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Abstract

In this paper, the current knowledge on the formation of acid rain and its effect on vegetation
are reviewed.

The pollutants which were emitted into the air are oxidized by photochemical reaction and
affect the vegetation by dry and wet deposition.

Acid rain at pH 4.0 affected sensitive plants and when it was below pH 3.0, visible symptoms
developed in most of the crops.

The acid rain treatment at pH 2.0 decreased dry weight, leaf area and chlorophyll contents in
soybean but it increased rate of photosynthesis and respiration rate.

Rain treatment at pH 2.8 increased ethylene production, but it's not a suitable indicator of
sensitivity to acid rain.

At pH 2.0 treatment, the contents of soluble Mn and Al were increased but the cultivated soil
pH at upper layer(0—5cm) was significantly decreased.

The pertubation of glandular trichome which is existed along the vein was developed at all
treatment except the control(pH 6.0) and non-treatment.

Histological pertubation of spiked trichome and disintegration of chloroplast were developed
only on the leaves of sesame treated with SAR(simulated acid rain) of pH 2.0.

M =2 LR A= @ﬁ*@}“ ol d71Foz ®o] W4aEs

<H oL urIFAAM BT sEhiteg AAH

Addol dedstn Aprt Frigel weh AR *W“*‘Ol AR ol# g M4 EZL Dry de-
AAA HWiEHE otgatrtasl AFR B FeA position# Wet depositiono] 2js] Z&t=ed A=}

* BIHEEEE BRI AT (Agricultural Sciences Institute, RDA, Suwon 441-707, Korea.)

346



Z % BNV} i mX e B 347

o] A$E AAdule RiEEEA SOt NO, Fol ol F AHU7L A Ao WX Fe Hlo A
ANAReZ A3 AEA FEHAY EHEHE (par- Aw®, FeAZL BEYxA, ZEY F{FY, 3
ticulate aerosols)o] 8o <& ARHe Aolw, A B FEzA 5 o] Q59 wa
FAe] ASE A4 BEAEO A5 g FAEHE Aotate, Az A7t #E9 FdH AfzE E
Aoz pH 56 ol3tE 2wz g} o] V& KAg sz % gr)ed9Ed 9@ B o
w9 dxle] hr]E o]Asteka(ek 340ppm) 7t Tl WA A4, gz HEe FELESF FUh 38
8 714 23 482 o AYsH= @i F 2 3F 5 ARE 23, FEY PojxF Hgsol
A0le T8 JFEea § FHolpPo, wE WHA, WEg 24 a8 BEYE S4EE
03 (CZONE)
lhu
0 (EXCITED
ATOMIC OXYGEN)
|
+ H20
N + NOg
NO2 HO (HYDROXYL - HNOa
(—-\ RADICAL) (NITRIC ACID)
+ NO CDz [— + CO! 0z + 50z, Oz
H & “I + H20
HOz [¢ 3| S03 |mec— H2S04 —
] (SULFURIC ACID) |——
0z + HOz I
Hz0z (HYDROGEN| + SOz Hz S04 SULFATE
PEROXIDE) |——>|(SULFURIC ACID) PARTICLES

////////////
By

g
/] ////////// ﬂ i
SUZ' CID RAIN /// ({m R/A/I/N//
j’_,z"‘ \L\ﬂ l %(wgr DEPCSITION) //////

Fig. 1. Atmospheric chemistry generates sulfuric and nitric acids from sulfur dioxides and oxides
of nitrogen given off by industry and vehicles.
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Table 1. Effects of addition of simulated acid rain in the cultivated soil on the seed yield charac-

teristics of soybean plants.

(Kobayashi et al.'®, '92)

Plant and soil Soil
Yield component
pH 56 pH 40 pH 30 pH 20 pH 56 pH 40 pH 30 pH 20
Seed dry weight per 4.82b 4.81b 430ab  4.18a 4.77a 4.44a 4.85a 4.8%
plant (g/plant)
Seed number per plant 23.6b 24.2b 22.0b 17.5a 24.4a 24.3a 23.9a 24.8a
(seeds/plant)
Pod number per plant 13.0ab  13.4b 13.0ab  10.0a 14.2a 13.0a 13.4a 14.0a
(pods/plant)
Stem dry weight 0.90b 0.96b 0.85ab  0.72a 091a 0.82a 0.84a 0.85a
(g/plant)

Table 2. Response of beans to pH 3.2 solutions applied in two dose patterns as

rain or a soil drench.

(Johnston'®, ’82)

pH
Parameter Method
5.6 3.2 constant 3.2 average*
Shoot weight (g) Rain 8.7a 8.3a 7.9a
Soil 8.74 8.8a 9.5a
Root weight (g) Rain 2.2ab 1.9ab 1.7b
Soil 1.9ab 2.0ab 2.6a
Pod weight (g) Rain 3.5ab 2.8ab 2.6b
Sail 3.1ab 2.9ab 3.7a
Pod number Rain 12a 11a 10a
Soil 11a 10a 11la

* acidity of the solution decreased in a stepwise fashion from 2.8 to 3.1 o 34 to 36
to 4.0 in 8 min intervals such that the average acidity and total H* dose during the
40 min rain event was identical to the treatment in which the pH was held constant

at 3.2
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Table 3. Leaf area of soybean plants as affected by simulated acid rain

(Kohno et al'”, ’88)

Exposure Rain Leaf position
period pH
(weeks) 1 2 3 6/7
5 5.6 73.5¢ 81.9b 93.3b 37.8a
4.0 70.4bc 79.3b 96.4b 54.8a
3.0 59.1b 73.7b 89.2b 47.9a
20 38.8a 50.2a 50.5a 44.2a
7 5.6 73.3b 81.3b 96.6b 47.5a
4.0 71.7b 78.9b 97.9b 68.1a
3.0 67.7b 78.8b 94.0b 48.6a
2.0 38.8a 55.7a 49.3a 55.9a
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Table 4. Chlorophyll content, respiration rate, and rate of photosynthesis for control and

acid-treated plant. (Ferenbaugh'®, '76)

Treatment Chlorophyll content! Respiration rate? Photosynthesis rate®

Control 1.96 445 230

pH 35 1.87 438 467

pH 3.0 2.02 495 544

pH 25 1.86 598 676

pH 2.0 1.24 529 7860
F(treatment) 73.46 1147 14.97
Significance(p) 001 001 001

!Reported as milligrams of chlorophyll per gram of fresh weight
2Reported as microliters of oxygen taken up per gram of fresh weight per hour
3 Reported as microliters of oxygen evolved per milligram of chlorophyll per hour

Table 5. Effect of fog pH on the concentration of carbohydrate (mg/g d.w) and “C label(10°

dpm/g d.w) in various plant parts. (Mengel et.al®®, '90)
Plant Starch Sucrose Glucose Frutose 4C label
parts 2.75 5.0 2.75 50 2.75 5.0 2.75 5.0 2.75 5.0
Young 82 17.0** 19 1.7 284 32.4** 25.2 28.9* 2.65 291
needles 13 25 0.5 04 11 1.0 14 1.9 0.1 0.02
Older 5.5 5.7 2.8 1.6 299 32.0 218 21.7 1.61 1.70
needles 11 15 0.6 04 0.9 16 0.6 0.9 0.13 0.04
Roots 12.6 17.7* 25.1 259 125 12.8 99 9.7 3.76 344
1.0 14 0.5 1.0 0.3 05 0.3 04 0.08 0.16
Total 2.66 2.70
tree 0.18 0.11
g an #ge @FF gl AEHFol Table 6. Mean ethylene production by potato
H94 A wolA Aot oF fEE HY and radish foliage in response to
ot 24 ol Az $99 B4REY ol I rain treatment (Arny™, "86)
Z F B53E ) vdtd 1% o]ty 23] F Treatment pH Potato radish
& FolEz o2 AT YR gdFIEoNt Y 2.8 2.81*Y 3.22
Ageel g Fage vt Y4HA F 38 2.59 301
e} ol e 93 24 AZHESH Assimilation 46 2.63 2.99
N 5.6 2.38 3.03
chamberd o] A #C& HF A7 F, 73 244
N SD 0.39 0.34
W b e A2 A#d pH ztd :
Auh g 7HE) UF-o F3 4B A" p | CVA%) 15.18 1L01

94 de Aolg B F AN (F 5).
D e -
E 62 Ay Ao wE A T 9 Eth- > unit : log(nl/g d.w.)
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Table 7. The pH and EC of cultivated soils
as affected by acid rain treatment
(Kohno et al'”, '88)

2y J1AF AF, 2R g We 2gn Exposure period  Rain pi EC
Yarke 22, ok 72 3 335 5ol sl (veeks)  pH 029 GSem
ol 275, sAE Azt vehts) A % Initial 589 805
Merol Hejsb ©ek Ferti;ized 537 478.7
AeE pHol 4Bglol Fo YN 24 Auoh o M e
2 @9 Ethyleneo] @Al w0l ZEZH ol 30 5.54a 312.2ab
Ethylene 44¢ 29k AHalg AFv|e pHE=R 20 5.39% 374.5b
£ H]E pH 289 A-F4t4dd] g2 Ethylene A 7 5.6 5.93c 97.7a
4ol Z7Egith et 70l B9 Ethylenes] ;g 283‘; 9422
s o o : 7 1131a

g Fol F7tson 2ole) Aole Wtz 4 20 560a 1598

ko] FasiPthe o¥e Hiel o] 4gy] A
go] W& 22¢] Ethylene 44 A#A7} 2E FE
oA UX|EA ooz Ethylene J4& AHdnle]
Y149l whgo] ohx webA Abgule] dE o
A4 Bz s A gk

v 238 Smm/hre) £52 3] 1A AF
HE HYste] 2422 Au £ AuESS] pH 3
EC ¥3tg 29 ¥ 73 2ok A1¥d B4 pHe
oF 6.0 ojglen], HE AgoE 54 IEZE olH
o 33 ANa Fole AyE AFH e pHER EF
o] pH WglE 8 & gdey 73 Ag Foe o
Z7(pH 56)9 pH 4.0 o|3te] AFadul M+

el B pH #te 0182 3] HAP #F4
RE Aolg WA APUIE Ad EFY A4
3lg Bgon, EC =3 pH 20 AMgFrA g&
Ao vHEsle & AVAREE Uik
¥ 8% 7} pHYE J1FgHIE XEstd F& A
g & FEZF 0.IN-HCl 7184 9483 e
A Zojtt dnlFe Frhe AAG¥E A AHA
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Table 8. Contents of soluble mineral elements in 0.IN HC1” and in the upper layer

(0—5cm)? (Kobayashi et al.'®, '92)
pH of simulated acid rain
Element

5.6 4.0 30 2.0
Ca 2421a% 2.562a 2.366a 2.442a
K 0.293a 0.328a 0.290a 0.362a
Mg 0.240b 0.223a 0.228ab 0.207a
Mn 0.116a 0.117a 0.123a 0.188b
Al 11.565a 12.070b 12.198b 11.939%b

D soil : HCl=1:5
2 soybean cultivated soil which was exposed to simulated acid rain
¥ unit : mmol/100g
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Fig. 3. Scanning Electron microphotographs of spiked trichomes of sesame leaves trcated with si-
mulated rain. X 100. A ! Non-treated with simulated rain. B | Control(pH 6.0), C . SAR(si-
mulated acid rain) of pH 5.0, D : SAR of pHf 4.0, E : SAR of pH 3.0, F: SAR of pH 2.0.
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Fig. 4. Scanning Electron microphotographs of spiked trichomes of sesame leaves treated with si-
mulated rain. X2,500. A : Non-treated with simulated rain, B : Control(pH 6.0), C : SAR
(simulated acid rain) of pH 5.0, D : SAR of pH 4.0, E : SAR of pH 3.0, F: SAR of pH

2.0.
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Fig. 5. Cross sections of leaves of barley, radish and c. cabbage after exposure to SAR (simulated
acid rain). A—C : Barley treated with SAR of pH 6.0, 3.0, and 2.0, D—F : Radish treated
with SAR of pH 6.0, 3.0, and 2.0, G—1: C. cabbage treated with SAR of pH 6.0, 3.0 and
2.0, respectively.
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Fig. 6. Transmission electron microphotographs of chloroplast of sesame leaves treated with simu-
lated rain. X 10,000. A : Control(pH 6.0), B : SAR(simulated acid rain) of pH 3.0, C ! SAR
of pH 2.0.
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