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Effects of Simulated Acid Rain on the Growth, Nutrient Status
of Korean Pine(Pinus koraiensis) Seedlings and Soil Acidification’
Hyun-O Jin’, Eun-Young Kim’ and Choong Hwa Lee’
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4.4 AFdA FAF F7HE B4 ¥4, AT 259 MAAFFH 249 pH 2 Alg=ete] A
olell 77t &2 A4 (r=0.90, p<0.05; »=-0.94, p<0.0D°] A=A}, o] A= 29 pH 4
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ABSTRACT

Three-year-old Pinus koraiensis seedlings, transplanted in brown forest soils originating from granite
were treated with simulated acid rain of pH concentrations 5.6(control), 4.0, 3.0, 2.5 and 2.0 for 210
days from April 21 to November 17, 1999. Visible injury of the seedlings were observed at the pH 2.0
and pH 2.5 treatments. The total dry weight of the seedlings decreased at pH 2.0 treatment compared
with that of the control, and T/R ratio increased at pH 2.0 treatment compared with others. The
elements in each part of the seedlings, concentrations of Ca, P and content of chlorophyll in needles
increased at the pH 2.0 treatment compared with the control. The concentration of N in the needles of
the seedlings increased as the soil pH decreased. As the treated pH was lowered, soil pH has
decreased, and concentrations of Ca, Mg, Al, and Mn increased, especially at pH 4.4. In addition,
there was a strong correlation(»=0.90, »<0.05; »=-0.94, »<0.01) between the dry weight of the
seedlings and the pH and Al concentration of the soils. Therefore, the pH and Al concentration in the
soil may be useful indicator for assessing the effect of acid rain on the growth of woody plants.

Key words : simulated acid rain, Pinus koraiensis seedlings, dry weight, nutvient status, soil acidifica-
tion
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H, #9 4% % vlF FERAGAME A
a5 343 g A4 A EAZ O
53 3 cH(Mohnen, 1988). AtdalEe] Yalo)
T A= oA 7HA] THde] A7|HAR 2 9o,
A 2 A0 HEstA g A A g, €A
7hA] AzbElol A& el AM S 9 A As
3 & T drledEAY A4} (Krause
%, 1986 ; Prinz %, 1987 ; H{&<} mi%, 1991 ;
Bi% 5, 1986), Eo2REe 479 4¢3
olo] wrE FEAY Y EGOozFEIY Al £3
5o W& EJAAH(Ulrich, 1989), N3}eolo
2| Eofokio] BFYu EAEHM) A8t
(Nihlgard, 1985 ; Schitt®} Cowling, 1985), &
ate} Az3 5o |49 SRE 5, 1992) Eol
th ol U9 Yl BEs w2 AHR B
FaEd s 2§ H=E AztElw g)ch(Likens,
1989 ; Tesche %5, 1993 ; L&, 1988).

8] vehelld e 19600 Fubpe g% 3
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A3Ed AassEe] wlEe] F43 F01s
I gle}, o] wiiEel AAYELER slaAke] by
g Edel A=A vixE o] S =
I kel AT F, 1988). ") AtAAElEe 2
3 e A ofx BuEm QR ¥
v, AHdS T AAsEEe] Eokd AslEd
o]l Eoko] AMA3Iste] Al pFe] e
3 shgAdel $EE Y (HAF 5, 1994 ;
oS3 WA, 1989).

AT 9 vt SRR F83 =Y
FA AT BEo JFAANS-E Hxsle S4A
A7l BEe] AR o Fofelo] v P3¢
o Bt st A AHE 2AREIY AR $TL
A A A mixe A - A gs FHPsln,
AP 7FELE o] 2] AFHA HE vldde wAE o
ARsF AA7EE dAsed 71xA8E A

el A ssic,

HE A Fix

1. 2ATE ¥ ABUNMP =N

AENEEAE A% FFTd AT 4
A YA Ry edBes SRS RAY
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119 179l 24 A=l 7o THAe mEe
AAste] ReFEsldo, 22523 55 7
AZ271E(d, $2+717), )2 JF$e =
Aste, 60~T70CelAH 7d Axro Az ¥
AFHE 2Asidct, ¥4, APFTA A
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Table 1. Effects of simulated acid rain(SAR) on the dry weight and top/root(T/R) ratio of Korean pine
seedlings after the growing period of 210 days

. SAR Dry weight(g)
Sampl: T/R
phng treatment Needle Stem Root Whole-plant /
Initial 5.9 4.13 3.38 13.49 2.99
Final pH 5.6 12.89ab 7.08a 9.92ab 29.89ab 2.04b
pH 4.0 12.82ab 6.11a 9.52b 28.45b 2.00b
pH 3.0 14.65a 7.41a 11.77a 33.83a 1.91b
pH 2.5 10.41b 7.23a 9.29b 26.93b 1.92b
pH 2.0 7.67c 5.70a 5.45¢ 18.82¢ 2.45a

Values followed by the different letters within a column are significantly different according to the
Duncan's new multiple range test(»<0.05). Each value is the mean of 7 determinations. SAR
treatment were applied from the top of the seedlings three times a week for 210 days in a natural light

greenhouse.

Table 2. Effect of simulated acid rain(SAR) on relative growth rate(RGR) of whole-plant dry weight, net
assimilation rate(NAR) and leaf dry weight ratiolLWR) of Korean pine seedlings

, SAR RGR NAR
Sampling treatment (x10%-g- g day™" LWR()
Final pH 5.6 0.38(100%) 0.87(100%) 43.68(100%)
pH 4.0 0.36( 94%) 0.79( 91%) 44.77(103%)
pH 3.0 0.44(116%) 1.00(115%) 43.77(100%)
pH 2.5 0.33( 87%) 0.80( 92%) 41.14( 94%)
pH 2.0 0.16( 42%) 0.37( 43%) 42.44( 97%)

Value in parenthesis shows percentage of pH 5.6(control) simulated acid rain treatment. Each value is

the mean of 7 determinations.
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Fig. 1. Effects of simulation acid rain on partition
rate of assimilates(%) of Korean pine seed-
lings after the growing period of 210 days
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Table 3. Element concentrations of Korean pine seedlings after the growing period of 210 days. Values

are expressed on the basis of dry weight

Plant SAR Ca Mg K P C N C/N
organ treatment (mg-g”) (me-g") (g -g") (mg-g") (@-g") (e -g") ratio
Needle pH 5.6 4.81b 1.43a 5.10a 1.03b 0.532a 9.34d 58.35a
pH 4.0 6.72a 1.50a 4.96a 0.97b 0.532a 10.97cd 48.82b

pH 3.0 7.23a 1.49a 5.02a 1.02b 0.537a 11.44c 47.11b

pH 2.5 7.38a 1.48a 5.54a 1.59a 0.534a 13.19b 41.04bc

pH 2.0 7.60a 1.46a 5.38a 1.64a 0.553a 15.03a 37.76¢

Stem pH 5.6 11.64a 1.09a 4.55ab 0.85a 0.585ab 4.27¢ 137.46a
pH 4.0 10.06a 0.96a 3.71b 0.73a 0.589ab 5.71bc  103.64b

pH 3.0 9.07a 1.36a 4.53ab 0.96a 0.634a 6.75ab 95.77b

pH 2.5 8.63a 1.03a 4.46ab 0.98a 0.627a 6.53ab 97.77b

pH 2.0 7.26a 1.14a 5.7la 1.21a 0.552b 8.08a 73.63c

Root pH 5.6 6.04a 2.25ab 4.66a 1.20a 0.484bc 7.72b 63.18ab

pH 4.0 6.08a 2.20ab 4.36a 0.86a 0.497ab 8.22ab 60.80ab

pH 3.0 6.02a 2.64a 4.5% 1.05a 0.539a 8.22ab 65.83a

pH 2.5 6.0la 1.76b 3.95a 1.21a 0.440c 8.56ab 53.15b

pH 2.0 6.82a 2.42ab 4.17a 1.15a 0.474bc 9.36a 52.19b

Values followed by the different letters within a column are significantly different according to the
Duncan's new multiple range test(p<0.05). Each value is the mean of 7 determinations.

Table 4. Effects of simulated acid rain(SAR) on
chlorophyll content of current year needle
of Korean pine seedlings after the grow-

Teo
g IS
= *
ing period of 210 days. Values are ex- = r=088
pressed on the basis of fresh weight g
chloro- chloro-  chloro~ 8 10
Date  SAR  phylla  phyll b phyll a+b 2
(1999) treatment - =
(mg-g' F.W.) :‘;:.,
Nov. pHS5.6 0.70b  0.22b  0.93b g
17 pH4.0 0.650 0.22b  0.87b S
pH 3.0 0.70b  0.23ab  0.93b O o5 L ! ' l
pH 2.5 0.79ab 0.25ab  1.04ab 8 10 12 14 16
pH 2.0 09a 0.3a 1.30a Needle N concentration(mg - g")

ta
1

Values followed by the different letters within a
column are significantly different according to the
Duncan's new multiple range test(»<0.05). Each
value is the mean of 5 determinations.

e AERAESe 4% A4E & AR
%, 1992). € dFelA= A3AES A o
& AT B5e At FoAste Fo¥ E
FoE AE3] Ak, 2] pH ¥ Aly
B AYTRAY 7 AT AAAFF) 42
AL LAY AHFig. 3, 4), ¥ BES
NAAZFZ 2oke] pH 2 AlsEste] Aele)
27k #8 4(r=0.90, $<0.05; =-0.94, p<
0.0D°1 AA=et, o] A AFAES Az

Fig. 2. The relationship between nitrogen concen-
tration and chlorophyll content in the nee~
dles of Korean pine seedlings treated with
simulated acid rain or control(pH 5.6) for
210 days
The correlation coefficient(#) between two
variables is shown in the figure.

* shows the significant correlation at 5%
level,

ol ot} EeFAIAEE 2ald EFlA A%
A7 55 Az 9l tiste] Eok pH
o Ashert ofdz}, Eof pHA 3l @E EY
AlsEe F717h wl$ A Bdsin &S
Al Absta gl
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Table 5. The results of pH(H:0) and element concentrations of soil planted with Korean pine seedlings

Water soluble element

. SAR p : . gl C N C/N CEC
Sampling concentration(ug - g) 1 0 .
treat t (H . . t
reatment (H:0) ca Mz K o Mo (g-g") (mg-g") ratio (me/100g)
Intial 4.78 12,12 0.48 3.77 0.49 0.74 0.047 0.27 17.62 17.40
Final pH 5.6 4.6la 11.35¢ 0.94c 5.94ab 0.40e 0.54e 0.038d 0.28a 13.81a 21.39%a
pH 4.0 4.65a 11.99c 0.97c 5.64ab 0.51d 0.72d 0.039cd 0.27a 14.64a 21.55a
pH 3.0 4.69a 13.15bc 1.19bc 3.81b 0.66c 1.0lc 0.041bc 0.24a 18.56a 19.03a
pH 2.5 4.32b 15.87b 1.90b 4.69ab 1.11b 1.99b 0.044ab 0.31a 15.00a 22.30a
pH 2.0 4.17c 19.08a 2.98a 6.49a 2.39a 5.06a 0.046a 0.32a 14.79a 19.98a

Values followed by the different letters within a column are significantly different according to the
Duncan's new multiple range test(»<(0.05). Each value is the mean of 5 determinations.

50
40 r=0.90
| ]
P20 W
10
0 | ] | J
40 42 44 4.6 4.8
Soil pH

Fig. 3. The relationship between total dry weight
(TDW) of Korean pine seedlings and pH
(H:0) of the soil
The correlation coefficient(») between two
variables is shown in the figure.
* shows significant correlation at the 5%
level.
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2.5 % pH 2.09] AFAASE 4717419994
49 219~119 1794 3 33], w13 8.3m¥ A
g)sto] dolzl A ohgt o},

QALY Helo o3 AT BE) sA%
A7t B, AT BEY AFHL dE
o ulate] pH 2.0 A FolH feidoz i
st o, T/Rule Z7isteich, &9, 4R34
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ol r=- 0.94%
@
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0 1 | i
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Al concentration(z g - g”")

Fig. 4. The relationship between total dry weight
(TDW) of Korean pine seedlings and Al
concentrarion of the soil
The correlation coefficient(#) between two
variables is shown in the figure.

** show significant correlation at the 1%
level.

A3, RGR#} NARE thz7o wls| pH 2.0 A
gl 7ol A Zrashe A%E 252y LWRS SAR
of dgg A wsken, FIHAES Euldel
UM E pH 2.0 M| FelA 43 p2ie] Eu&
ol Zastg o, AdH oz ko] Hulgol F
Zbstsict, ol 59 A AFANTY AHIY
ol olste] FAAAES] Aol Fadtaon,
=g Pl PulgE Fase HFHoR ¥
o] gzpe] AUt Abadt.

AEgAe] 7 7)1E RS $HE A, 49
44 AFAES A2l o3t Ca ¥ P ¥E+=
Frbste A%E vdov, ® 7R YxES
7+ A gztel fo4dE AT 5 UG N ¥
EE ZE 718 sl A=l pH7F gl



BEASEE 80Q)H.

w2} Zrbslgen, A9 chlorophyll@#e i
Foll ¥l3) pH 2.0 He]l T dA3A F71stsd
c}.

AE BE5S $AF 2oL BAT A3, A
g+ pH7l Fadel wel EoF pH7l A3tE
Ca, Mg, Al ¥ Mn¥%7t ZFrlstged, E3)
Eof pH 4.4 AFdAM AT 718 Bod, &
#A, AF 559 MAAFHE EoF pH % Al
Frole] ABHAE FAHF A AFY} BS
pHell M E Ao Az, AAASHI Als=
of A M e #eol Abgte] AA =),

ojAts o], AtE B Wl AFTAAS
o] g BRSO AAAdA Y EoF pHO A3l
gk olvel Alg £EAA EFAAE x93
o, ®ok9 Ca, Mg 53 2 AggFgdfda
o] Sbg sl BE A A - Mo g o
AgS v|A Aoz yiHG, A, e v
"3%3}.1. e AHeEY ARl HF dFAA

S+ S5 e AX7IEESY fgloE QI3 BAL
Azl 2 2okl AE-S4 Fofdiset Al, Mn
59 Al BfalFEe] o] A AL g
A k3 e AAelth, dog A AHAM 4t
A7yalge] gAREg HoHE AEE AA ]
A F8 F£59 AR, Ayl 2 gt
Sl A= EoAbA ) Al Mn £9] 98-S
2448 Z=AME P27 Q).

51 B xR

1. 71434,
pp.357.

2. ZEE A 13A. 1994, B o] A3 A
A wxe 4. F37]<3, pp.16l.

3. ol - wld 4], 1989, W1y ¥ A 9T}
At el Al e Bl H EEZF) X =
g8k, =3 A] 78 1 11-25.

4, o1 A2 - 223 2994 - A=A, 1988. ©i7]
2w AL AR A A e A,
#3714 5EHAFRIA . pp.194.

5. A¥ e « Ao . o] F3F}, 1999. AT A
oA aletA $gae o)F B4, §xFHY]
A+3t3 =] 1: 110-118.

6. B - i i - WEEE. 1986. MM
FIZBITRAXOFR L BERTHIC L 526
. Ak 28 0 11-17.

1992. #=5-rd71 ¥

=
#5544,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

CRE K- BREC.

. MacDonald, N.W.,

20004 9A 429

LA R 1992, BETBREERET. BRE.

pp.40-51.

Lk W - fEH K- SILUEEE - PR

1999. ¢ JEVHORE, YARBEEL LU
ERERBICKIZTATEREROKE, KRR
B3 34 407-421.

1991. BORE{E - WP AN
WHICBIT 5 AXOFERER. HRLH 32:
70-78.

5 M. 1988, HRI—w o RKEBROB
MK ERFERRI. BARENREEIE 38 1 269-277.
AR - Sl |- B . 1992, AX K
TN - HRTRICBIT 5 a8F0ORENE)
-BARDFERBRRICHEL T - . FHRIM 34
2-13.

B B, 1989. BEMORIEH~OEBE - £
WBRICHZZEE - L7 7—DO(LIEER
J1#&. pp.261-313.

Armon, D.I. 1949. Copper enzymes in isolated
chloroplasts. Phyphenoloxidase in Befa vul-
garis. Plant Physiol. 24 : 1-15.

Evans, J.R. 1987. Nitrogen and photosyn-
thesis in the flag leaf of wheat(Triticum
aestivum L.). Plant Physiol. 14 : 69-79.
Hunt, R. 1978. Plant Growth Analysis. Ed-
ward Amold Publishers Ltd. . pp.8-22.
Jacobson, J.S., J. Troiano and L. Heller.
1985. Stage of development response and re-
covery of radish plants from episodic exposure
to simulated acid rain. J. Exp. Bot. 36 : 159-
167.

Krause, G.H.M., U. Amdt, G.J. Brandt,
J. Bucher, G. Kenk and E. Matzner. 1986.
Forest decline in Europe : Development and
possible causes. Water, Air and Soil Pollu-
tion 31 : 647-668.

Lee, J.J., G.E. Neely, S.C. Perrijean and
L.C. Grothaus. 1981. Effects of simulated
sulfuric acid rain on yield, growth and foliar
injury of several crops. Environ., Exp. Bot.
21 : 171-185.

Likens, G.E. 1989. Some aspects of air pol-
lutant effects on terrestrial ecosystems and
prospects for the future. Ambio 18 : 172-178.
J.B.J. Hart and P.V.



430

21.

22.

23.

24.

ATRRERZE 35 BARS] £K, BRRE 9 DRmi(bd vlxs 2§

Nguyen. 1986. Simulated acid rain effects on
jack pine seedling establishment and nutrition.
Soil Sci. Soc. Amer. J. 50 : 219-225.
Mohnen, V.A. 1988. The challenge of acid
rain, Sci. Am, 259 : 14-22.

Nihlgard, B. 1985. The ammonium hypothe-
sis : An additional explanation to the forest
die back in Europe, Ambio 14 : 2-8.

Percy, K.E. and E.A. Baker. 1987. Effects
of simulated acid rain on production, mor-
phology and composition of epiculticular wax
and on culticular membrane development.
New Phhytol. 107 : 577-589.

Prinz, B., G.H.M. Krause and K.D, Jung.
1987. Development and causes of novel forest
decline in Germany, In Hutchinson, T.C. and
K.M. Meeda(eds.), Effects of atmospheric
pollutants in forests, Wetland and Agricul-
tural Ecosystems. Springer-Verlag. Berlin. 1-
24.

25.

26.

Schiitt, P, and E.B. Cowling. 1985. Wald-
sterben, a general decline of forest in central
in Europe : Symptoms, development and pos-
sible causes. Plant Disease 69 : 548-558.

Tesche, M., O. Wienhaus, St. Codzik and
J. Matema. 1993. Stress and decline in air-
polluted forest ecosystems of some countries
in the eastern parts of central Europe. XV.
International Botanical Congress(Tokyo).

. Tveite, B. 1980. Effects of acid precipitation

on soil and forest : 8. Foliar nutrient concen-
trations in field experiment. Pages 204-205
in Drablos, D. and A. Tollan(eds.), Proc.
Int. Conf. Ecol. Impact Acid Precipitation.
Norway.

. Ulrich, B. 1989. Effect of acidic precipitation

on forest ecosystems in Europe, In Adriano,.
D.C. and A.H. Johnson(eds.), Acid Pre-'
cipitation Vol. 2 : Biological and Ecological
Effects. Spriger-Verlag. 189-272.



