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ABSTRACT

Artificial acid rain (pH 3.0, 4.0 and 5.0) and ground was treated on the seeded pots of 4 species to
examine its effects on germination and survival rate, seedling growth and contact angles on needle sur-
face. Artificial acid rain was prepared by diluting sulfuric acid with ground water and ground water (pH
6.5) was used as control. Artificial acid rain was sprayed to seeded pots two or three times per week for
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growing season, one times per week for winter seasons. About 5mm of artificial acid rain was treated
each time from early April, 1991 to early October, 1993. Germination and survival rate, soil acidity, seed-
ling growth and contact angles on the needle surface were measured and compared among the
treatments. The results were summarized as follows;

Artificial acid rain might have positive effects on growth-related characteristics of the seedlings in
the first and second vear of acid rain treatment, and the effects were differed among four species. All
growth-related characteristics of the seedlings in third year, however, decreased with decrease of pH
values of artificial acid rain. This was considered to the results of acidic accumulation over soil buffer
capacity.

Needle injury and biomass(defoliation)was correlated with the pH values of artificial acid rain, and
this character might be a good criteria for early diagnosis of acid rain injury. The differences of soil
acidity were significant among the treatments for all species.

Contact angles between needle surface and water droplet decreased with decrease of pH values of ar-
tificial acid rain. Measuring and comparing contact angles might be very good criteria for early diag-

nosis of acid rain injury.
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Table 1. Tree species and seed sources used in this
study.

Tree species Seed sources

Chunsung-gun, Kwangwon-do
Anmyun island, Chungcheongnam-do
Muju-gun, jeonlabuk-do
Wonju-gun, Kwangwon-do

Pinus densiflora
Pinus thunbergiana
Picea abies

Abies holophylla
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Figure 1. Changes of seedling numbers by the levels of pH for each species.
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Table 2. Mean values of seedling growth(tree height ; total, top and root dry weight : T-R ratio) measured on August,

1993 by the levels of pH for each species.

Dry weight (mg)

Tree species pH yalug .Tree T'R
of acid rain height(cm) top (needle) root total ratio
Control(6.5) 10.66 b 683 557 ab 243 b 926 3.00
Pinus densiflora 5.0 12.47 a 844 699 a 281 ab 1125 3.19
4.0 10.80 b 743 555 ab 285 ab 1027 2.73
3.0 10.64 b 626 493 b 201 ¢ 827 3.37
F-values 4.19* 2.47 2.90* 2.81* 2.23 1.69
Control (6.5) 11.25b 941 752 239 1179 4,22
Pinus thunbergiiana 5.0 14.61 a 945 659 218 1164 4.56
4.0 12.76 ab 932 656 209 1141 4.84
3.0 11.16 b 782 624 156 939 5.48
F-values 4.12* 0.53 0.48 1.75 0.80 0.84
Control(6.5) 8.93 443 232 213 656 2.29

Picea abies 5.0 - - - - - -
4.0 7.66 311 198 200 511 2.08
3.0 6.67 260 158 214 474 1.60
F-values 2.56 1.46 0.46 1.01 0.37 0.52
Control (6.5) 8.03 832 a 353 312b 1144 b 2.66
Abies hollophylla 5.0 8.90 1311 b 203 670 a 1992 a 2.12
4.0 8.70 1174 b 176 564 ab 1731ab  2.20
3.0 7.58 742 a 143 271 b 744 b 3.18
F-values 0.49 6.77 ** 3.60 3.97** 5.79* 0.46

* and** indicate significances at 5% and 1% levels, respectively
Differences in letters in vertical columns indicate difference at 5% level for Duncan test
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Figure 2. Changes of seedling height by the levels of pH for each species.
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Figure 3. Changes of seedling dry weight(total and rootj by the levels of pH for each species.
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Table 4. Mean values of contact angles by the levels of
pH for each species,

Tree species Needle-age control pH5.0 pH4.0 pH3.0

Pinus l-year-old 352 441 346 298
densiflora 2-year-old 205 259 209 195
Pinus l-year-old 480 492 465 374

thunbergiiana 2-year-old 273 285 192 132

Picea 1-year-old 113 - 107 96
abies 2-year-old 64 - 56 45

3-year-old 56 - 35 17
Ables 1-year-old 201 147 104 94
holophylla 2-year-old 102 42 52 44

3-year-old 51 14 20 5

Tree species  Pinus densiflora Pinus thunbergiana
Treatment

\needle age 1-year-old 2-year-old

1-year-old 2-year-old

Control(6.5) 100.3a 107.9a 88.1a 97.0a
pH 5.0 83.3b 82.9b 81.2b 91.8 ab
pH 4.0 75.0¢ 8l4b 80.2b 87.5b
pH 3.0 73.7¢ 65.8 ¢ 73.7¢ 86.8b

F-values 71.98"  25.89™ 18.23" 2.70*

* and** indicate significances at 5% and 1% levels, re-
spectively

Differences in letters in vertical columns indicate dif-

ference at 5% leve) for Duncan test.
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Table 5. Mean values of contact angles by the levels of pH for each species.

Tree species Pinus densiflora  Pinus thunbergiiana Picea abies Abies hollophylla
Needle age l-year 2-year l-year 2-year l-year 2-year 3-year l-year 2-year 3-year
Treatment
Control(6.5) 90.7a 77.7a 86.3a 8l.5a 93.6a 87.7a 822a 828a 77.0a 69.8a
pH 5.0 91.9a 781la 86.1a 77.6ab - - —ND 76.3b 73.0a 588b
pH 4.0 89.8a 75.5a 82.6a 755b 93.2ab 886a 782b 653c 68.2b 55.8bc
pH 3.0 8.2b 715b 75.0b 67.7c¢c 89b 834b 750D 68.2c 624b 529c
F-vallues 7.18*  4.46" 15,17 19.25* 2.78° 396" 6.46™ 24,69 18.88™ 23.15"

* and ** indicate significances at 5% and 1% levels, respectively
Differences in letters in vertical columns indicate difference at 5% level for Duncan test

—ND mean No data available

Table 6. Mean values of soil pH measured on August 9 and October 20, 1992 by the levels of pH for each species.

Tree species

pH value
of acid rain Pinus densiflora Pinus thunbergiana Picea abies Abies holophylla
Jul. 9 Oct. 20 Jul. 9 Oct. 20 Jul. 9 Oct. 20 Jul, 9 Oct. 20
Before treatment 7.47 7.47 7.47 7.47
After treatment
Control(6.5) 6.59 a 6.192a 6.60 a 6.32a 6.49a 6.13a 7.26a 6.29 a
5.0 6.53 ab 6.07 a 6.48 b 6.12a 6.45 a 6.11a 6.37b 6.19 ab
4.0 6.48 b 6.07 a 6.47b 6.11 a 6.42 a 6.05a 6.24b 6.07 b
3.0 6.47 b 5.81b 6.41 b 5.86 b 6.30 b 5.76 b 6.12b 5.87¢
F-values 5.24* 9.61 ** 6.09* 8.58 ** 9.24 % 12.90 ** 7.06* 18.01 **

* and** indicate significances at 5% and 1% levels, respectively
Differences in letters in vertical columns indicate difference at 5% level for Duncan test.
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Table 7. Change of soil acidity by the levels of pH for
each species.

Tree species Treatment 1991 1991 1992 1992 1993
Jul, Oct. Jul. Oct. Aug.

pH 40 649 6.16 6.48 6.07 6.55

Pinus densiflora p1 30 620 6.14 6.47 6.81 507
Pinus pH 40 6.45 633 6.47 6.11 6.27

thunbergiiana pH 3.0 6.34 6.05 6.41 586 5.35
Pice abics pH 40 654 6.28 6.42 6.05 5.62

pH3.0 6.34 6.23 6.30 5.76 5.20

pH 40 6.64 6.33 6.24 6.07 5.46
pH30 6.29 6.10 6.12 587 4.45

Abies holophylla
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Table 8. Relative resistance of tree species to artificial acid rain.

. Germination Seedling Dry weight Needle Change of
Tree species . . A X
& survival rate height Root Needle Total injury soil pH
Pinus densiflora S I T T T S I
Pinus thunbergiiana S I S T S S T
Picea abies T S 1 I I T S
Abies holophylla T T T S T T S

T ; tolerant, I :intermediate, S ;susceptible
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