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Effects of Artificial Acid Rain on Seed Germination and Seedling Growth
of Several Woody Species
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Summary

Artificial acid rain (pH 2,3,4, and 5) was treated on the seeds of six woody species to examine
its effects on germination and seedling growth. Artificial acid rain was prepared by diluting sulfuric
acid and nitric acid (HySO, : HNO3;=3 : 1, v/v) with water and water (pH 6.4) was also used
as control. Acid rain was sprayed to seeded pots three times per week. About 5mm of acid rain was
treated each time from April 12th to August 19th, 1986. Germination, seedling establishment and
seedling growth were measured and compared among the treatments. The results were summarized
as follows:

1. No germination was observed from the pots treated with pH 2.0.

2. Germination and seedling establishment rate of Ilex cremata were the highest from the pot
treated with pH 3.0 whereas those of Schizandra nigra the best from the pot treated with
pH4.0. The pH 5.0 treatment showed the highest value in other species.

3. Ilex crenata, Magnolia sieboldii, Amorpha fruticosa and Diospyros lotus appeared less sensitive
in seed germination and seedling establishment when acid rain (pH 3.0 or higher) was
treated, whereas Magnolia kobus was more sensitive.

4. The differences in seedling height growth of Magnolia sieboldii, Ilex crenata and Diospyros
lotus were significant at the 1% level among the treatment levels of acid rain, whereas those
in Magnolia kobus and Amorpha fruticosa were not significant.

5. Seedling dry weights of Magnolia sieboldii differed significantly at the 195 level among the
treatment and thos:e of Magnolia kobus and Amorpha fruticosa at the 5% level. However,
those of Ilex crenata and Diospyros lotus did not at the 5% level.

6. Significant differences in top dry weight of Magnolia kobus, in root dry weight of Magnolia
sieboldii, and in both top and root dry weights of Amorpha fruticosa were found among the

treatment levels of acid rain.
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Table 1. The physical and chemical properties of the soil used in this study

Loss on CEC Exch

angeable cation

Soil particle(%) © Avail. SOs NO;

oy T GO U Grey L AN e (L) ROy S N
sand: silt: clay 1:D (%) 100g) Ca'*+ Mg*+ K+t Na* (%) 1008 (ppm) (ppm) (ppm)

82.8:4.0:13.2 SL 5.75 0.94 3.29 1.510.26 0.06 0.21 62.01 0.22 8.09 14.61 3.50

Table 2. Major cation and anion concentrations of artificial acid rain treated in this study.

CEL%CIEECI Major cation (ppm) Major anion (ppm)
Trestment o e K n A T S0es N
(mS/cm) 25 4 8
Control (pH 6.4) .19 27.11 5.01 1.61 12.24 3.27 .23 21.15 4.10
Artificial acid rain pH 5.0 .42 30. 06 4.77 2.00 9. 40 3.34 .58 33. 64 9.22
Artificial acid rain pH 4.0 . 56 30.08 4.76 2.00 10. 85 3.37 .64 46.90 11.91
Artificial acid rain pH 3.0 .85 3L.07 5.02 1.97 12,83 3.46 .14 117.53 16.31

Artificial acid rain pH 2.0  24.50 39.98 5.28 2.15 8.76 4.05 .04 1,135.66 327.00
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Table 3. Number of germinated and established seedlings for each treatment

Seedlin

Tree species Treatment  —— W"'"Dfaﬁl — establishg<

May 27 Jun. 10 Jun. 26 Jul. 10 Jul. 24 Aug. 9 Aug 21 me‘}t%r)ate
Magnolia kobus Control — — 6 14 13 13 13 26
(G0)* pH 5.0 — -— 9 16 18 17 17 3
pH 4.0 — 4 9 12 12 13 13 26
pH 3.0 — 1 3 6 6 6 6 12
pH 2.0 — — — — — — 0 0
Magnolia sieboldii Control 3 47 47 47 47 46 47 94
(50) pH 5.0 14 48 48 48 48 47 47 9N
pH 4.0 13 43 42 43 43 45 45 90
pH 3.0 5 45 44 46 46 44 44 88
pH 2.0 — — — — — — 0 0
Ilex crenata (60) Control — — 12 19 21 21 35
pH 5.0 — — 11 27 31 31 52
pH 4.0 — — 9 16 20 2 47
pH 3.0 — — 12 25 32 32 33 55
pH 2.0 — - — - — — 0 0
Schizandra nigra Control — — — — — — 0 0
(50) pH 5.0 — — — — — 1 1 2
pH 4.0 — 1 1 1 1 3 3 6
pH 3.0 — — 1 1 1 1 1 2
pH 2.0 — — — — — — 0 0
Amorpha fruticosa Control 41 43 43 43 43 43 43 43
(100) pH 5.0 41 44 44 44 45 45 44 44
pH 4.0 35 33 32 32 32 31 31 31
pH 3.0 39 40 38 37 38 37 37 37
pH 2.0 — — - — — — 0 0
Diospyros lotus Control 39 45 45 45 45 43 44 88
(50) pH 5.0 47 48 49 49 49 48 49 98
pH 4.0 44 46 45 45 45 45 45 90
pH 3.0 43 43 41 42 36 40 38 86
pH 2.0 — — — — — — 0 0

*Numbers in parenthesis indicate the number of seeds used in the experiment.
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Fig. 1. Scedling height growth between the pH levels of acid rain for each species(c ! control)
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Table 4. Seedling height and dry weight per tree of 6 tree species for each treatment

Tree species Growth variables

Treatment

F-value LSDo.o0s
Control pH5.0 pH4.0 pH3.0

Magzolia Seedling height(cm) 8.56 8.79 8.70 9.83 .28 NS
kobus Dry weight(mg) total 401 477 580 512 3.99* 170
(50)? top 278 326 395 345 4. 06* 110

root 123 151 185 167 2.23 NS
T-R ratio 2.33 2.23 2.18 2.07 .20 NS
Magnolia Seedling height 4.62 522 490 6.35 11.43% .63
sieboldii Dry weight(mg) total 169 216 189 182 7. 02%* 20
(50) top 95 117 111 113 3.12 NS
root 75 100 79 69 7.36%* 10
T-R ratio 1.28 1.17 1.41 1.65 3.58 NS
Ilex cremata Seedling height 4.18 4,54 3.50 3.78 9.62%F 4}
(60) Dry weight(mg) total 28 37 29 40 1.96 NS
: top 21 27 - 21 30 2.96 NS
root 7 .10 9 10 .53 NS
T-R ratio 2.92 2.81 3.07 3.06 .60 NS

Schizandra  Seedling height — 3.5 6.9 2.5 - —
nigra Dry weight(mg) ‘ total — 85 151 51 — —
(50) top — 60 113 39 — —

root — 25 38 12 — —
T-R ratio — 2. 40 2.97 3.25 — -

Amorpha Seedling height 19.32 18.51 21.45 21.56 1. 58 NS
fruticosa Dry weight(mg) total 262 336 445 491 5. 06* 140
(100) top 186 231 319 356 4, 22% 120

root 77 105 126 136 5.97* 30
T-R ratio 2.43 2.22 2.54 2.61 .59 NS

Diospyros Seedling height 8.67 9.80 9.6 8.70 5.36%* .75
lotus, Dry weight(mg) total 394 449 482 413 1.10 NS
(50) top 227 273 263 249 .70 NS

root 167 176 219 164 2. 40 NS
T-R ratio 1.36 1.58 1.21 1.51 2.30 NS

2 Number in parenthesis indicate the number of seeds used in the experiment
*and **indicate significance at the 5% and 1% level, respectively, and NS does non-significance at the 5%

level.
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Fig. 2. Seedling dry weight between the pH levels of acid rain for each species(c : control).
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