.3+0.0cC 17.140. 3¢C 13.840. 4bBC 42.94+0.5dCD
Ts 6.540. 3cD 4.440. 2dD 17.240. 4cC 13. 040. 5¢C 41.1£1. 2eD
+ BN p=0.01  p=0.05 s s
; Values represent means =+ standard error in the table,Letters in capital and normal forms represent significant difference at
»=0.01 and p=0. 05,means with the same letters are not significant;the same below
2.2
3 , pH s pH 4.5 (pH 5.6 )
o NH/ NO; o pH<4.5
, pH 2.5 .5 20.46%~33.58%% ,
° 3 ’ B (Tl ) ]
T; 24.79%~37.47% , .
2.3
2.3.1 (MDA) s

(MRP)



1

1512 2

3 (g/ )

Table 3 The effect of simulated acid rain and its acidified soil on biomass (g/plant) of the wheat seedlings

pH  pH value of simulated acid rain

Treatment 5.6 (CK) 4.5 3.5 3.0 2.5

T, (CK) 0.7096+0.0265bcBC 0.7833+0.0411aA 0.6675+0.0180defCD 0. 6204+0. 0136ghEFG 0. 557340. 0222{jHIJK
T, 0.6711+0. 0342deCD 0. 7400+ 0. 0247bAB 0.6332+0. 0321{gDEF 0. 5850+0. 0142hiFGHI 0. 5338+0. 0189jkKL
Ts 0.6195+0. 0180ghEFG 0. 6856+ 0. 0364cdC 0.5920+0. 0228hiEFGH 0. 5365+ 0. 0231j)JKL 0.4736+0.0171lmM
T, 0. 5827+ 0. 0303iGHI]J 0.6381+0.0251efgDE  0.5411+0. 0135j1JKL 0.499440. 0116kILM 0.4280+0.0107noN
Ts 0.524740. 0196jkKL 0.5891+0.0261hiFGH 0. 4592=+0. 020mnMN 0.422040. 0200N 0. 3485+0.0107pO

4 (nmol/g FW)

Table 4 The effect of simulated acid rain and its acidified soil on MDA content (nmol/g FW) of the wheat leaves

pH  pH value of simulated acid rain

Treatment 5.6 (CK) 4.5 3.5 3.0 2.5
T, (CK) 17.49-+0. 37 pO 18.1340. 31 nopMNO 18.73+0. 65 mnoLMNO 20. 924 0. 28 hijGHIJ 24.85+0. 61 dDE
T, 17.86+0. 40 opNO 18.50+0. 96 mnopLMNO 19.17+0. 27 ImnKLMN 21.4741. 34 {ghFGH 25.63+0.15 dCD
T, 18.56+0. 91 mnopLMNO 19.2040. 35 ImnKLMN 19.96+0. 82 JkIIJKL 22.42+0.71 fF 26.87+1.32 cC
T, 19.58+0. 18 klmJKLM 20.2140. 59 ijkIHIJK 21.1040. 27 ghiFGHI 23.78+0.38 eE 28.63+1.06 bB
Ts 20. 3440. 72 ijkHIJK 20.9740. 03 hijGHI]J 22.0440. 68 {gFG 24.82-+0.45 dDE 30. 06+1.00 aA
4.5 , MDA MRP .
pH 2.5 5 , MDA 42.08% ~47.79% ,MRP
81.05%~87.96% , .
4.5 , MDA MRP , ,
. T; .5 ,
MDA 15. 67 % ~20.97% ,MRP 30.93%~35.92%, .
5 9%

Table 5 The effect of simulated acid rain and its acidified soil on relative permeability of membrane (%) of the wheat leaves

pH  pH value of simulated acid rain

Treatment 5.6 (CK) 4.5 3.5 3.0 2.5

T, (CK) 8.184+0. 48 oM 8. 454 0. 34 nolLM 9.34+0.72 ImJKL 11.2640. 62 hiGH 14.81+0. 69 eD

T, 8.62+0.19 mnolLM 9.2640.50 ImnJKLM 9.89+0. 21 kIIJK 11.934+0. 24 ghFG 15.764-0. 11 dD

Ts 9.1340. 54 ImnKLM 9.7440. 13 kIIJK 10. 534+ 1. 07 ijkHI 12.7140. 59 gEF 16.8541.29 cC

T, 9.7640. 17 kIIJK 10. 3340. 29 jkHI]J 11.3140. 30 hiGH 13.6640. 27 {E 18.1840. 33 bB

Ts 10. 7140. 40 ijHI 11.2240. 26 hiGH 12.4740. 59 gF 15.074+0. 66 deD 20. 1340. 58 aA
2.3.2 6. 7 s 5

. MDA MRP . . .
T; .5 . MDA 33.77%~36.75% . MRP
118.22%~127.23%, .
6 (nmol/g FW)

Table 6 The effect of simulated acid rain and its acidified soil on MDA content (nmol/g FW) of the wheat root system

pH  pH value of simulated acid rain

Treatment 5.6 (CK) 4.5 3.5 3.0 2.5

T, (CK) 13.74+0. 23 mnLM 13.58+0. 32 nM 13.9940. 23 ImnKLM  14. 4640. 47 jkIIJKL 15. 04+ 0. 30 hijHI
T, 14.06+£0. 15 ImnJKLM 13.89+0. 24 Imnl.LM 14.3340.17 klmIJKL  14.8240. 57 jkHIJK 15.45+0. 17 hiGH
Ty 14.78+0. 44 jkHIJK 14.86+0. 23 ijkHIJ 15.09+0. 35 hijHI 15.62+0. 27 ghFGH 16.31+0.19 {EF
T, 16.06+£0. 13 {gFG 16.15+0. 15 {gFG 16.41+0. 45 {EF 17.00+0. 28 eE 17.78+0. 32 dD

Ts 18.38+0.97 cCD 18.57+0.69 cC 18.7940.19 ¢BC 19.4940. 27 bB 20.4240. 68 aA
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Table 7 The effect of simulated acid rain and its acidified soil on relative permeability of membrane (% ) of the wheat root system

pH pH value of simulated acid rain

Treatment 5.6 (CK) 4.5 3.5 3.0 2.5
T (CK)  19.134+0.89 nM 19.27+0. 26 nLM 20.2140.96 mnKLM  21.8040. 33 mJKL 23.81-+1.03 klIJ
T, 20. 7440. 44 mnKLM 20. 7740. 36 mnKLM 21.95+0. 76 ImJK 23.78=+1. 26 klIJ 26.09-+1. 14 ijHI
Ty 23.90+0. 73 klIJ 24.15+0. 43 kIJ 25.34+0. 20 jkHI 27.58=+0.42 iH 30.394+2. 02 hG
T, 31.114+0. 51 hFG 31.5640. 92 ghFG 33.03-+0. 35 gF 36.09-0. 34 [E 39.92-0. 37 eD
T; 41.7941.57 dD 42.05+1.70 dD 44. 44+2. 09 cC 48.73-+3.88 bB 54.10+1.21 aA
6 .7 s MDA MRP o MDA MRP pH
’ ) o pH 2.5 sD
MDA 9.46%~11.10% ,MRP 24.46%~29.37%, .
2.4
2.4.1 SOD .CAT POD
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) ,CAT ,POD 33
pH :rsop= 0. 9048 " ~0.9105" ,rcar= 0. 9128 ~0.9142" .rpop= —0.8708" ~—0.8872" ,
pH 2.5 »5 (pH5. 6 ) s SOD 47.28%
~51.50% ,CAT 63.24%~65.89% ,POD 97.65%~107.37%, .
1 s 3 , B ,
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Fig.1 The effect of simulated acid rain and its acidified soil on protective enzymes activity of the wheat leaves
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Fig. 2 The effect of simulated acid rain and its acidified soil on protective enzymes activity of the wheat root system
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