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ABSTRACT

Various effects of simulated acid rain by HNO; and H,SO; with pH 3.2, 42 and 5.6 were
investigated in Melilotus suaveolens Ledeb, a biennial legume dominating the disturbed and poor
soil vegetations. The nitric acid treatment of pH 3.2 resulted in 121% increase of the plant height
compared to that of pH 5.6 during early growth, although 17% decrease was detected with the
sulfuric acids. During 14 days of treatment, leaf biomass and chlorophyll content increased 168%
and 133% with pH 3.2 nitric acid rain but decreased 20% and 38%, respectively, with sulfuric acid
rain. Nitrogen content in various organs was also determined after 42 days of nitric acid treat-
ment, It increased 480% and 387% by pH 3.2 and 4.2 in leaves, 212% and 214% in stems and
247% and 249% in roots. However, the same treatment with the sulfuric acid showed a consider-
able reduction in this content, indicating that the nitric acid was a nitrogen source. Nodule forma-
tion assayed revealed 15% decrease with pH 3.2 in contrast to 157% increase in pH 4.2, further
suggesting an enhancement effect by the additional nitrogen source. Contrary to this, the nodule
formation was reduced up to 43~71% by sulfuric acid rains. Specific nitrogen fixation activities of
nodules estimated at pH 3.2, 4.2 and 5.6 nitric acid rain were 36.7, 42.8 and 47.3 gmol C;H4 + g™!
fw nodule - h™', while those of sulfuric acid rain were 41.1, 82.5 and 111.7 respectively. The total
nitrogen fixation analysed with the nitric acid rain exhibited 1 nmol C;H, - plant=' - h~' with pH
3.2, 177 with pH 4.2 and 179 with pH 5.€ ,:t it increased 2, 115 and 286 respectively correspond-
ing to the three sulfuric acid concentrations. Further implications of the simulated acid rain were
also discussed in the study.
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Table 1. Changes of plant height, chlorophyll contents and soil pH during growth period of Melilotus suaveolens treated
with simulated acid rain

Nitric acid Sulfuric acid
Treatments Days Days

pH 14 21 28 35 42 14 21 28 35 42
Height 3.2 5.1 6.3 6.6 7.0 7.2 3.1 43 5.1 55 6.5
( elg) 4.2 4.6 6.1 6.4 8.4 10.4 3.8 5.0 5.8 6.4 7.6
cm 5.6 4.2 5.2 6.3 8.6 1.2 36 5.1 5.9 6.1 8.6
Chloroonl 3.2 2.23 260 219 3.93 211 123 1.90 2.97 223 2.81
( Or/"p IY?W) 4.2 1.91 2.16 28 379 3.90 1.36 1.65 2.92 2.40 2.54
mg/e. 5.6 1.68 2.23 2.93 2.81 294 2.0 2.28 3.69 2.73 2.60

3.2 6.63 6.68 7.0 677 6.63  5.88 6.01 663  6.24 5.81
Soil pH 4.2 617  6.57 717 713 6.99  6.38 6.19 680 693 693

0.6 6.34 6.58 7.23 731 6.9 6.18 7.20 713 7.01 7.03
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Fig. 1. Changes of fresh weight of M. suaveolens
seedlings treated with the simulated acid rain of pH
2, 4.2 and 5.6 by HNO3 and H,SO,.

of Hla) Azt F7)= 77 57%9 44%9] HEE HY

AF Abgn] AMeld wg deaele 7z vjdhdE A
A ko) Wsh= Fig. 29} 7ol FARA] AbAdn)
g pH 3.29F 4.2 Xzt 2 719 2
5.6 Aol vla Azl 148A) 242t YollA 0%}
84%, Z71904 67%9F 46% =2 7rASY T Walo A=
103%%} 97%=2A & wsrh gilont, A 42
= 7tz 9ol 480%9F 387%. =71olA] 212%%h
214%, BE)olA 247%9} 249% 2 A 2HAolA] AA =
7beksih. o= A F(1991)0] Aol Afvtelel A
pH 3.2, 40 3 558 Hestds of 73k AHdelx]
agherol Zoleitia Wask Axel dx|sisic 18



February 1998 Effect of Acid Rain on Melilotus suaveolens 69
1.5 HNO3 107
T HNO3 e H2S804
—
i £ 8
1.2 9
[4))
2 &
91 _9
= |
-8 4
-6- Z 2-
.31
Ll gé é%

pH 3.2 pH 4.2 pH 5.6

: I Leaf
Stem
Root

15, H2S804

Nitrogen content (mg/plant)

@
i

[

LU

0
14 21283542 14 2128 35 42
Days

11

14 2128 35 42

Fig. 2. Changes of nitrogen contents of M. suaveolens
seedlings treated with the simulated acid rain of pH 3.
2, 4.2 and 5.6 by HNO; and H.S0;

W g Abgulel og pH 3.29F 4.2 A& pH
5.6 Mgl vlal X 14980l dollA 2+ 60%t
84%, Z71A 27k 58%%t 90% ZA] 7hAslga, B
go A= 247 71%% 113%2A WEE 5o, A
gl 297 = dolM Ztzt 65%9}F T3%2A AA
23 YAl 70 242 206%9 129% 2 F718H
oA 27 102%9F 95%2 ket

Ahduloll 2f$ FATY go| W3t

¢)a
& A3

g Aol mE dsde fARe
Axny vEy 2 %

ofh
g O oK

[}
A

)

3= Fig. 33 2rh 2aH4 Adule) 98k pH

W bho 0
o hve o

ww

Fig. 3. Changes of nodule fresh weight(mg FW),

ARA (umol CHy g FW nodule '-h™!) and TNA (p
mol C.Hy, g plant™!-h™!) of M. suaveolens seedlings
treated with the simulated acid rain of pH 3.2, 4.2 and
5.6 by HNO;g and HzSO4.

32, 42 9 5.6 HEHA 4~21dA%EH IFHF S

AElo] 245 z+z} 0.8, 8.5 ¥ 54 mg nodule
plant~'=4 pH 3.29] 73k AkAdulo] os] 2H A
o] pH 5.69 vla] 15% ol3t2A #=s] A=
L, pH 42004 157%=2 =0 Aakd Mgy
Helol|A] okt Aol A F FARke] FH7d

A e AAie) B gz AdHY o



70 Song, Seung-Dal et al.

Srivastava and Ormrod (1986)9} Jessop S(1984)0]
I~3 mM NO;~ AgA] FAx Helpo vla) 172
FAago] tha AT Bl axskn). ceuy
wyg Aol ojak pH 3.2, 4.2 2 5.6 3] Lol Ai=

1494 6 R7h sl Hel 2940 i dA4]
g2 747k 20, 3.9 2 6.8 mg nodule - plant~'5 4] pH
3.29F 4.29] AHdH] A= pH 56°ﬂ Hla 71z} 29%
o S7% 7 @Al A AFE A

A abdnl HEel e 2o dand wiey
o] Wshe pH 3.2, 42 2 5.6 A follA BE279l
14~214 =)ol z}z} AEHZ] 367, 42.8 9 473 mol

C:H, - g7 fw nodule - h-1ol| 4 ¥z} 7HAasle] e 28
A 2tz 50, 184 2 419 mol CH,- g fw
nodule - h=' 131 2YA= 22, 208 2 332 umol
CHs - g7! fw nodule - h=' 2] pH 3.29} 4.2+ 7z}
pH 5.691 Bla] 7%% 63%=A 58] sk ] pH
32004 dAE Sl A #4E Hch Lawna}
Brun (1974)% F°] Zi1uAo] gt AAY o] &9 o
FREA A AL AE B skt 3HA ARAdu] o
o3t pH 3.2, 4.2 2 5.6 2|l A] 14259 AAa517
A0 Ztzb A 41.0, 825 % 111.7 wmol C:H, -
g”! fw nodule - h'¥ 3, Al RAA= 2+ 11, 296
2 42,1 gmol C:Hs- g™' fw nodule - h'24] pH 3.2
o 4.2¢] AHgu] Al pH 5.6 Aokl wls] &4
o Ztz} 4%} 60%¢olstR 23] 7HAsisint.
ANEAG & Arngde A5 o] uel
dekol Futel wlEAde] Aol o8] WalEiy A
A Abgulel pH 3.2, 4.2 2 5.6 A2l oM 42950
Z+ 1, 177, 179 nmol C;H, - plant~* - h='ZA] 74
o} pH 3.2 Mg = pH 5.6 g7l vla] 0.6%°) +
¢ dandEs BAou pH 42 A %—?

_l}L oX
2 r‘.,>; oftt

O

il
c

S PR dd R ALNYFS welth B
el Aelel HEAY B Arngae A2 2L

2

| pH 3.2, 42 % 5.6 He]ollA 242z 2, 115 2 286
nmol C:H.- plant™' - h='24] pH 3.2¢} 42 #Hzj4s=
pH 5.6 X2l ¥ z+z; 0.7%%} 40% 2~ AAaA
gro] A THAE YeRNS

efel A danigel Ulil% é%}*é ‘é! fl“ &

Korean J. Ecol., Vol. 21, No. 1

Qg ] Helol ek RSk A% 4L 3
A4 APgle) ol pH 3.2 Helpol 4 pH 5.6 Hel P

of Blsh AY&2vIe 121% F7lg vk shaby kg
el Ali= 83% Aalls et AR 45 ek
A Akl pH 32 HMe|qtollA] 14 Aol 7}zb
168%9} 133% 2 Z7hEglon, Sk Abguo)A 7}
Zb 80%9} 62% = SJAl¥|qdct. A4Hd 4Hdnle] pH 3.2
9]_ 4.2 ﬂﬂlir“’ﬂﬁ o% }‘7] UJ Hlig] o] 11/\6}211? Z)i
o] ol &gyl ola] pH 5.6 Hls| 42l z}z}
480%2F 387%. 212%9F 214%, 247%$}F 249%= A =
A Frrstdi et dabd abguleAe 474 65%9
73%, 206%F 129%, 102%%}F 95%= #H&E nou)
-Lc! 'E;J,H,O. ﬂ{i] 42%1;;]10” x])\}/H )\]-/H}j]g] pH 32 i—]
g4 pH 5601 M) 85% Ao, pH 4.2
Aol M= 157%2 E3EAed, g aHdulel
Mz 22 T1%9F 43% AsiE At e
uj kAo 2 Ak AN pH 3.2, 4.2 2 5.6 e o)l A
7}2} 367, 42.8 2 47.3 gmol CoHy - g7 fw nodule -
h-19da, %%W, ARdnloll A= 22k 41, 82.5 2 111.7
' fw nodule - h™'2 WH3lelHth 2184
2540l Ar AHAdH]
pH 32, 42 1 56 AzfollA Zzb 1, 177 ¥ 179
nmol C.Hy - plant='- h=' i3l gk 2Adujo M=
Zk7} 2, 115 % 286 nmol C-H, - plant~' - h='Sit},

A

/,tmOl C1H4 ‘
o) & AU\ 1A SO 2

8 =
g =

7RI, stel g, AE), S, Hud, DAkt 037,
HAE, HF, vhe g 1993, th7] .ol 7} AHdu)o)
o3k dlsfzeAt 2 oAbl et AHII-1). =y 3

Aolreln 15 1097122,

A, AR, o] 94, o]l AMlel, A, HYY,
g, o=t 1993 BN E 918 HaE )
ol et A(l). FP ALY R 15 25-39.

B 1992 QLT 55 FAgel, FoAE
o BEAA| 0] x| 9§k shate] ] #] §1: 30-39.

Ak A3 1994, lFarAy] Mol sk Sy
o o] AAS. A 283 7] 37: 93-99,

ColAL AEAL 1985 JH AR Y] 7)o

o] v A ek 7 AetE A 1 25-32,

FEREL (1. 1993, Q) akA] Bl 9ldk Qo Y

- AR, Sl &3] %] 160 409-416.

#HUel, olFul, A, MR



February 1998

MY, B9, AT, AEE, A, AL, o
4. 1993, H71Q A Ao o Wz} o
il B Al FABFATAY 15
41-52.

o194, Wge, LM

A

) LN p
- . - o -
W oY, B9, AU, PEE, WA, 4

53-62.

olgA, olWE, AFTH, HAF, KAV, UEE U5
7. 1993, 7129 o 5
71l
315-328.

A7), o)l&A, o147 1993, Hj7|7kAR ThE QlFAk
Aol o3t Ao e F dAEEE A
16: 17-26.

A&, gL, 1, HAYY, s, AE3, oF
), ol#vl, HEZ, AE, 24, 191, 7124
o Agulel] olgk sajzAl 9 W7k #eh A1
-1). AHEE AU 13 61-71.

HYd, o] A, AR, AFEL, olitd, FuEH, o
A, AAE. 1993, 719 AHdulel dig W4
% 9 Bioindicator®] A% §F N I). ZFH
AR 15 425-431.

Arnon, D.J. 1949.
chloroplasts polyphenoloxidase in Beta vulgaris.
Plant Physiol. 24: 1-15.

Chalson, RJ. and H. Rodhe. 1982. Factors contro-
lling the acidity of natural rain water. Nature 295:
683-685.

Feder, W.A. and F.J. Campbell. 1968. Influence of
low levels of ozone of flowering of carnations.
Phytopathology 58: 1038-1039.

Ferenbaugh, R.W. 1976. Effects of simulated acid
rain on Phaseolus vulgaris L. (Fabaceae). Am. J.
Bot. 63: 283-288.

Hiscox, J.D. and G.F. Israelstam. 1979. A method
for the extraction of chlorophyll from leaf tissue
without maceration. Can. J. Bot. 57: 1332-1334.

Irving, P.M. and J.E. Miller. 1980. Productivity of
field grown soybeans exposed to acid rain and

= ] =
42 A4, FYAATIR 15

ot

o

Copper enzymes in isolated

sulfurdioxide alone and in combination. J. En-
viron. Qual. 10: 473-478.

Effect of Acid Rain on Melilotus suaveolens 71

Jessop, R.S., S.J. Hetherington and E.H. Hoult. 1984.
The effect of soil nitrate on the growth, nodu-
lation and nitrogen fixation of chickpeas (Cicer
arietinum). Plant and Soil 82: 205-214.

Johnston, J.W.Jr., D.S. Shriner, C.I. Harer and D.M.
Lodge. 1982. Effect of rain pH on senescence,
growth and yield of bush bean. Environ. Exp.
Bot. 22: 329-337.

Lawn, R.J. and W.A. Brun. 1974, Symbiotic nitrogen
fixation in soybeans. 1. Effect of photosynthetic
source-sink manipulations. Crop Sci. 14:11-16.

Lee, JJ., G.E. Neely, S.C. Perrigan and L.C.
Grethaus. 1981. Effect of simulated sulfuric acid
rain on yield, growth and foliar injury of several
crops. Environ. Exp. Bot. 21: 171-185.

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

Neufeld, H.S., J.A. Jernstedt and B.L. Haines. 1985.
Direct foliar effects of simulated acid rain. New
Phytol. 99: 389-405.

Patterson, R.F., C.D. Raper Jr. and H.D. Gross.
1979. Growth and specific nodule activity of
soybean during application and recovery of a leaf
moisture stress. Plant Physiol. 64: 551-556.

Percy, K. 1986. The effects of simulated acid rain on
germinative capacity, growth and morphology of
forest tree seedlings. New Phytol. 104: 473-484.

Porter, R.J. and R.P. Sheridan. 1981. Inhibition of
nitrogen fixation in alfalfa by arsenate, heavy
metals, fluoride and simulated acid rain. Plant
Physiol. 68: 143-148.

Raynal, D.J., JR Roman and W.M. Eichenlaub.
1982. Response of tree seedlings to acid precipi-
tation. [I. Effects of simulated acidified canopy
throughfall on sugar maple seedling growth. En-
viron. Exp. Bot. 22: 385-392.

Reich, P.B., A.W. Schoettle, H.F. Stroo, J. Troiano
and R.G. Amundson. 1987. Effects of ozone and
acid rain on white pine (Pinus strobus) seedlings
grown in five soils. 1. Net photosynthesis and
growth. Can. J. Bot. 65: 977-987.



72 Song, Seung-Dal et al.

Rhyu, T.C., K.D. Kim and J.H. Kim. 1994. Growth
decline and abnormal vertical distribution of fine
roots of pitch pine in Seoul metropolitan area.
Korean J. Ecol. 17: 261-275.

Rhyu, T.C. and JT.H. Kim. 1994a. Growth response
to acid rain, Mg deficiency and Al surplus, and
amelioration of Al toxicity by humic substances in
pitch pine seedlings. J. Plant Biol. 37: 301-309.

Rhyu, T.C. and J.H. Kim. 1994b. Growth decline of
pitch pine caused by soil acidification in Seoul
metropolitan area. Kor. J. Ecol. 17: 287-297.

Smith, C.R., B.L. Vasilas and W.L. Banwart. 1991.

Korean J. Ecol., Vol. 21, No. 1

Physiological response of two soybean cultivars to
simulated acid rain. New Phytol. 119: 53-00.

Song. §.D. and B.. Kim. 1992. Changes of nitrogen
fixation activity and cnvironmental {factors  of
growth in Lespedeza bicolor Turcz. Korean J. Bol.
350 317-322.

Srivastava, H.S. and D.P. Ormrod. 1986. Effects of
nitrogen dioxide and nitrate nutrition on nodu-
lation. nitrogenase activity, growth and nitrogen
content of bean plant. Plant Physiol. 81: 737-741.

(1997 118 27 H5)



