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Abstract

To compare the resistance of landscape trees by acid rain, simulated acid rain was treated
on the seeds of 6 coniferous species (Pinus densiflora, Pinus thunbergii, Pinus korvaiensts, Taxus
cuspidata, Cedrus deodava, Thuja occidentalis) and 6 broad-leafed species (Ligustrum
obtusifolium, Acer Buergerianum, Acer Ginnala, Styrax obassia, Cornus Kousa, Magnolia
obovata). The experimental design of randomized block arrangement with three replications
was implemented in the experimental field of Yesan National Agri-Tech Junior College.

The seeds of 12 tree species were planted on the nursery soil in the early spring of 1991. The
regime of artificial acid rain, in terms of spray frequency per monthly and spray amount at
single treetment per plot, was simulated on the basis of climatological date averaged from 30
year records. Simulated acid rain (pH 2.0, pH 4.0, pH 5.6 as control) containing sulfuric and
nitric acid in the ratio of 3:2 (chemical equivalant basis) diluted ground water, were treated
on the experimental plants under condition of cutting off the natural precipitation with vinyl
tunnel, during the growing season (April 8 to August 31) in 1991.

Seedling establishment, seedling growth and nutrient contents in needles and leaves were
measured and compared among the treatment. The results were summerized as follows;

1. In general, coniferous species were more resistant than broad-leafed species in the
resistant comparisons of landscape trees by simulated acid rain. But there were resistant tree
species to acid rain among the broad-leafed species.

2. Among 6 coniferous species used in this experiment, Pinus densiflora, Pinus korvaiensis,
Taxus cuspidata, Cedrus deodara and Pinus thunbergii revealed the resistant tree species to acid
rain. But Thuja occidentalis was very susceptible to acid rain, because of no germination in pH
2.0 treatment plot of acid rain.

3. Among 6 broad-leafed species used in this study, Magnolia obovata, Styrax obassia and
Ligustrum obtusifolium showed relative resistant tree species to acid rain. But Acer Buerger-
tanum, Acer Ginnala and Cornus Kousa were very susceptible to acid rain, because of no
germination in pH 2.0 plot of acid rain treatment.
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Table 1. Tree species and seed sources used in the
study.
Division Tree species Seed sources
Coniferous tree Pinus densiflora  Suwon-shi,
Kyeonggi-do
Pinus thunbergii  Taean-gun,

Chungnam-do

Mountain Ode,
Kangwon-do

Mountain Ode,
Kangwon-do

Pinus kovaiensis
Taxus cuspidata

Cedrus deodara Kwangju-shi

Thuja Kwangnung

occidentalis arboretum
Broad-leafed Ligustrum Yesan-gun,
tree obtusifolium Chungnam-do

Acer Buerger- Yesan-gun,

anum Chungnam-do
Acer Ginnala Kwangnung
arboretum
Styrax obassia Kwangnung
arboretum
Cornus Kousa Kwangnung
arboretum
Magnolia oborata Yesan-gun,

Chungnam-do
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Table 3. Conductivity, major cation and anion concentration of the simulated acid rain used in this study.

pH Conductiv-

Major cations (ppm)

Major anions {ppm)

ity {(umhos)

K* Na* Ca* Mg** NH.,* SO,—S NO;—N P05 Cl-
pH 5.6 0.65 1.12 5.15 20.17 2.54 0.39 28.23 15.63 45 9.64
(control)
pH 4.0 3.57 2.45 9.89 38.18 7.88 0.95 430.48 45.72 91 14.28
pH 2.0 41.32 4.14 15.24 49.37 15.45 3.21 1976.24  865.28 .49 24.27
Table 2. The soil properties of the experimental Table 4. Spray frequency and amount averaged

nursery.

Soil texture Sandy Ca®* (me-100 g™ 2.93

loam

pH (H:0, 1:5) 6.7 | Mg (me-100g™") 0.59
A** (ppm) 26.25 | Base saturation (%) 132.20
K* (me-100g™") 0.11 | CEC (me-100g™ 4.84
Na* (me-100g™") 0.03 ~ (ppm) 60.57
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from 30 years climatological data used for
simulation in this study.

Division April  May  June  July August

Precipitation 78.0 81.9 130.9 307.2 216.7
density (mm)

Precipitation 6 7 9 13 11
frequency*

Average rainfall 13.0 11.7 14.5 236 19.7
(mm)

Spray amount
per plot {ml)

6,370 5,733 7,105 11,564 9,653

+ is number of days with precipitation=1.0 mm.
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Table 5. Mean values of seedling numbers of each species by the levels of acid rain.
Date
Tree species pH %Vd? of
acid ramn May 1 Jun. 1 Jul. 1 Aug. 1 Sep. 1
Pinu§ densiflora Control (pH 5.6) 31.7 380.7 398.7 395.7 393.7
(500 pH 4.0 30.3 375.3 387.7 385.7 382.7
pH 2.0 35.3 385.0 403.3 396.3 395.7
F-value 6.70* 0.21 0.60 0.16 0.15
Pinu§ thunbergii Control (pH 5.6) 17.7 325.3 342.3 341.3 339.3
(500) pH 4.0 16.3 318.3 332.3 330.3 328.3
pH 2.0 18.3 332.3 354.7 352.3 349.7
F-value 0.16 1.98 2.21 2.44 0.68
Pinus koraiensis Control (pH 5.6) 43.3 69.3 64.3 62.3
(200)* pH 4.0 54.3 55.7 53.3 51.3
pH 2.0 68.3 46.3 40.3 39.3
F-value 10.47* 11.47** 13.12** 9.68
Taxus cuspidata Control {(pH 5.6) 53.3 123.7 131.3 129.3
(300) pH 4.0 58.3 143.3 148.7 147.7
pH 2.0 54.3 136.3 142.3 139.3
F-value 0.56 2.22 0.87 1.31
Cedrus deodara Control (pH 5.6) 8.7 33.3 36.3 34.3 31.7
(100)* pH 4.0 12.3 47.3 48.7 46.3 42.7
pH 2.0 9.3 37.3 41.0 39.3 36.7
F-value 1.23 4.37 1.60 3.85 18.20**
Thuja oc- Control {(pH 5.6) 19.3 23.7 23.7
cidentalis (200)* pH 4.0 15.0 19.3 19.3
pH 2.0 . . .
F-value
Ligus}rum Control (pH 5.6) 11.3 43.3 65.3 74.7 69.3
Ol%tou)?fohum pH 4.0 8.0 21.3 57.3 63.3 59.3
( pH 2.0 4.7 16.7 24,0 40.7 36.7
F-value 5.71* 39.11** 77.26** 144.34** 91.44**
Acer Buerge- Control (pH 5.6) 28.3 32.0 . 35.3 35.3
rianum (100)* pH 4.0 16.3 20.1 20.7 20.7
pH 2.0 . . . .
F-value
Acer Ginnala Control (pH 5.6) 12.3 13.7 15.7 15.7
(100 pH 4.0 4.7 5.3 6.3 6.3
pH 2.0 . . .
F-value
Styrax obassia Control (pH 5.6) 9.3 12.7 12.3 12.7
G0 pH 4.0 8.7 9.7 9.3 8.3
pH 2.0 6.3 6.3 6.7 5.7
F-value 0.97* 1.88 .14 3.40
Cornus Kousa Control (pH 5.6) 18.3 21.3 30.7 30.7
(100)* pH 4.0 6.7 9.0 9.3 9.3
pH 2.0 . . . .
F-value
Magnolia Control (pH 5.6) 17.3 30.3 24.7 24.3
obovata (50)* pH 40 20.7 24.7 24.7 22.7
pH 2.0 18.7 21.3 20.3 20.3
F-value 0.35 0.39 0.65 0.83

+ is the number of seeds.
* and ** indicate significances at 5% and 1%, respectively.
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Mean values of seedling growth (tree height; total, top and root dry weight; T-R ratio) of each species by the levels
of acid rain (Sep. 30, 1991).

: Dry weight (mg)
. pH levels of Tree height y weigl B .
Tree species acid rain (cm) wop o rotal T-R ratio
Pinus densiflora Control (pH 5.6) 6.41 3.38 0.66 3.04 3.59
pH 4.0 8.71 3.14 0.68 4.04 3.60
pH 2.0 8.90 3.65 0.94 4.59 3.92
F-value 436.65** 19.89** 15.36** 138.47** 3.47
Pinus thunbergii Control (pH 5.6) 5.59 4.01 0.91 4.91 4.40
pH 4.0 9.31 4.83 0.93 5.75 5.25
pH 2.0 9.63 6.00 1.13 7.12 5.38
F-value 1384 .47** 180.45** 4.27 484 .85** 34.00%*
Pinus koraiemsis Control (pH 5.6) 3.70 3.27 1.88 5.16 1.74
pH 4.0 3.68 3.25 2.1 5.36 1.54
pH 2.0 3.98 4.44 2.41 6.84 1.85
F-value 5.73* 70.07** 11.55** 185.95** 4.31
Taxus cuspidata Control (pH 5.6) 5.31 0.76 0.39 1.14 1.97
pH 4.0 6.43 0.87 0.53 1.40 1.68
pH 2.0 6.74 0.99 0.69 1.69 1.44
F-value 93.90** 7.68* 13.86** 53.19** 37.38**
Cedrus deodara Control (pH 5.6) 10.20 6.68 1.96 8.64 3.44
pH 4.0 12.00 11.75 3.28 15.01 5.59
pH 2.0 12.61 13.40 3.95 17.36 3.40
F-value 398.59** 5543.22** 208.08** 1423.04™* 293.96**
Thuja . Control (pH 5.6) 2.65 0.35 0.10 0.45 3.50
occidentalis pH 4.0 3.7 0.51 0.10 0.61 5.10
pH 2.0 . . . . .
F-value
Ligustrum Control (pH 5.6) 23.47 499 .67 250.33 699.3 1.80
obtusifolium pH 4.0 28.53 562.67 323.33 885.7 1.75
pH 2.0 42.97 737.33 361.67 1101.7 2.06
F-value 141.97** 134.16** 36.40** 428.76** 6.99**
Acer Buerger- Control (pH 5.6) 6.28 377.51 329.62 706.41 1.15
anum pH 4.0 8.24 495.74 386.20 881.16 1.28
pH 2.0 . . . . .
F-value
Acer Ginnala Control (pH 5.6) 63.51 557.02 300.26 857.90 1.86
pH 4.0 71.94 624 .56 324.77 948.35 1.93
pH 20 . . . . -
F-value
Styrax obassia Control (pH 5.6) 27.63 144.67 72.67 216.67 2.00
pH 4.0 45.07 165.33 102.67 267.67 1.63
pH 2.0 22.30 62.33 36.33 98.67 1.73
F-value 165.79** 157.19** 27.97** 230.03** 16.88**
Cormus Kousa Control {(pH 5.6) 46.25 223.31 93.25 316.33 3.16
pH 4.0 37.60 494 .56 176.49 670.47 2.81
pH 2.0 . . . . .
F-value
Magnolia Control (pH 5.6) 13.33 429.67 201.33 630.33 2.14
obovata pH 4.0 26.67 658.67 264.67 922.33 2.50
pH 2.0 20.77 884.67 338.67 1222 .67 2.63
F-value 170.79** 2857.75"* 210.50** 2789.70** 50.87**

* and ** indicate significances at 5% and 1% levels, respectively.



214 A%

w2} AA AFekel Frtsld 7 1% wFolFF
< 3gw, 5L pH 4,004 HHAE, pH 2.0
o4 HAAE Mo 1%9] Fo4F& vehildch
pH 2.0 # 2|7l wholr} ot F3r5hg, AT,
AR s gz pH 4.0 HeltolA e A
Aeks noj, A4} P4 2F AR w2
Agers By
ol9}te A AE FAH 4vy 1494
HEo H,S0.2F HNOsE 3: 22 343}t A3
AASE A7 Aa, A9 pH 3ke] YebAlel
ule} 59 Mabsko] Fr1ak A&-F (1987, 1988) ¢
Aol o34 3112 A3 AKSE 2P 1
231 59 A spFatol 4t Ax% A4 25
=2 1986, 1991) o] 77 7}
gl ~e g dsh)fo AXSE AFE AN n59

o

o
L
S
o

oX
ol
o
S
23
el
z
=)
a,
o
jus]
=)
3
3
o
=}
=
=
©o
-
)
o
2
st
a

4
7R o 438 Hol 19 Fox5 B}
L9} AR S0l a}E Wo|x] ggkeh, ol
Aol FHEVT-9 gE 2o pH 2.09 =
FollA 73 B2 e ¥o 1%9 FelxE, ®
W e f 279l pH 5.60014 7} E& 7He uod

2 Aol olF APl Ads YW B 12
A 4% m5e 53y AR FoHEAdR e
Ag-ol FAE st Aart Aoz A
2 8¢ 3 delA 7]l Aoz Ant=e, 2d
A, 34§ delrk Folx ol2id A ge] vehd
EAE AHl AFEATIE 27

T-R&ol gloire Adsot Gdrboll 534
2 M2 Aeld & 2yl Adse A HE
o] pH 2.00l4 713 &2 FAF ¥ 129 2
Ae w9y, FE3% s wetopsvhs pH 4.0014

£
5

so o35 vk pH 2.0 HelFol4] ot}
dE FFDE, AT, ABtTE Az gt
182 w3l olohiel Aol Abmol whet 4
2 abold 3he ®al AL Aol HE WA}
e wolF: Qe Aow, AF AFFL 37
st gol wlal T-REL M2 449 438 2ol
B2 AL AL AR Aol 3% F A
o2 Azdch 3717l AR Ak4Ssh B2 2 adol
28 459 Aol he o2l ®2E (Binns

9} Redfern, 1983; McLauglin et /., 1983; Zada-
ker ef al., 1988) & % W, A7 FF Aol vl
e dFE Y APz 4A AE Herle
ol $w, A77ke] AAHe ok UFHE sof ¥
Aoz xkdc},

W oede

o ol ¥ 7 4ol wlmzgoz

re g AR g Aot A4, A

. ohadlg, B Sel ook wiehd £

Aol W 7 439 P wha
1

«
o
4>
oM
ng
2

)]

N kuuo
& o

2
L

o
i3
ol
Of

A

o ru

[:')_.‘
o oX
P

o I
:’4

-
o
g

o

SECR L

i:5

}¢
r£‘
+
i
N
S
O

}mmﬁ.%o-

b

i
it
N
N
T
{u
=
olo

3

L

nigﬁ
N

o
2
—r
Lo
P
i
7

L
i
"

4

o
'y
X

¥
a
>
k]
jus
o
b=
2
% o
ayl P
N
rl- o2
ox
o 2
2
E i
WS o
L o o
o & »L
ne o jigo i

N
A wlo 4
= £
o ok oo T4y e

off o X 2 oo N A fe 3 o orlr e £ AN do oo

o

2

>

o

o)

3

a

ol

I

ofs

= £

3o

% J

>0
o

23

~

30

> 2

o
o
¥
S
o
e
3

] lo
a
-
vl
gy
lo
N
o}ﬁ
T
-
[ ]
I e e

(o3
T
4
fr
ol
o

I
=2

< dl
Y7ol Gz} glglont, #aigol 4
2 orEao] pH 2.004 7}& wlo
frolEe 2yn, EFWe pH
5%< 95 Bk Soll oA e Y49
< zh] el FEL pH 2.0 Ae2lol4] 7HA go
7}ale] 1% F5TE vgx, d$a 3 Lgetor
A} 5%9 fol4F8 velddcl #i5 A
$olE= FHEYF, Ze9 3 d25812 pH 2.0

1 off

= o

=2 h R -
A b Eel Fobo 1% Fel4Ee vgw
T, AV, AbERuRE pH 4.0 A TelM F

7134E 2o
ol o}7te Az w Ay EAl W 4vE, Ay
ZHol B AP} FLd wHow A3
(1987, 1988) o| dFA st avte} A+ (Kim,
1986; MacDonald ef af., 1986; 23531, 1986) 2} <
etz gt 2 AToA POs K0, CaO ¥
MgOe] @eke 4Z 7)ol <kzle] Aol& ot o
A A o2 Ao pHRke| stolalol wal 2 st



AFAYFoll NG 2A5Fe) W4 vz 215

Table 7. Mean values of nutrient contents in needles and leaves of each species by the levels of acid rain (Sep. 30, 1991).

pH levels of Nutrient contents (%)

Tree species

acid rain TN P:0s K:0 Ca0 MgO S
Pinus Control (pH 5.6) 2.11 0.46 0.88 0.67 0.11 0.11
densiflora pH 4.0 2.25 0.48 0.97 0.57 0.15 0.12
pH 2.0 1.96 0.36 0.78 0.48 0.21 0.16
F-value 14.70** 2.05 10.42* 4.04 3.74 4.75
Pinus Control (pH 5.6) 1.97 0.47 1.18 0.45 0.09 0.12
thunbergii pH 4.0 1.89 0.49 1.26 0.41 0.12 0.14
pH 2.0 1.57 0.37 1.09 0.41 0.10 0.17
F-value 18.42** 17.92** 7.79* 0.96 2.95 6.33"
Pinus Control (pH 5.6) 1.99 0.91 0.60 0.63 0.28 0.03
koraiensis pH 4.0 2.17 0.46 0.60 0.68 0.24 0.10
pH 2.0 1.77 0.30 0.72 0.50 0.24 0.18
F-value 23.72** 509.98** 9.60* 27.27** 2.16 36.21**
Taxus Control (pH 5.6) 0.34 0.50 0.72 0.75 0.34 0.06
cuspidata pH 4.0 0.59 0.63 0.80 0.83 0.28 0.12
pH 2.0 0.25 0.37 0.71 0.62 0.27 0.19
F-value 62.07** 42 .25+ 3.71 41.77** 3.39 34.64**
Cedrus Control (pH 5.6) 1.38 0.35 0.69 0.77 0.13 0.13
deodara pH 4.0 1.64 0.40 0.81 0.63 0.17 0.15
pH 2.0 1.34 0.29 0.77 0.64 0.15 0.23
F-value 17.90** 4.29 4.54 10.42° 4.95 8.11*
Thuja Control (pH 5.6) 2.01 0.60 1.45 1.69 0.31 0.07
occidentalis pH 4.0 2.39 0.51 0.84 1.57 0.19 0.14
DH 20 . . . . .
F-value
Ligustrum Control (pH 5.6) 2.24 1.30 1.30 1.77 0.32 0.15
oblusifolium pH 4.0 2.24 1.32 1.45 1.99 0.31 0.20
pH 2.0 2.69 0.71 1.65 1.37 0.22 0.28
F-value 54.09** 59.10** 26.43** 66.64** 14.52** 16.12°*
Acer Buerge- Control (pH 5.6) 1.77 0.52 1.08 1.63 0.42 0.11
rianum pH 4.0 1.94 0.43 1.01 1.54 0.39 0.15
pH 20 . . . . . .
F-value
Acer Ginnale  Control (pH 5.6) 1.77 0.52 1.08 1.63 0.42 0.11
pH 4.0 1.94 0.43 1.01 1.54 0.39 0.15
pH 20 . . . . . .
F-value
Styrax obassia Control (pH 5.6} 1.88 0.70 1.16 1.53 0.36 0.08
pH 4.0 1.65 0.57 1.45 1.30 0.26 0.09
pH 2.0 2.07 0.46 1.33 1.50 0.39 0.19
F-value 22.97°* 9.92* 17.86** 11.65°* 7.16* 19.59**
Cornus Kousa  Control (pH 5.6) 2.07 1.30 0.87 3.99 0.31 0.10
pH 4.0 2.05 1.11 1.08 3.91 0.24 0.17
pH 20 . - - . . .
F-value
Magnolia Control (pH 5.6) 2.01 . 0.45 2.02 2.45 0.34 0.13
obovata pH 4.0 1.85 0.60 2.59 1.96 0.44 0.15
pH 2.0 1.87 0.30 1.72 1.62 0.25 0.27
F-value 1.76 54.50** 224 .67** 174.75** 10.94** 93.81**

* and ** indicate significances at 5% and 1% levels, respectively.
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Table 8. Relative resistance of tree species to the simulated acid rain (Sep. 30, 1991).
Division  Treespecies ot Seellng D TR Lel o

Coniferous tree Pinus densiflora 3 3 3 2 2 13
Pinus koraiensis 3 3 3 2 1 12
Taxus cuspidata 2 3 3 3 1 12
Cedrus deodara 2 3 3 2 2 12
Pinus thunbergii 2 3 3 1 1 10
Thwja occidentalis 0 1 1 1 1 4

Broad-leafed tree Styrax obassia 2 2 1 3 2 10
Magnolia obovata 2 3 3 1 1 10
Ligustrum 1 3 1 1 9
obtusifolium
Acer Buergerianum 0 1 1 1 1
Acer Ginnala 0 1 1 1 1
Cornus Kousa 0 1 1 1 1 4

0; very susceptible, 1; susceptible, 2 ; intermediate, 3 ; tolerant
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