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Effects of acid rain on seed germination of various acid-fast plant

ZHOU Qing'. ZENG Qing-Ling'. HUANG Xiao-Hua’, ZHANG Guang-Sheng', LIANG Chan-Juan',
WANG Li*I‘IOI’lg1 (1.The Key Laboratory of Industrial Biotechnology, Ministry of Education, Southern Yangtze University, Wuxi
214036, China; 2. College of Chemistry and Environment Science, Nanjing Normal University, Nanjing 210097, China). Acta Ecologica Sinica,
2004,24(9):2029~2036.

Abstract: The responses of seed germination of 3 kinds of seeds on acid rain stress, in which rice (Oryza. sativa), wheat
(Triticum. aestivum) and rape (Brassica chinensis var. oleifera) seeds were used as experimental materials, were investigated.
The purpose was to understand the effects of acid rain on seed germination of various acid-fast plants in acidic deposition area
and to determine the reasons of the reasons of growth and decline dynamics of crop population and its yield change. Six
simulated acid rain (SAR) solutions of pH 2.0, 2.5, 3.0, 3.5, 4.0 and 5. 0 and neutral solution (pH6.5) as control group
were used in this study. Pretreatment seeds of three species were placed in culture dishes with filter sheets to germinate in a
culture container kept at a constant temperature of 25 C .in which each treatment group involved three dishes and each dish
received 50 seeds. During germination, seeds were exposed to simulated acid rain that was replaced everyday. The germination
indexes (percentage germination, germination energy, germination index, vigor index, percentage of abnormal germination)
and physiological activities indexes (water absorption rate, respiratory rate, storage reserve loss rate, storage reserve
transformation rate, inhibition index of root length, inhibition index of shoot length) were all studied under acid rain stress in
both experiments. The results showed that seed germination was inhibited significantly in high acidity strength (pH2. 0~2.5)
for the three species. When pH=3.0, the former four germination indexes of the three species increased in relation with

decreasing acidity strength. The amplitude difference of each index was that rice (4.00% ., 4.00%, 8.60%, 35.90%,
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respectively ) <<wheat (10.00% ., 9.33%., 12.91%, 51.60%, respectively) <rape (16.67%, 10.67%, 21.44%, 54.71%,
respectively ). In contrast. the percentage of abnormal germination of rice and wheat decreased with decreasing acidity
strength. The injury threshold values were rice (pH3. 0~3.5)< wheat (pH3.5~4. 0)< rape (pH4.0~5.0). About pH2.5~
5.0, the experimental data of physiological aspects (water absorption rate, respiratory rate, storage reserve loss rate. storage
reserve transformation rate) were the similar. The amplitude difference of each index were rice (4.84%, 73.03%, 6.88%,
9.21% , respectively) << wheat (6.65%, 83.87%, 12.45%, 13.07%, respectively) <rape (10.38%, 87.50%, 12.56%,
15.70% , respectively). At pH range of 3. 0~5.0, the maximum extent of inhibition against acid rain on root and shoot was
that rice (78.66%, 12.84%, respectively) < wheat (80.89%, 34.32%, respectively) < rape (85.07%, 56.36%,
respectively). In other acidity strength, the extent of inhibition trend was also observed. The threshold value of physiological
activities (pH=2.0) was lower than that of germination (pH=3. 0). The responses on acid rain stress of storage reserve loss
and transform rate, inhibition index of root and shoot length of the three species indicated that the significant difference of each
indexes was perceptible between treatment groups was that rice (7d, 7d, 3d, 3d)=>wheat (6d, 6d, 3d, 3d)=rape(3d, 4d, 3d,
3d). The experimental data further evidenced that plants could display different sensitivity under acid rain stress, in which rice
had stronger resistance than wheat, and rape was more susceptible to acid rain than rice and wheat.

Key words :acid rain stress; rice; wheat; rape; germination
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Table 1 The effects of acid rain on germination of plant seeds
(pH) %% % oo
Treatment Percentage germination Germination energy Germination index Vigor index Pcrccntagc'of .
abnormal germination

I CK 96. 00a 92. 00a 31.49(100. 00)a 3.76(100. 00)a 1. 33a

2.0 0. 00b 0. 00b 0. 00(0. 00)¢ 0. 00(0. 00)d 0. 00a

2.5 0. 00b 0. 00b 0. 00€0. 00)c 0. 00(0. 00)d 90. 00c

3.0 93. 33a 91. 33a 28.69(91.11)b 2.41(64.10)c 4.67b

3.5 94. 67a 92. 00a 29.60(94. 03)ab 2.82(75.000b 1. 33a

4.0 95. 33a 92. 67a 31.09(98. 73)a 3.43(91.22)a 1. 33a

5.0 97. 33a 96. 00a 31.40099. 7Da 3. 76(100. 00)a 1. 33a
I CK 92. 67a 90. 67a 29.05(100. 00)a 5.00(100. 00)a 2. 00a

2.0 0. 00d 0. 00d 0. 00(0. 00)d 0. 00(0. 00)d 0. 00a

2.5 0. 00d 0. 00d 0. 00€0. 00)d 0. 00¢0. 00)d 40. 67¢

3.0 84. 00c 84. 00c 25.39(87.40)¢ 2.70(54.00)¢ 12.67b

3.5 88. 00b 87.33b 27.69(95.32)b 3.90(78.00)b 6. 00a

4.0 93. 33a 92.67a 29.09(100. 14)a 4.92(98.40)a 3.33a

5.0 94. 00a 93. 33a 29.14(100. 31)a 5.28(105. 60)a 2. 00a
i CK 85. 33a 75.33a 33.58(100. 00)a 3.40(100. 00)a 0. 00a

2.0 0. 00d 0. 00d 0. 00(0. 00)d 0. 00(0. 00)d 0. 00a

2.5 0. 00d 0. 00d 0. 00¢0. 00)d 0. 00(0.00)d 0. 00a

3.0 70. 00c 67. 33c 27.72(82.55)¢ 1. 78(52. 35)¢ 0. 00a

3.5 82. 00b 74.00a 32.73(97.47)a 3.25(95.59a 0. 00a

4.0 85. 33a 78.00b 34.58(102. 98)b 3.57(105.00)b 0. 00a

5.0 86. 67a 78. 00b 34.92(103.99)b 3.64(107.06)b 0. 0Ca

s 5 (P<C0.05); I s I , I

5 The data in the table were averages and the data in the brackets were relative values; Significantly difference at P<C0. 05 with

different letter in the same line. I rice, I wheat, II rape; The same below
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3 d, 3 > > .
2.3.2 2 . (t=d) .3
( “ ) . <CK, ¢=7d ,
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Table 2 The effects of acid rain on physiological activities of plant seeds
(bHD) %) %) %) %)
Water absorption . (% )Storage reserve  Storage reserve Inhibition index Inhibition
Treatment Respiratory rate .
rate loss rate transform rate of shoot index of root
I CK 36. 14a 0.26(100. 00)a 31. 46a 33. 65a 0. 00a 0. 00a
2.0 30. 40d 0.06(23.08)e 24. 35¢ 0. 00d 100. 00e 100. 00d
2.5 33. 64c 0.10(38.46)d 25.07¢ 6. 14c 86.11d 100. 00d
3.0 34. 43bc 0.12(46.15)d 28.56b 25.21b 12. 84c 78. 66¢
3.5 34.91b 0.16(61.54)c¢ 29.52b 28. 49be 8. 28b 36. 49b
4.0 35. 11ab 0.22(84.62)b 30. 41ab 31. 17ae 0. 84a 0.92a
5.0 35. 24ab 0.25(96. 15)a 31.95a 34. 42a —1.61a —2.30a
I CK 60. 39a 0.31(100.00)a 27.16a 46. 35a 0. 00a 0. 00a
2.0 53.77d 0.04(12. 90 f 12. 69 0. 00d 100. 00f 100. 00e
2.5 55. 52¢ 0.07(22.58)¢e 15. 33d 2.84d 95. 90e 100. 00e
3.0 58. 40b 0.11(38.71)d 20. 83c 33. 18¢ 34.32d 80. 89d
3.5 59.21b 0.16(51.61)c 23.48b 40. 23b 15.43c 40. 87¢c
4.0 60. 39a 0.21(67.74)b 25.22b 45.51a 3.72b 3.15b
5.0 60. 42a 0.30(96.77)a 27.78a 46. 25a —0. 34a —1.56a
I CK 93.21a 0.16(100. 00)a 16. 74a 43.18a 0. 00a 0. 00a
2.0 81. 34d 0.04(25.00)e 28. 60d 0. 00e 100. 00e 100. 00f
2.5 82.27d 0. 07(43.75)d 30.03d 0. 00e 100. 00e 100. 00f
3.0 84. 86¢ 0.13(81. 25)¢ 25.02¢ 27.13d 56. 36d 85.07e
3.5 86.17¢ 0.15(93.75)a 21.20b 39. 23c 17.51c 44. 32d
4.0 90. 67b 0.16(100. 00)a 19. 87b 41.96b 5.76b 17. 80c
5.0 91. 72ab 0.18(112.50)b 17.47a 42. 83ab 0. 49a 3. 46b
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Fig. 1 Effect of acid rain on storage reserve loss rate of seeds with increasing the time
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Fig. 2 Effect of acid rain on storage reserve transformation rate of seeds with increasing the time
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Fig. 3 Effect of acid rain on inhibition index of root length of seeds with increasing the time
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Fig. 4 Effect of acid rain on inhibition index of shoot length of seeds with increasing the time
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