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Effects of Artificial Acid Rain on Seed
Germination, Growth and Needle of
Several Conifers(1)™
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ABSTRACT

Artificial acid rain (pH 3.0, 4.0 and 5.0) was treated on the seeded pots of 4 species to examine its ef-
fects on germination, leaf injury and seedling growth. 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 three times per week. About 5mm of artificial acid rain was treated each time from early April
to early October, 1991. Germination, seedling establishment, leaf injury, soil acidity and seedling growth
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were measured and compared among the treatments. The results were summarized as follows;
1. Germination and seedling establishment rate of Pinus thunbergiana was highest on the pH 4.0 pot
whereas that of Picea abies was highest on the pH 3.0 pot. Those of Pinus densiflora and Abies holophylia

were not significantly differed among the treatments,

2. The differences in seedling height of all species were not significantly differed among the treatments.
3. Seedling dry weight of Pinus densiflora differed significantly among the treatments, but that of Pinus

thunbergiana did not differ.

4. With decrease of pH value of artificial acid rain, the number of injured needle and injured individual

tended to be increased.

5. The differences of soil acidity were significant among the treatments for all species.

Kev—Words : Artificial acid rain, seed germination, seedling growth, leaf injury
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Table 1. Tree species and seed sources used in this
study.

Tree species Seed sources

Pinus densiflora Chunsung-gun, Kwangwon-do
Pinus thunbergiana Anmyun island, Chungcheongnam-do
Picea abies Muju-gun, Jeonlanam-do

Abies holophvila Wonju-gun, Kwangwon-do
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Table 2. Mean values of seedling numbers by the levels of pH for each species.

Date
Tree  pH value
Species of acid May.  Jun Jun, Ju. Jul Jul. Aug. Aug. Sep. Sep. Oct.
rain 20 3 17 1 15 29 12 26 9 23 7

Control(6.5) 8.8 17.5 18.8 18.5 18.5 185 183b 16.8 16.0 15.0 15.0

Pinus 5.0 6.5 16.8 16.8 16.8 16.8 16.8 16.5 16.3 15.5 15.3 15.0
densiflora 4.0 3.3 17.8 18.5 18.5 18.8 18.5 18.5 16.8 13.8 135 12.8
204t - 30 6.5 18.5 19.0 19.0 19.0 18.8 18.8 17.8 15.3 13.3 12.8

F—values 1.09 1.85 1.75 204 204 174 169 051 138 117 136
Control(6.3) 4.3 17.8 18.3 183 180a 180a 180 178 175 163a 163

Yiines 5.0 7.3 17.8 19.3 19.3 19.0ab 19.0ab 19.0 185 17.5 1682 168
renntand 4.0 6.8 19.0 19.5 198 198 198 195 195 193 190b 1838
20 3.0 7.8 19.0 18.5 188 188ab 188b 185 185 180 17.5ab 175
F—values 110 217 1.26 1.81 333" 333 200 254 305 373 2.44
Controlt6.3} 1.7 1.7ab 1.7ab 1.7 17 1.7 1.7 1.7 1.7 17 1.7
Picea 5.0 1.0 1.0a 1.0a 10 10 10 1.0 1.0 10 10 1.0
hies 10 2.0 2.0ab 20ab 18 1.8 18 1.8 1.8 18 18 1.8
t20)* 3.0 3.0 3.3b 3.5b 28 28 28 2.8 2.8 28 28 2.8

F—values 2.84 339 356" 1.88 18 1.8 1.8 18 18 18 1388
Control(6.5) 1.5 18 1.5 15 15 1.5 15 1.5 1.5 1.5 15

Abies 5.0 2.3 1.8 18 1.8 1.8 15 15 15 15 15 15
holophvila 4.0 1.3 1.3 1.3 1.3 13 1.3 1.3 1.3 13 1.3 1.3
r20)" 3.0 1.3 1.8 1.5 15 15 15 1.5 1.5 1.5 1.5 15

F—values 0.81 0.33 0.36 03 03 020 020 020 02 020 020

—+ is the number of seeds
* and ** indicate significances at 5% and 1% levels, respectively
Differences in letters in vertical columns indicate difference at 5% level for Duncan test.

Table 3. Mean values of seedling growth(tree height: total, top and root dry weight : T-R ratio) by the levels of pH for

each species.
Tree species pH value Tree Dry weight(mg) T-R
of acid height ti
rain {cm) top root total ratio
Control(6.5) 5.6 13.8a 1.8a 15.6a 7.7
Pinus densiflora 5.0 6.6 35.2ab 4.5a 39.8ab 8.1
4.0 5.6 23.5ab 2.4a 25.9ab 10.1
3.0 6.2 42.1b 8.5b 50.6b 6.0
F—values 1.90 7.50™ 9,38" 8.26" 2.45
Control(6.5) 7.2 35.4 4.1 39.4 8.5
Pinus thunbergiana 5.0 83 39.4 42 436 9.2
4.0 7.6 434 5.3 48.7 84
3.0 8.8 49.3 6.2 55.5 8.4
F—values 2.46 0.85 2.03 0.98 0.23

* 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 4. Mean values of the number of injured needles, injured individuals, and dead individuals measured on October

20, 1991 by the levels of pH for each species.

Number of injured needles (injured individuals / dead individuals)

Tree species -
- control pH 4.0 pH 3.0
Pinus densiflora 1.3(0.3/5.0) 15.0 (6.5 /5.0) 19.5(4.5/7.2) 228(6.5/7.2)
Pinus thunbergiana 1.0(05/3.7) 2.9(1.3/3.2) 11.0(29/1.2) 19.9 (4.3 /2.5)
Picea abies 0.0 (0.0 /0.0) 0.0 (0.0 /0.0) 0.0(0.0/0.3) 0.0 (0.0 /0.00
Abies holophylla 0.0 (0.0 /0.3) 0.0 (0.0 /0.0 0.0 (0.0 /0.0) 0.0 (0.0 /0.3)
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Table 5. Mean values of soil pH measured on August 9 and October 20, 1990 by the levels of pH for each species,

pH value Tree species
of.acid Pinus Pinus Picea Abies
ram densiflora thunbergiana abies holophylla
Jul. 9 Oct. 20 JulL.9 Oct. 20 Jul. 9 Oct. 20 Jul.9 Oct. 20
Before treatment 747 7.47 7.47 7.47
After treatment
Control(6.5) 7.37a 6.62a 7.11a 6.70a 7.44c 6.40 7.282 6.50a
5.0 6.74b 6.20b 6.61ab 6.39b 6.79b 6.39 6.98a 6.37ab
4.0 6.49b 6.16b 6.45b 6.33b 6.54bc 6.28 6.64b 6.33b
3.0 6.20c 6.14b 6.34b 6.05¢ 6.34c 6.23 6.29¢ 6.10c
F—values 28.36" 25.30™ 425" 21.94™ 13.87 2.87 16.06™ 15.90™

* and * indicate significances at 5% and 1% levels, respectively
Differences in letters in vertical columns indicate difference at 5% level for Ducan test.
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Table 6. Relative resistance of tree species to artificial acid rain.

. Germination Seedling Dry Needle Change of
Tree species rate height weight injury soil pH
Pinus densiflora S S T S 1
Pinus thunbergiana T T T S S
Picea abies T - - T T
Abies holophylla 1 - -~ T s

T: tolerant, I; intermediate, S: susceptible, —: no data available



10.

11

12.

13.

14.

15.

[é [}
o4
[
ox
o
L
pcA
o~
)
)
0|
i)
o

LB, BEF, o3 1989, dEFRE. AL,

81-¢-2}, 444—445pp.

. Z3el. 1986. of&ite] 28ubTot WAlA e

ZHo] n| e g8 AXd =87 7 : 461471

. el 1988. SO0l g WA F o] e 9

F7E2AT. 1L GXFAY. 393 A 77(2)
1 223~-238.

. Z3ied. 1989. SOzl A& WAFF o A 9

#712QAF 2. ATHYS L A4 AR NN
3. §=eleks)x) 78(2) 1 209-217.

A2, 1991, QBAHST} R AASLZo 2
Wolo} BRI e Je(1). ¢t
] 80(2) : 237—245,

A70e), 23, 1992, AP B AASE
o] Zzpgolel REAA vlxE F8(2). 4R

0 ARG =F 61 AHF

. AR, AElS, oA, weld, 25, Ay,

1982. 29A 9 XAFA £ AE &% A7
IPBF AT, 64pp.

. FEE. 1985 Hu2l Auiet ArYLo] vl F

9% AdRE49:19-23.

. AES. 1990, 84299 diFste A3

BwEAdet Pages 93—118., “#AHF AR E
A AaAY wE" A183] AAIBH] & 713
AE2L, 1990. 6. 4. FHPFATHE, AL,
189pp.

HEE. 1991. 873 2F 7 AR 9] AHAE,
Pages 3—25. , Al 413 - 834 #&.
1991. 11. 26. §== 748, A€, 143pp.

AR L. 1983, ti7ledel A7AH 93 Page
4954, , “AAEF L &P RAYH” A8
o] 3 713 Mojy, 1983. 6. 4. FYVF AT,
.

A S, 1985 W7ieds YUY, 8 FsE
8= 4 : 5764,

Y2, o]4L 1990. IF I HHESS]
L35ol vlAle F3 AR 79(4) : 376
—387.

ulR gt ojels, HEM, 1983, MEAldAMe] &
Ao rtsto] B A3, FZAHATN AFA=F
32 :137-142.

olE&F, HAUEL. 1986, AFZT APV R FFe
Fxpdole} g =7l njx)= G A2

FELATE 7 1 15-21.

o)
27

I~

)

Apgrol, 43

16.

17.

18.

19.

21,

23.

24.

26.

27.

R Al vlAE YD) 7

i

o], 1988. tl7l e =} At 2ot At Be o]
o) Xs G BErie d7FE A, 194pp.
HAEE, 1991, AFHA ol W3 2FFE
Al Sdrin ez 7(3) : 208—228.
HE&E. 1987. JAFHAA L7 AU FE € Y
AR 4%, AZAW S5 xR EY
9] gt&ty FFo) vlxe ¥ S ALY
=, 70pp.

Binns, W.0. and D.B. Refern. 1983. Acid rain
and forest decline in West Germany. For-
estry Commission Res. Dev. Paper 131. 13pp.

. Bubenick, D.V. 1984. Acid Rain Information

Book. Noyes Data Corp., N,J., 397pp.

Cole, D.W. and D.W. Johnson. 1977. Atmos-
pheric sulfate additions and cation leaching
in a Douglas fir ecosystem. Water Resource
Research13(2) : 313—317.

. Cowling, E.B. and L.S. Dochinger. 1978. The

changing chemistry of precipitation and its
effects on vegetation and materials. Amer,
Inst. Chem. Eng. 74(175) : 134—142.

Eckert, R.T. 1988. Genetic variation in red
spruce and its relation to forest decline in the
Northeastern United States. Pages 319—324
in “Air Pollution and Forest Decline™ edited
by Bucher, J.B. & 1.Bucher—Wallin. Proc.
Int. Meet. for Specialists in Air Pollution Ef-
fects on Forest Ecosystem. IUFRO, Switz-
land.

Evans, L.S. 1984. Botanical aspects of acid
precipitation. Bot. Rev. 50 : 449—490.

. Galloway, J.N., G.E. Likens and E.S, Edger-

ton. 1976. Acid precipitation in the United
States: pH and acidity. Science 19 : 722
~724,

Johnson, D.W., D.D. Richter, H.V. Miegroet
and D.W, Cole. 1983. Contribution of acid de-
position and natural processes at cation
leaching from forest soils : A review. J. Al
P.C. A 33 :1036—1041.

Karnosky, D.F. 1988. Air pollution induced
population change in North American forests.
Pages 315—318 in “Air Pollution and Forest
Decline” edited by Bucher, J.B. & I. Bucher
—Wallin. Proc. Int. Meet. for Specialists in
Air Pollution Effects on Forest Ecosystem.



28.

30.

3l

32.

IUFRO. Switzland,

Kim, G.T. 1986. Effects of Simulated Acid
Rain on Growth and Physiological Character-
istics of Ginkgo biloba L. Seedlings and on
Chemical Properties of the Tested Soil.
Seoul National Univ, Ph.D, Paper. 46pp.

Lee, J.J. and D.W, Weber. 1982. Effects of
sulfuric acid rain on major cation and sulfate
concentrations of water percolating through
two model hardwood forests. J.Environ.
Qual, 11 : 57—64.

Lee, J.J. and D.W. Weber. 1979. The effects
of simulated acid rain on seedling emergence
and growth of eleven woody species. Forest
Sci. 2 : 393-—-398.

Oleksyn, J. 1988. Provenance differentiation
as a factor in susceptibility of Scots pine to
air pollution, Pages 329-335 in “Air Pol-
lution and Forest Decline” edited by Bucher,
J.B. & 1. Bucher—Wallin. Proc, Int. Meet.
for Specialists in Air Pollution Effects on
Forest Ecosystem. IUFRO. Switzland.
Puckett, L.J. 1982. Acid rain, air pollution;
and tree growth in southeastern New York.

35.

S8 6(1) 1992

J. Environ, Qual. 11 : 376—381.

. Scholz, F. 1988. Genetic research in forest

decline implications for non—genetic investi-
gations, Pages 325—328 in “Air Pollution and
Forest Decline” edited by Bucher, J.B. & I.
Bucher—Wallin, Proc. Int. Meet, for
Specialists in Air Pollution Effects on Forest
Ecosystem. IUFRO. Switzland.

. Siwecki. R. and L. Rachwal. 1988. Selection

and conservation of forest tree genotypes
more tolerant to industrial pollution, Pages
329—333 in “Air Pollution and Forest De-
cline” edited by Bucher, ]J.B. & 1. Bucher—
Wallin. Proc. Int, Meet. for Specialists in Air
Pollution Effects on Forest Ecosystem,
IUFRO. Switzland.

Zedaker, S.M., Nicholas, N.S. and C Eagar,
1988. Assessment of forest decline in the
Southern Appalanchian spruce—fir forest,
USA. Pages 334—338 in “Air Pollution and
Forest Decline” edited by Bucher, J.B. & I.
Bucher—Wallin. Proc. Int. Meet. for
Specialists in Air Pollution Effects on Forest
Ecosystem, IUFRO. Switzland.



