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The experiment was performed to elucidate the effect of simulated acid rain on growth of the seven
crops(Daucus carota var. sativa DC., Fagopyrum esculentum Moench, Brassica campestris subsp. napus
var. pekinensis Makino, Raphanus sativus var. hortensis for. acanthiformis Makino, Brassica alboglabra
Bailey, Caphsicum annum L., and Perilla frutescens Britton). The pH levels of simulated acid rain ranged
pH 3.1, 3.6, 4.1, 4.6, 5.1 and 5.6. The germination with each crop was influenced from simulated actd
rain except buckwheat and kale. A general decrease of growth in crops was observed with increasing pH
concentrations. The pattern of soluble protein was observed a tendency to decrease from acidic pH gra-
dients. According to acidity, total DNA contents of each crop was showed a definite reduction. In con-
clusion, plant growth was stimulated decreasingly and the changes of total protein patterns and DNA con-
tents extracted from leaves trended with simulated acid rain was showed seriously.
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Table 1. The rate of germination according to the simulated acid rain treatments in seven crops (unit:%)

pH treatments

Species

Control 5.6 5.1 4.6 4.1 3.6 3.1
D. carota 54.8 66.0 78.0 36.1 42.0 241 17.3
B. compestris 31.1 25.3 42.0 60.2 77.3 32.0 22.4
F. esculentum 26.5 56.0 61.5 69.4 82.6 71.0 72.4
R. sativus 35.0 38.0 80.0 63.0 36.0 9.0 10.3
B. alboglabra 24.0 29.0 35.0 50.0 62.0 81.0 74.0
C. annum 62.5 69.0 70.5 66.3 62.0 53.5 40.0
P. frutescens 77.5 74.0 73.5 70.3 67.5 63.0 59.0

Table 2. Simple linear regression for correlation between simulated acid rain and germination of seven

crops
SV DF SS Variance Vx/Vy F t r
X 1 4.89 4 .89 11.59 2.5706 < 3.4040 0.84
Y1 5 2.11 0.42
X 1 0.05 0.05 0.04 2.5706 > 0.1934 -0.09
Y2 5 6.95 1.39
X 1 4.09 4.09 7.02 2.5706 < 2.6490 -0.76
Y3 5 2.91 0.58
X 1 1.74 1.74 1.66 2.5706 > 1.2871 0.50
Y4 5 5.26 1.05
X 1 6.54 6.54 70.72 2.5706 < 8.4093 -0.97
Y5 5 0.46 0.09
X 1 4.20 4.20 7.50 2.5706 ( 2.7392 0.77
Y6 5 2.80 0.56
X 1 6.78 6.78 156.25 2.5706 < 12.5001 0.98
Y7 5 0.22 0.04
* © Fo - oos value. ** : Coefficient.
SV : Source of variation. DF : Degrees of freedom. SS : Sum of squares

X : pH concentration, Y1

. D. carota, Y2 : B. compestris, Y3 : F. esculentum.

Y4 : R. sativus, Y5 : B. alboglabra, Y6 : C. annum. Y1 : P. frutescens

Ak ek AL £F Soll v 3% 5 F2
2ol A% Qe T Fol ds) A7 F2 A
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Table 3. The growth-rate of crops according to the treatment of simulated acid rain in 4 weeks after sow-

ing

pH treatments

Species Factor

Control 5.6 5.1 4.6 4.1 3.6 3.1
total(cm) 14.5 18.5 17.0 13.1 8.5 5.4 6.5
D. carota root(cm) 2.3 2.5 2.5 2.1 1.8 1.3 1.0
R/T ratio 0.16 0.14 0.15 0.16 0.21 0.24 0.15
total(cm) 18.2 19.6 17.0 17.4 16.0 10.5 9.8
B. compestris root(cm) 6.2 6.6 5.0 4.4 3.0 0.5 0.8
R/T ratio 0.34 0.34 0.29 0.25 0.19 0.14 0.08
total(cm) 20.5 19.3 16.6 14.2 13.6 11.2 12.0
R. sativus root(cm) 3.5 3.2 3.0 1.8 1.6 1.2 0.8
R/T ratio 0.17 0.17 0.18 0.13 0.12 0.11 0.07
total(cm) 421 44.0 35.0 24.7 24.2 16.7 12.1
F. esculentum root(cm) 6.8 6.2 4.7 2.6 2.5 1.2 0.8
R/T ratio 0.16 0.14 0.13 0.11 0.10 0.07 0.07
total(cm) 7.7 8.0 8.8 10.2 11.2 14.4 13.6
B. alboglabra root(cm) 0.7 0.8 1.0 1.2 1.2 1.4 1.5
R/T ratio 0.09 0.10 0.11 0.12 0.11 0.09 0.11
total{cm) 57.7 58.2 60.5 59.2 57.1 53.3 48.8
C. annum root(cm) 5.3 5.3 5.5 5.4 5.2 4.9 4.0
R/T ratio 0.09 0.09 0.09 0.09 0.09 0.09 0.08
total(cm) 49.7 52.3 46.4 42.5 40.2 35.1 28.4
P. frutescens root(cm) 4.6 4.6 4.4 4.1 4.1 3.8 3.3
R/T ratio 0.09 0.09 0.09 0.10 0.10 0.11 0.12
=, 8 AHH,S0,)7 FAHHNO,)-& 3 : 12 4o pH 5.6, thulal o] H4l.e Laemmlio ¢} 3} v} (1970)2 ¥ 3
5.1, 4.6, 4.1, 3.6 28] 3.12 AF AU & Azl st AAsnt. AR F£2 A Fel grinding

At hE2FL SEE(pH 6.1)}% Al&3lgoy =528
o] pH7} 4A 844 o2 wj= pHE BA s 2 5=
29 215 5034 Aol Y2 285 AANE A
2]t g27]ol M 20+ 1CE A5l sfa) o} H
Z st} FahE oo} wolo) /g Ao x}e]
7} gz Y AEF 7P} & 259 wolgol
50%°])4 & w 508 % dolgE ArEsldlod
33 wrBAY e HFAE Fsigct. wolg o FAbr)
o] Foizl AHE-& vermiculite® §-& 3ol o]Aldl
3 AAES Z2Asldc. dubdel EAMYE Zar
(1984)2} whe ol whstc}.

2.2.2 Q}Aef

20+1T 225l A A oA 7] frolE ol o]
AEa AR 157U F 4070 A & 3 she] dopi A9 vl
g RAL] HEF FAFAE ARG 2 4T 8] 7
AW e 2392 zAEl 45 AR A F] B
g 2~3%4& o] Dl R4zt EE AME-sA )

2.2.3 shiA Wz}

buffer(50mM Tris-HCl, 0.1M NaCl, 0.1mM EDTA,
pH 7.8)2 F913}¢] vl4¥} o} g 15,000rpm o 2 30+
7 AAEAA FADE FEle WL R 28 AAjs)
Ak & Fe FANE Hsle] 5o sample ex-
traction buffer& ¥ 100TCel|4] 1~287 Fet3t &
4%2) bromophenol blue® tracking marker2 9]
T g Aol A4zt 50ul¥ F9138+%lt}. resolving gel--
13% acrylamide&-, stacking gel> 4% acrylamide&
Al&3Lgd ). o] E& 7}zb 70Ve} 100Ve| A vertical
slab gel apparatus® 7| EA 7). A7]dF Feo
AL 0.1% commassie brilliant blue R2502. 8 347+
%<t shaking®} tj 8o 4 A3 o} ] FA7F ojAF L
2 destaining solution (30% methanol, 10% acetic
acid)e 2 24 Aot FA4% AL 570nmefj4 FEZ
A 7] 2 scanningdl{rl. Arledseor Rajgl 7t oy
A9 band%9 Exlz &AL 93] BSA(bovine
serum albumin, 68000 dalton), ovalbumin(43,000
dalton), carbonic anhydrase(29,000 dalton), lyso-
zyme(14,300 dalton)3} ribonuclease(13,000 dalton)
e RFUAL AHgsisich
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Fig. 1. The regression lines of the rate of ger-
mination with each crop.
Y1=16.5929X-30.8557, D. carota; Y2=-1.
6143X-48.8971, B. compestris; Y3=-11.
3429X+110.6629, F. esculentum; Y4=12.
5786X-19.1043, R. sativus; Y5=-4.6800X+
90.5680, B. alboglabra; Y6=7.6429X+25.
3857, C. annum; Y7=5.9643X+41.8214, P.
frutescens

2.2.4 Total DNA 3%t

DNA%} 22 Tsunewaki(1989, 1990)2] Hpo] wia}
ozt FEHEZ A 289 dlgeizTFe] DNAY
o] of 100ugs =& 3}7] $lsted 7zt Fol wiel 7z}
4 HAALE Hr)sle vl =2 buffer(0.1M
Tris-HCl, 0.5M NaCl, 500mM EDTA, 100ml mer-
captoethanol, pH 8.0) 50ml-g ~}3}¢dt}. 500ul SDS
T8N (10% w/viE 7}ste] A3 65T, 3082 Hejg
% 4] 1.4ml 24 E48-9(5M acetic acid, 3M
CH,COOK, pH 4.8} 7}3tad 41z 1087 A& A A
AlZch. 16,000rpmeo.2 1087 YA E Abalol.e
tubeol] 3 %, 1 oke] 2.5u)4) sitsls 99.5% 4=
<& hete] AAS EPshsint. 422 S Aoz 3
3 F 70% 42LE 23] AAZ F TE buffer(10mM
Tris-HC1, 1mM EDTA) 500ul, 60Tl £-3}A4 t}.
5ug RNase(10mg/ml)}E 7ls)} 37T, 1A]7} A& %
¢l th. DNAA =2 Calf thymus DNA stock solutiong-
0]-83}+= fluorometer(TKO Hoefer Scientific Ins.)=
273y o).
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Fig. 2. The protein patterns of Daucus carota to
simulated acid rain.
A: control, B: 5.6, C: pH 3.1
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Fig. 3. The protein patterns of Brassica cam-
pestris to simulated acid rain.
A: control, B: 5.6, C: pH 3.1
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Fig. 4. The protein patterns of Fagopyrum es-
culentum to simulated acid rain.
A: control, B: 5.6, C: pH 3.1
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Fig. 5. The protein patterns of Raphanus sativus
to simulated acid rain.
A: control, B: 5.6, C: pH 3.1

Fig. 6. The analysis of kale by acid rain.
A: control, B: 5.6, C: pH 3.1

Table 4. Changes of total DNA content {ug) according to the treatment of simulated acid rain in seven

crops
pH treatments
Species
Control 5.6 5.1 4.6 4.1 3.6 3.1
D. carota 120 118 115 116 113 108 100
(3.1) (3.0) (2.9) (4.0) 1.2) (1.3) (2.0)
B. compestris 122 125 123 120 115 110 101
(3.3) (2.5) (2.1) (1.1) (1.0) (1.3) (2.4)
R. sativus 136 135 130 131 126 120 113
(3.0) (2.1) (0.1) (0.7) (1.7) (1.0) (2.5
F. esculentum 143 146 146 144 140 136 129
(2.2) (2.8) (4.0) (5.2) (2.3 (1.2) (3.0)
B. alboglabra 92 95 99 97 95 91 84
(3.1) (1.8) (1.6) (1.5) (2.5) (2.5) (1.4)
C. annum 107 106 106 104 101 89 101
(2.6) (1.5) (1.4) (3.4) (2.6) (1.2) (2.0)
P. frutescens 121 120 117 115 110 104 92
(0.1) (2.2) (2.3) (2.0) 1.7 a.mn (2.1)

)

© Standard deviation.
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Fig. 7. The protein patterns of Caphsicum annum
to simulated acid rain.
A: control, B: 5.6, C: pH 3.1

(Fig. 5). uteby A2 hepe} tjEef AbAJulell o)
Z cdE el A ookl Fef QloiM = LEAIE
(68 Kd)o| 747} dAsiden 1 &L FRHAES
Bapegol s ozt ZhAastdd A vy, MEAENA= A
of 32 wkz] ¢kokrh(Fig. 6). el oI A& pH 5.60
A 3¢ pH7} dold 42 iwial W= peakrt HA o
o} & thFig. 7).

3.4 Total DNA &gk

ol 1g% oF 100~ 150uge] total DNAgHaF
(Table 4). 232} 5712 -°r: pH 3. 64 3.1 4
84~95uge| g os Ade A= HETHE 100ug
olstgdct. WA ofAks) Z}isl‘e HA-& FAFskA| RE
I 7)Ee] He sxe 4219 Aelr) alddh. A
oA o R-E A2 pHA 2 A &2t Abgslodr) HAs)
218k DNA§HEHo] loid = Ad-g A8t pH 5.

< walnh

Fig. 8. The protein patterns of Perilla frutescens
by acid rain.
A: control, B: 5.6, C: pH 3.1

6H A ¥E 2art AT w3 AT vl e
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4. 71 &
71 2d-S B st Wy g 2719 AddFel
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ok tirj e 23 A E2 ALE= AEAL] 4
Foll 24 A AL, FIPEL U] e} A
FJBA7Y Adge] A A s cHAkio, 1980). AvF-¢] 7
B3R E 23 S5 wE Wd 333HE S
L2358 Hoo], AFeda= we] g

Aol A shte] AHAoe SR Ax FHRE
AtE ¥ ZA3HTable 3) 3147} A d8g utm A A4
7F Floje] o 3kg k= 1S o 4 gk ol vhEn B
< A3z A4} F, AlFE duld ez f@7e] &

N R 2

o

Table 5. Depth distribution of pH after application of simulated acid

pH treatments

Depth

Control 5.6 5.1 4.6 4.1 3.6 3.1
10cm 6.4 6.4 6.0 6.1 5.7 5.1 4.8
20cm 6.2 6.3 59 5.8 5.4 4.7 4.6
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Alahnche 24 o
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AE 93 Aeklol ¥ RO AbrH )

AbAdu) ol izt ARy} e o] wWslokake S0 9
ASdA T FEEC EAleidE 7FA1A- ] whd 9] 5
7} 71A EA @ AFREE A2 3, A4l
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