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Effects of Artificial Acid Rain on Seed Germination, Radicle
Growth and Seedling Growth of Several Woody Species'*
Gab-Tae Kim*
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ABSTRACT

Artificial acid rain(pH2.0, 3.0, 4.0 and 5.0) was treated on the seeded pots of 4 species to examine its
effects on germination, leaf injury and seedling growth. Aluminum ammonium sulfate solution(0.5, 1.0 and
2. 5mM) and artificial acid rain(pH3.0, 4.0 and 5.0) were treated on the seeded germinators of 3 species to
examine its effects on germination and radicle growth. Artificial acid rain was prepared by diluting sulfuric
acid with ground water and ground water (pH6.5) was used as control. Artificial acid rain was sprayed to
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seeded pots three times per week. About 5Smm of artificial acid rain was treated each time from early April

to early October, 1991. Germination, seedling establishment, radicle growth, leaf injury and seedling growth

were measured and compared among the treatments. The results were summarized as follows .

1. Germination, seedling establishment rate of Pinus densiflora were highest on the pH5.0 pot whereas those
of Atlanthus altissima was highest on the control pot, and those of Magnolia sieboldii showed the highest
value on the pH3.0 pot.

. The differences in seedling height of Pinus densiflora and Pinus rigida were significant among the treatment
levels of acid rain. whereas those of Magnolia sieboldii and Ailanthus altissima were not significant.
Seedling heights of Pinus densiflora and Pinus rigida were highest on the pH3.0 pot, and that of Magnolia
sieboldii was highest on the pH4.0 pot, and that of Ailanthus altissima was highest on the control pot.

3. Seedling dry weights of Pinus densiflora, Pinus vigida, and Ailanthus altissima differed significantly among

the treatments, but that of Magnolia sieboldii did not differ. Highest seedling dry weights of Magnolia
steboldii and Ailanthus altissima were observed on the pH4.0 pot, and that of Pinus densiflora was observed
on the pH3.0 pot, and that of Pinus rigida was observed on the pH5.0 pot.

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 in effects of soil acidity were highly significant among the treatments for all species.

6. Radicle growth of of Pinus densiflora differed significantly among pH levels and aluminum concentrations.

Kev words . Artificial acid rain, seed germination, seedling growth, radicle growth.
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Table 1. Mean values of seedling numbers by the levels of pH for each species

. Date

[ree pH value

species of acid May Jun. Jun. Jul.  Jul.  Jul. Aug. Aug. Sep. Sep. Oct.

rain 20 3 17 1 15 29 12 26 9 23 7

Control (6.5) 8.0 16.0 16.7 7.0 17.0 17.0 17.0 17.0 17.0 16.3 15.7

Pinus pH5.0 10.0 17.7 18.3 19.0 19.0 19.0 19.0 19.0 18.3 16.7 16.7

denstflora pH4.0 4.7 15.7 17.3 17.3 17.3 17.3 17.3 17.3 16.0 14.7 13.7

1200t pH3.0 12.0 16.0 17.3 7.3 17.3 17.3 17.3 17.3 17.0 16.0 13.0

pH2.0 10.7 18.0 18.3 18.3 18.3 183 18,3 183 17.3 16.7 12.7
F-values 2.04 202 214 1.50 1.31 1.31 1.31 1.31 0.72 0.62 2.05
Control (6.5} 0.32 14.0 16.0 15.7 15.7 16.0 16.3 16.0 14.7 12.7 12.0

Piaus pH5.0 2.3ab 14.7 15,3 16.0 16.0 16.0 15.7 15.7 15.0 12.7 12.0
rigida pH4.0 0.3a 12.0 14.3 140 12,0 12,0 11.3 11.3 11.3 11.3 1L.3
200 pH3.0 1.0a 14.7 17.0 17.0 17.0 17.0 16.0 16.0 14.7 12.7 12.0
pH2.0 3.3 17.0 17.7 7.7 7.7 7.7 17.7 17.3 13.3 9.7 9.3

F-values 4.94* 0.82 1.09 1.43 2.29 1.8 2.25 2.07 0.8 0.78 0.87

Control(6.5) - - 3.0 3.0 3.3 3.3 23 23 23 23 23

Magnolia pH5.0 - - 3.0 3.7 3.7 3.7 33 33 33 33 233
sieboldii pH4.0 - - 3.7 3.7 4.0 40 33 33 33 33 23
203 pH3.0 - - 3.0 5.0 50 50 4.0 40 4.0 4.0 4.0
pH2.0 - - 1.3 3.0 2.7 2.1 2.7 2.7 2.7 271 2.7

F-values - - 1.48 0.60 0.80 0.80 0.48 0.48 0.48 0.48 0.48

Control (6.5) - 1.0 5.3a 5.3 5.3 4.3 4.3 4.3 43 4.3 4.3

Atlanthus pH5.0 - 2.0 2.7ab 3.0 2.7 2.7 2.7 2.7 271 2.1 27
altissima pH4.0 - 1.0 1.0b 1.0 2.7 2.0 2.0 2.0 2.0 2.0 2.0
203+ pH3.0 - 1.0 2.0ab 3.0 3.0 3.0 3.0 30 30 30 3.0
pH2.0 - 1.0 1.7b 1.7 1.3 0.0 00 0.0 0.0 0.0 0.0

F-values - 1.00 3.29* 264 229 214 2.14 2.14 2.14 214 2.14

— 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.
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Tree species pH value Tree Dry weight (mg) T-R
(r)zfliiad (h;;g)ht top root total ratio
Control (6.5) 5.5a 13.73a 1.62a 15.35a 8.44bc
Pinus densiflora pH5.0 6.5bc 33.32b 6.53b 39.85b 7.6la
pH4.0 5.2a 21.64a 2.25a 23.89a 10.73¢
pH3.0 6.8c 54.80c 13.09¢ 67.89¢ 4.17a
pH2.0 6.4b 39.78b 6.08b 45.87b 6.93a
F-values 4.7** 19.2** 13.4** 20.6** 4.6**
Control (6.5) 5.3ab 37.3%b 5.99b 43.38b 6.57b
Pinus rigida pH5.0 5.6ab 44.92¢ 8.35b 53.28c 5.46b
pH4.0 6.7bc 41.13c 8.06b 49.19¢ 5.10b
pH3.0 7.0¢c 41.68¢c 7.79b 49.46¢ 5.73b
pH2.0 4.9a 17.84a 1.83a 19.68a 11.68a
F-values 3.0* 5.2** 9.1** 6.1%* 9.5
Control(6.5) 6.8 261.30 139.50 400.80 1.95
Magnolia sieboldit pH5.0 6.7 215.67 117.53 333.20 2.06
pH4.0 7.1 342.33 350.53 692.87 1.00
pH3.0 5.8 200.17 182.70 382.87 1.23
pH2.0 6.3 81.40 45.30 126.70 2.08
F-values 0.3 1.3 2.1 1.6 ¢.9
Control (6.5) 15.67 240.98 193.78a 434.75a 1.38
Atlanthus altissima pH 5.0 14.05 200.33 186.08a 386.40a 1.29
pH4.0 14.20 235.60 284.37a 519.97a 0.80
pH3.0 12.68 108.93 71.95b 180.88b 1.62
pH2.0 - - - - -
F-values 3.3 3.1 4.1 4.8* 1.3

* 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 3. Mean values of the number of injured leaves, injured, and dead individuals

Sampling date

Tree pH value Index
species of acid Aug. 12 Aug. 26 Sep. 9 Sep. 23 Oct. 7 ?ef'if
rain No.of Injured leaves(injured individual/dead individual) injury
Prinus Control 0.000.0/0.7)  0.3(0.3/0.7) 0.3(0.3/0.7) 4.3(2.0/1.3) 4.0(3.0/2.0) 32.0
densiflora pH5.0 0.0{0.0/0.0) 1.3(1.3/0.0> 1.3(1.3/0.7) 1.3(1.3/2.3) 6.7(3.3/2.3) 45.1
pH4.0 0.0(0.0/0.0) 5.3(2.7/0.0) 2.3(1.3/1.3) 5.7(3.0/2.7) 12.7(4.0/3.7) 87.8
pH3.0 0.0¢0.0/0.0) 5.3(2.7/0.0) 6.7(2.7/0.3) 3.7(1.7/1.3) 13.7(4.0/2.3) 77.8
pH2.0 0.3(0.3/0.3) 0.7(0.7/0.7) 0.7(0.7/1L.7) 4.7(2.3/3.3) 10.0(3.0/6.3) 93.0
Pinus Control 0.000.0/0.7) 1.0(0.7/1.0) 4.0(1.0/2.3) 5.0(2.0/4.3) 6.3(2.7/5.00 67.0
rigida pH5.0 0.0(0.0/0.7) 8.002.7/0.7) 9.0(3.0/2.3) 10.7(3.7/5.0) 22.7(6.0/5.7) 193.2
pH4.0 0.000.0/2.7) 3.7(0.7/2.7) 7.0(1.7/2.7) 10.0(2.3/2.7) 11.7(3.0/2.7) 62.1
pH3.0 0.0{0.0/1.3) 5.3(2.0/1.3) 6.0(2.0/2.7) 8.3(2.3/4.7) 14.0(4.0/5.3) 109.0
pH2.0 4.0(1.0/0.0) 14.7(2.7/0.3) 15.0(4.3/4.3) 16.0(4.0/8.0) 37.7(6.7/7.0) 322.6
Magnolia  Control 0.3(0.3/1.0) 0.3(0.3/1.0) 0.3(0.3/1.0) 0.3(0.3/1.0) 0.3(0.3/1.0) 3.1
sieboldii pH5.0 0.3(0.3/0.3)  0.3(0.3/0.3) 0.3(0.3/0.3) 0.3(0.3/0.3) 0.3(0.3/0.3) 1.0
pH4.0 0.3(0.3/1.0)  0.3(0.3/1.0) 0.3(0.3/1.0) 1.7(1.3/1.0) 1.7(1.3/1.0) 5.2
pH3.0 1.0(1.0/1.0)  1.0(1.0/1.0) 1.0(1.0/1.0) 2.3(2.0/1.0) 2.3(2.0/1.0) 7.6
pH2.0 2.3(1.0/0.3) 2.3(1.0/0.3) 3.0(1.0/0.3) 7.0(1.0/0.3) 7.0(1.7/0.3) 12.8
Ailanthus  Control 0.0(0.0/1.0) 0.0¢0.0/1.0) 0.0(0.0/1.0) 0.0(0.0/1.0) 0.0(0.0/1.0) 3.0
altissima  pH5.0 0.000.0/0.3)  0.0(0.0/0.7) 0.0(0.0/0.7) 0.0(0.0/0.7) 0.0(0.0/0.7) 2.1
pH4.0 0.3(0.3/0.0) 0.3(0.3/0.0) 0.3(0.3/0.0) 0.3(0.3/0.0)" 0.3(0.3/0.0) 0.1
pH3.0 0.3(0.3/0.3)  0.3(0.3/0.3) 1.7(1.0/0.3) 1.7(1.0/0.3) 1.7(1.0/0.3) 2.6
pH2.0 0.0(0.0/1.7)  0.0(0.0/1.7) 0.0{0.0/1.7) 0.0(0.0/1.7) 0.0(0.0/1.7) 5.1
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20 and October 20, 1990 by pH levels for each species

Tree species

pH value
of acld Pinus Pinus Magnolia Ailanthus
rain densiflora rigida sieboldii altissima

Jul. 20 Oct .20 Jul. 20 Oct.20 Jul. 20 Oct .20 Jul.20 Oct .20
Before treatment 7.47 7.47 7.47 7.47
After treatment
Control (6.5) 7.73a 6.29a 7.58a 6.41a 7.63a 6.50a 7.58a 6.36a
pH5.0 7.52b 6.28a 7.51a 6.35a 7.53a 6.21b 7.43a 6.34a
pH4.0 7.25¢ 6.23a 7.28a 6.30a 7.28b 6.17b 6.85b 6.07b
pH3.0 6.82d 6.08b 6.92b 5.96b 6.73¢ 6.07b 6.43b 5.95b
pH2.0 6.22e 4.43c 6.42c 4.98¢ 6.32d 4.33¢ 5.84c 4.49¢
F-values 52.1** 48 8** 18.8**  19.36** 49.9** 33.9* 22.4** 40.9**

* 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 5. Mean values of germinated seed numbers
by pH levels and aluminum concentra-
tions for each species

Table 6. Mean values of radicle length(mm) of the
germinated seed by pH levels and alumi-
num concentration for each species

. f . ieboldii

Tree species  Pinus de?;g;z ?m Magnolia S"’Eg‘(;)dfl
Date May 8 May 23 May 8 Jun.3

Treatment {Sulfuric acid solution)

Control (6.5} 6.5 14.0 2.0 2.0
pH5.0 6.0 12.5 3.5 4.5
pH4.0 11.5 14.0 2.0 2.0
pH3.0 9.0 15.0 3.5 3.5

F-values 1.46 0.17 0.67 0.78

Treatment {Aluminum ammonium sulfate solution)
Control 6.5 14.0 2.0 2.0
0.5mM 9.5 14.0 2.5 3.0
1.0mM 8.5 14.5 2.0 2.0
2.5mM 8.5 16.5 2.5 2.5

F-values 0.42 0.18 0.11 0.41

+13 the number of seeds

Tree species  Pinus  densiflora Magnolia sieboldii

Date May 8 May 23 May 8 Jun. 3
Treatment (Sulfuric acid solution)

Control (6.5) 18.8a 20.3 13.5 33.5
pH5.0 13.3ab 22.2 20.2 41.0
pH4.0 9.7b 18.2 36.0 46.0
pH3.0 9.8b 16.6 12.5 34.5

F-values 5.32* 2.00 1.51 0.31

Treatment (Aluminum ammonium sulfate solution)
Control 18.8a 20.3 13.5 335
0.5 mM 9.9b 19.0 21.0 56.7
1.0 mM 13.2b 19.9 9.5 18.0
2.5 mM 12.2b 16.6 16.3 36.3
F-values 3.56* 0.86 0.15 3.53

*indicate significances at 5% level,Differences in letters
in vertical columns indicate difference at 5% level for
Duncan test.

oAl ALz, FF3 ZAAZ]el A O
Fapabolg & Aol FAH folabrh A= 6. MMdPHao st £3YW HAH@
A gkskeh. o)® MbebAH Al AE THEL AR S-A e et Flrebal el g dbS-E
skEsel A Aol AlY] FEFFH JFAA of 5l BnE, RaAA A A, Add
22 pHAZol F¥8 FAlorgel st AdAE 9 maszel Wi, F2AY S $%
27l WEole Amsed, ZAuekolrt 544 W2 ubol, 74 (S susceptible) FE4 (I
% 5o Wyez A Addol Hesdtelel intermediate) ¥ WA (T tolerant) o] 34-Fo
Az}, B T 3y e WA 20E &
TF5H 2o Ho| HFEI FAwEE Table &ste] dlmslgdef(Table 7).
boll 2dvh, 7hFuFe A Solw wobA A4} e Hrligdav s $dE Uy g
Faget FAREAA AelAlzdet. LT 5 Lol wlste] vl Wifo] 3 Reoz Jehygt
4 8Y FAAoME AlRAY FESFEH AT th 2y ol8@ Ade s A $A g
4499 pHEZel 5% %4zl d FAH o dd 9EFol T BREW] FEY EAE
Fola7h AAHg e, AlFAY FEv 454 olgez AW old, vod A4zl A
Fe4E F2Ag0] dAHE ek FUHEY o SHo] WA o] ohdst AAAG.
%ol Afele 2AATIG] AAR] Aol T AY YsigelAwr £uFo} 2rlchark g
Ad ool QAEA weknh. ole WHEY 4ol 4% Aoz BuEoh 4eA Fuede
Fob auFol vl Eobbmut aluminume]  AubRsh Auue WH 2ssadsel 45
B Aol Aee dehE Zole amdEeh.  AFsl aEEgichk: 21990, 19919 Awz
Table 7. Relative resistance of tree species to artificial acid rain
Tree Germination Seedling Dry Needle Change of Root
species rate height weight injury soil pH growth
Pinus densiflora S T T S S S
Pinus rigida I I I S T -
Magnolia sieboldii T I S S S T
Ailanthus altissima S S I 1 I -

T  tolerant, | . intermediate, S . susceptible
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