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Characteristics of Growth Response and Nitrogen Fixation of
Melilotus suaveolens Seedlings treated with Al

Tae-Gyu Park and Seung-Dal Song
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(Manuscript received 26 November 1997)

Effects of aluminium(Al), soil pH and calcium(Ca) on growth response and heavy metal accumulation
and regulation of nitrogen fixation in Melilotus suaveolens seedlings, a biennial legume plant dominating
in the disturbed area, were quantitatively analyzed during the growing periods. Accumulation of metals
in each organ of M. suaveolens was increased with the lowering of pH. Al contents in leaf and root treat-
ed with 30ppm Al at pH 4.2 on the 28th day after treatment were 8 and 11 folds higher than those of
control, while the contents with 100ppm Al were 21 and 24 folds as compared to control. The significent
inhibition in Al contents was induced by 100ppm Al and Ca at pH 6.5. Increased metals inhibited height
at pH 4.2 and the growth inhibition due to Al was reversed by the addition of Ca, suggesting that growth
correlates to the pH value. Chlorophyll contents in leaves increased during growth stage were inhibited
by Al treatments. The biomass was decreased with the lowering of pH and the increase of concentrations.
100ppm Ca treatment resulted in 5.1-5.9% increase of the biomass as compared to that of 100ppm Al
Specific nitrogen fixation activities in nodules in the 100ppm Al at pH 4.2 and pH 6.5 were reduced to 35.
2% and 52.2% of control, on the 28th day after treatment, while the combination of Al and Ca induced
inhibition of activities to 4.6% and 69.9% of control, respectively. Total amount of nitrogen fixation was
reduced by 10% as compared to control with the treatment of 100ppm Al at pH 4.2 due to the inhibition
of nodule formation. However the stimulative effect of nodule formation was enhanced by the com-
bination of 100ppm Al and Ca and lowering of pH.
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1.4 & wHMaksymiec et al., 1994), 53] £<F pHel ]3] =

FE5 T g8 AgArES 294 ol & A of 3-& whedH(Parker ef al, 1988), ¥-& pHell 4=
7hdol wel AAE A4FE SHeHdEY F FE4 B F3AH TF5Y £F50] o8] A AWNA o] F=Fe]
L FEAYA MEHA] Zalr 2HE SA4E 7 7tas = ¥3(Harter, 1983), pHYL H&4E F4o
Aug, goFolut Ao #9149 A BaAtalA Ay i Nzl AR A s A Gelo
A HH 2 v AA =3 HoldsE £ WefAE 53]  (Edmeades et al., 1991; Wheeler et al., 1992). &3
317 ®cHLagerweff, 1971). My SAL g eg #agael oA (Wilkins,

2| 7}2] 15% o|Ate] ALOE & & E dFuFS 5 1978)2} A A7t 4(Macleod and Jackson, 1965)& %
Ao} aste]lAd Eokolae STl dol SAlo]l ¢l sl en, AlE Casl AAH R FoEgi, Mg
o}, AAMH] S o2 pHrE 5.50)3ke] Eodels A8 FF& 5 AdJdd F+E Asisted 2w (Wheeler et al.,
A9 o)l &Fs B AL AssA HrhReid et al,  1992), dFv]gel AT WA AEFTI FujoliM
1971; Lafever et al., 1977). 43015 Al ZAld) vzl cjefsiAl ub-g3lggchFoy et al, 1978; Baligar et al.,
£ BAZAE A2]A7le)b 7] 2o upel el & HolX] 1989).
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Days after treatment
Fig. 1. Accumulation of Al in the roots, stems
and leaves of M. suaveolens seedlings
treated with O(A, E), 30(B,F} and 100ppm
(C. G) Al and 100ppm Al+100ppm Ca(D,
H) by pH 4.2(A, B, C, D) and pH 6.5(E, F,
G, H).

AR F34% 54E A5y 972 H3ls
o] -8 A EAY F&ol & FH ofshe o) 3
o F(Bingham et al., 1980)el4] Cax A4 E<F2] pH
£ S7HA FF59 o]44 & 7A(John et al,
1972) A|Z ov, Cas=i Al & ot} Aol & 24t
(Alva et al., 1986). 317 ¥ 2} tj&o] 2= AepA
of g fFAle] mxARA EFHA Y N B3
o AEAE ol &= walel dFE 1 gitHWong
and Bradshaw, 1982). 341 &2 AefA7} st =
245 2G4 dAY A A& den2(z
743 Wi @, 1994; fhERE, 1996), B A EH 20|
g FA 5] A Lol g dFE FoT A T
4 alrh

ool 3t MefA A AHAER et HEHR
2] FAES AMERE B AAse) e 78 Bk

40] F3 Yt T FE pH 4.29) 652 A3}
e W FNF APV AEAW FF59 34
A% % 2R Q434 442 ARE BAsle B,
Ca® %uA2letdle o Ale] SHY3ol dhet A2
Wgel E4E Wl sk,

2. A8 %y

2.1 A2 820 FF4A=

294 FAAEY dF HEA2(Melilotus
suaveolens Ledeb.) £2}-5 19954 7-8Y¢ | F(k
ES, BRI AR A HF st 30C &7 eA
48417k ol Al A 27 18 cm, E°] 20 cm 3o 57
AY o] A sle] AR NA A7 A (Z W ] ] Fefo] =
=3:1)& A A3} A4 FE9} B57]+ 20,000
lux, W} 14/10 Aoz A w, S5 Al
v 77 25T e 70% 2 fA sl A 8L pH 4.
29} 6.52 FEg TA 4 Hoagland i}l g 3}pct
7 23] 100 mlY FF3tg . Al 257 A7
i g AEae] F4Eed AllALSO,)(NH,),SO,)E 30
2 100ppme| @5 32]2} 100ppm Al+100ppm Casl
2§ A2 g sl

2.2 A28 YN} FFEEH

AEFAE AAA4E 24T F DMSO(dimethyl
sulfoxide)j 2. 2 24§28 &R sl ArnonAlo
#413l9] Z(Arnon, 1949), %22 AHY AEA L= /)
WHF F-2ldle] YAFL 3T F 70T Az A
3UZF AxAA AFL SA 3l uv|m M. 2
%o F4o AP AR 1g2 ARse] IN
HNO;Z 3 %% 3% Jobin Yvon Emission (JY 38
plus) f=74 §&2l=7}HICP, induced coupled plas-
ma) 396.152nm A5 o]45led Al gakg 23 s8ly
ohfrRE, 1996).

2.3 TR AaaH FA e ¥4

Alxeglel] & HEAe THYAdL AT A
Fatda, Axnyd 49 AL ARG THE 10
mL vialel] Y3 30T 2082k A% F olAd
ACH,) 7t2F 10% §H 02 F9late] 1A1ZEt A
2]l A& 0.5 mLE 3 s}e] Porapak R Column
(182 cm X 0.32 cm)& ©]$3 Shimadzu 8A Gas
Chromatographel] 4| &% o]-23l 71&7]|(FDDe] 2|3l
#BUH Y ACH)FE Aeksle opAdATdAY S
A}-8-8} 9] tHPatterson et al., 1979).

3.4 3

3.1 5% A2 Fo AEAU Mol

pH 4.2 % 6.544 Al¥} Cad AL o 7z 713
W FF4 ko] £ Fig. 1949k 7). pH 4.29)
A Al 28 iz o, £7] ¢ Relo FF4
22 eke 7217 62.7, 22.1 H 172.4 pg/g dr.wt. o 37,
30ppmel| A = 72} 489.6, 896.1 ¥ 3668.9 pg/g dr.
wt., 100ppm 2] A& 77 707.5, 1079.3 2 4114,
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Table 1. Changes in height(cm, mean value+SD) and chlorophyll content(mg chl. g fr. wt. leaf !, mean
value+SD) in M. suaveolens seedlings treated with 30, 100ppm Al and 100ppm Al+100ppm
Ca on the 14th or 28th days after treatment

Height (cm. mean value:SD)

Treatment pH 4.2 pH 6.5
0 14th day 28th day 0 14th day 28th day
control 2.0:0.3 3.7:0.5 7.1:0.7 2.0:0.3 4.3:0.4 6.8:0.7
30ppm Al 2.0:0.3 3.2¢0.4 6.2¢0.6 2.0¢0.3 4.2+0.4 6.2+0.6
100ppm Al 2.0:0.3 3.0:0.3 4.5:0.5 2.0:0.3 3.9+0 .4 5.2¢0.5
100ppm Al+Ca 2.0:0.3 3.2:0.3 5.0¢0.5 2.0:0.3 3.7:0.3 5.1:0.5

Chlorophyll content(mg chl. ~ g fr. wt. leaf!. mean valuetSD)

Treatment pH 4.2 pH 6.5
0 14th day 28th day 0 14th day 28th day
control 1.10:0.:01 1.91:0.07 2.58+0.13 1.100.01 1.85+0.08 2.64+0.17
30ppm Al 1.10£0.01 1.90+0.10 2.1410.16 1.10:0.01 1.42+0.11 2.38+0.17
100ppm Al 1.10:0.01 1.72+£0.09 1.96+0.14 1.10:0.01 1.38+0.13 2.06:0.15
100ppm Al+Ca 1.10+£0.01 1.42+0.11 1.84:0.15 1.10:0.01 1.15+0.10 2.08:0.16

Table 2. Changes of fresh weight(mg/plant, mean value+SD) in organ of M. suaveolens seedlings treat-
ed with 30, 100ppm Al and 100ppm Al+100ppm Ca

100ppm Al +
Treatment control 30ppm Al 100ppm Al 100ppm Ca
0 14D 28D 14D 28D 14D 28D 14D 28D
pH 4.2
Leaf 11:0.9 36+£3.5 152¢12.4 26:2.8 9449 .5 25+3.0 63+6.5 31+3.4 81+8.5
stem 3:0.1 12+1.1 80:9.1 10£1.2 37+3.8 8:1.0 32+¢3.4 10£1.1 35:3.5
Root 5:0.2 13+1.1 28+3.1 7+0.7 21+2.0 6:0.8 17¢1.9 10£1.1 20:2.1
Nodule 1:0.1 2:0.1 6:0.3 1:0.1 310.2 1:0.1 1:0.1 1:0.1 2:0.2
pH 6.5
Leaf 11+0.9 32+¢3.3 147+15.1 29:2.7 78+¢8.0 24+2.2 61:6.0 26:£2.7 72:7.6
stem 3:0.1 12+1.1 53+5.4 12¢1.1 35¢3.4 9:0.9 3013.2 9:1.0 32t3.5
Root 5:0.2 14+1.2 2913.2 12+¢1.3 341+3.3 10+1.1 23+2.4 10:1.2 23+2.7
Nodule 1:0.1 2:0.2 6:0.7 2:0.1 4:0.3 2101 2:0.2 2:0.1 3:0.4
* D. days after treatment
1 pg/g drwt.gloed, §4¥ F2F4E dfEo] e 23 a7 vlsl ZHZ 86.8, 63.2 ¥ 69.5%%
o) 4= ech pH 6.5 M} Aol FAF A8 By %, pH 6.544 &= 2tz djx27-9) 91.6, 77.0 2 75.6%

o} pH 4.2¢) W8l 4 ¥& 35 24E Yoy
£, 100ppm Al Aej4 @, Z7] % Relle 7zt
1125.2, 1177.9 % 5820.5 pg/g dr.wt. g}
100ppm Al+100ppm Ca E-3§tA 2] Al pH 6.5 4
100ppm Ale] 542l uch F2EG ] ZHas o]
Hel 282 mol4) o, F7] W Wa)e) w02 77} 567.
6, 1657.1 2 3916.4 pg/g dr.wt.Z Cael Ale] §4%
ol A shsich. pH 4.2614] &= Casl Ale] F4F ol 4)3}A
2o zm AgAuelA ) FHgke) b Frlete A
3-& ehigich

3.2 4795 Al o7 AsAe]) AR

Al A2jol o7 H5xte]e] A A2 Table 1904
2= nle} 7ol Az 28U slol pH 4.2¢014 30 ¥
100ppm Al o5 2] %2} 100ppm Al+100ppm Ca #

Art. Cad Ald} FAld X2]3]-& o pH 4.2 & Al
=)o & A=Y ARl v 8=
21} pH 6.5 &= & 3ol & KHolR] gistr}. Alx e
oS g EAFere] Wls Ay Tl i ot 3}
25E RS Jelhvgles, 30, 100ppm Al %
100ppm Al+100ppm Ca 22| 28U sjo| pH 4.23 2]
Fol e 27t djxTe) 82,7, 75.8 ¥ 71.2%E, pH
6.5x 2] Fell A= 90.0, 78.0 & 77.6%E X Fct
ole} 2+ AHAstolA AlMe]d] W& JELFgF] i
7F ¥ A FEE gl e, Caxe]d o3l =4
2 Z7HHA] dskes o 5 et

Alxelel wE fA%5 74 7ldE Ak Wl
Table 2042} Ztc}. pH 4.20]4] 30, 100ppm AlA] &}
7 % 100ppm Al+100ppm Ca 2]l 2239
o) AAEke el 28U 2+t 27.9, 21.3, 17.1 2
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Table 3. Changes of F/C and T/R ratio on Al content and biomass of Melilotus suaveolens seedlings
treated with 30 and 100ppm Al and 100ppm Al+100ppm Ca

T/R ratio F/C ratio
Concentration Heavy metal Biomass Heavy metal Biomass
(ppm) Days after treatment
pH 4.2 14 28 14 28 14 28 14 28
control 1.11 1.74 3.30 5.10 0.63 1.21 1.41 1.35
30ppm Al 1.19 0.93 3.56 4.80 0.59 0.32 1.35 1.15
100ppm Al 1.21 1.08 4.01 4.66 0.48 0.36 1.48 1.03
100ppm Al+Ca 1.49 2.26 3.15 4.76 0.48 0.65 1.31 1.09
pH 6.5
control 0.83 0.81 11 4.55 0.48 0.34 1.16 1.17
30ppm Al 1.49 0.67 3.16 3.37 0.62 0.32 1.21 1.11
100ppm Al 0.74 0.78 2.66 3.61 0.27 0.41 1.09 1.08
100ppm Al+Ca 0.81 1.02 2.57 3.49 0.37 0.26 1.04 1.09
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Fig. 2. Changes of specific nitrogen fixation
activity(ARA; A, D), nodule fresh weight(B,
E) and total nitrogen fixation activity(TNA;
C, F) of M. suaveolens seedlings treated
with 30 and 100ppm Al and 100ppm Al+
100ppm Ca, respectively, by pH 4.2(A, B,
C) and pH 6.5(D, E, F).

19.3 mg/plante} ™, pH 6.54:& 7tz 29.3, 24.2,
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22.5 % 22.9 mg/plant$ ¥ 3¢} =dl, ofe}A] pH7}
33l AlEE7) SR 2 e Ao} Aas S o
T Ak Caxlele] o wejixel 322 pH 4.
2004 ki FA ebwdch ofe} & QA FS pH
4204 Ztzt 272 54.7, 43.7 % 49.6%Z, pH 6.
5ol = 53.4, 46.0 @ 51.1% % vjehlgl o, o)g}zt
< AE Fd Alsy=rt $713ta pHF HE4E A
Aol 7Ha7) =g sldm, caxlele] vl 10% W9
2 QA Fe] cha Frtetd&E & 5 sl

AlgAe 7b 7l AlE A ga) 2AFEel g’ s
¥-9 QA=ke] w)&(T/R ratio)s} #3473 2R v
34 7] #e] v]&(F/C ratio)} Table 3ol viehd vieh
Eigs ) ‘

AEate] FA &2 28R W AAdEe] v gL
el 2844 30, 100ppm Al ¥ 100ppm Al+
100ppm Cax|2] o4 pH 4.29] 7% z}7} 4.80, 4.
66 2 4.764 12, pH 6.59|4 zt7+ 4.55, 3.37, 3.61 %
3.493 o9, A=) 28UA #Ar|Be v $-2 pH 4.
29} 6.5¢4 2}z 1.03-1.359} 1.08-1.172 Ald &5
%7} 1% T/Re F/Cul7} zrasigel. 334
o A AR e] FHu]E-S e 28U A9 30,
100ppm Al ¥ 100ppm Al+100ppm Cax]g]e) A
pH 4.2¢] 7% 7z}z} 0.93, 1.08 ¥ 2.265]%]52, pH 6.
504 & ztzt 0.67, 0.78 2 1.028, F45 FE%He
A g HAu[go] S A G2 o] F-L Aty
. 53] FPA 7IF oo o] 52 Az 28U A pH 4.
204 30 2 100ppm Al Az T = z+zt 0.32 ¥
0.36 ©]%lx, 100ppm Al+100ppm Cax] 2] A+ O.
652 Z7}s]glov), pH 6.5¢4 & 0.2622 Ay 2
2] o5& ®AF At

3.3 dFulF Al o TFIFAL ALnA &4

Alxeld] o Agxe] FAES] A w|HA,
SH3 A% D AL AL Fig. 264 9} 2} A4
23 wv| &AL 30, 100ppm Al ¥ 100ppm Al+
100ppm Ca 2] 28d# pH 4.244] Ztz} 279
39.3, 35.2 ¥ 42.6%% 3, pH 8.5 = zz =7
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2] 59.9,52.2 ¥ 69.6% % pH7} 3&4-& Alxe]d o}
E A dA3td . CaxzlA]l 7.4-17.4%2 3
£ 2ok SRd A% Alxe] 2895 pH 4.2¢14
30, 100ppm Al ¥ 100ppm Al+100ppm Ca A&7
z4zt d 2] 42.2, 20.3 ¥ 37.5%% 1, pH 6.5¢]| X
= 4z g 2739 59.0, 37.7 9 45.9%% 100ppm Al
A4l pH 4.2¢14 ZH A A sA JAHU L,
Caste] E3Ae]lAl 27+ 30ppm Al4 2|2} f-ALgh
FTELE 385 Cadl 7t AlY] 5A%3} A8 B
of Fack %9 #4443y 4L FF4 A
7t F7veel wheb "R Ao]E R Al 284UA
pH 4.26A &= bzt dj=T79) 16.6, 7.2 ¥ 16.0%%] .,
pH 6544 = 27t B zF2] 354, 19.7 ¥ 31.9%%
vetle] $34 Az A FALTAF] Aae
pH7l F&+% AAstd 27 10% nlwte]ldd 1,
100ppm Al 2] ¥ Caste] B¢x 8] 30ppm Al$
£or HEsgct.

4.3

AlM o] g AdEgate] fAE 2 7Y 23S @
gL Aelwxe] F7}d vldsle Z71s%leq, pH 4.
20l 4] 30ppm Al M2] 28452 )=} HJuelx]e] F
% §e2 7z i 279 8uRel 21w, 100ppm Al A
g Al bzt gize) 11wis} 24uigl oy, 100ppm
Al+100ppm Ca 8] A+ Zhzt o272 39u)s} 364
%ich. ¥, pH 6.594 30ppm Al A F= 22t gz
T2} 249} 20, 100ppm AlE z}z} jz7-9] 359
24v%i 2., 100ppm Cag B3 3¢+ 77 o
2732 18uvfe} 166} 2 }eld(Fig. 1), Cas} pH 6.50)
A Alg] F45 JAIstgd 2, pH 4.2004 & Ale] &
79} o] 5& A A} Al ojolen HAHOS ¥
x| =d|(Asp et al., 1988), ¢F7F FA-L AANE
dl 283 Ca®| & pHell wie} chan], 533 53
ol el Afo]F R cHAlva et al, 1986). =
AEAe] FA 52 Pbel vla] Ale] A F45 1 Ao
He Aoz Jehgdoh gk, 1996).

H 4.2¢14 Ca#7}A] AR o] ohi 2259 &
(Table 1), Ale] QA3 8= pHel dAH 3 Hdo] gtz
£ 4= g)lchH(Parker et al., 1988). ¢ Z4-gako] Wsj=
A9 A tlEe] Frlsle] o), pH 4.2¢04 Al
AYA GEaFF] 74t A3z, Caste B
A Ael= F718HA] ehskrHTable 1). o] CdAe] A
20-30%° JE2FHF Fi2E B As} FAgd
(Bazzaz and Govindjee, 1974), Wheeler $-(1992)&
Alo] ofo] &3} A sl AL A9 Mgel Cag A4
A x Podl, & Aoy Caxa)z E 4] 7t
2% 23 At Ao gaake] Wste pH 4.24)
4} 30, 100ppm Al % 100ppm Al+100ppm Ca ]2
T A 28UA ZHzt 2] 54.7, 43.7 2 49.6%
€ e, pH 6.5 ol 7hd djz 79 534,
46.0 B 51.1% %, pH 4.2¢)| 4] A A|gko] t} 4 7HA 3}y
tHTable 2). YA 714 AlEA(Macleod and
Jacson, 1965), AlAlo] & #13F Ca?] A g 93 A3}
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2o vHTan et al, 1992), Cazxlg)d] ule} AEx 2]
AAgo] tha F7F o2 A EAA Caxle] A
AireFe] 15-20% 7=t Al §alalgdcd
(Bekker et al., 1994).

AFAe] F289 xstied g AL vlge
BA 7| He] AAEFA o PRz 6] L TS By
3, Al B3 %7t $7184% T/RA} F/CH = 7H4 sty
o AE A FF4 $43e] T/RulE 30ppm Al 2
Al 2A Fastgx, 100ppm A Ale o F7HEA
th. pH 6.5°04 JEA 7|2 FF<4 HAHu)E-L Aly
=9 Zrbef e}l ZF4dtgm, Cad) FA A el o s
A Z7}8t%d ch(Table 3).

At AL 30, 100ppm Al ¥ 100ppm Al+
100ppm Caxjg] 284 pH 4.2¢|4 ztzt djze)
39.3, 35.2 % 42.6%% 1, pH 6.50| = 242 =7
9] 59.9, 52.2 2 69.6% % pH7} 3248 Alxjeld u}
€ A9 dA-E o] dAstg 2, CarElg A8 84
2] 3 &2 30ppm Alel| 9] 2-& &3} 3}l cHFig. 2).
ol CaZfloz s ALnd Aol AL o
Fol2}x AtE ¥ cHBekker et al., 1994). &3 A akol)
el pH 4.20014 9] 7t 22 7= Q=T v]3) 16.6,
7.2 % 16.0%%9 3, pH 6.5 & 7tz 354, 19.7 2
31.9%2 AlMz|F5Xr} Frlstz pH7l 3842 94
HAa, CaxaAl 2FHA 9 38 pHI Y&42
25U THE 22504 PYAHDT TR W
23 U3 F-2 7= =l(Rao, 1977), Al 272
ZAH9E A2AA THFIAML oA sty =di(Kaser
et al., 1975; Carvalho et al., 1982), o]9} 72+-& ZAst
£ Al S4o] <4tz pHE Z7HA7]e Cadelz Al
Aol AAsIgche Wood 5(1984)9) 39} ¥3s
Aot AlAEE QF AL v Fas A4AwA v
4o 7ol THYA QAE Yoz, pHA} 3
S5 dAst dxF2 10% vigte)gin}. o] Alx
o @& AxwA uBA e Fae 2FHAHY oA
2 A3 F AL go] 4P 7= Ao A}
R0
53 2

Eo}e] pHYH 3 9} 425 A2lo) 8 AFAle] &
Al g AAurs, AZAW AIEA A4aA FA e
Z4 9 Caslo] Bgajglz 3 YAu$-L wlwzA}
stslch. AZ AW AlgEe HelyEr)t Frbstn pH7L
$&5 8 F713lo] pH 4.2¢4 30ppm AlMe] 28U A
2] Y3} Relo) FI& Fepe bz gz 8ulel
21819 32, 100ppm Alx 2] Al 7zt 229 11u)9}
24v] 8 Z-Hzfo] Zr15l9l 1, CaxelA] pH 6.54 =
AR A4 F vy}

AR Wt Al 23 Er) 271842 A g
A3, pH 4.204 Cai7}A AAAA e} cha 2alge
24 Alell 213 AR 2= pHeF 2A Y FAA o) gl
oA=L Wt FAEY AT B 25
gl o}, pH 4.2004 FFEAEA 248 7

27k QAT AR WEe AN FEs} 27
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33 pH7} &4 dAE A2 E 293, 100ppm
Ca®] =§3]2]4 100ppm Alx)2)dl]| 84 5.1-5.9% =
7+ Vbl

AlME]d wE ZF AxzH vPA-& 100ppm
Alxg] 2897 pH 4.29} 6.50)|4 7ztz} gi=39) 35.
2%9} 52.2%% 1, 100ppm Al+100ppm Ca¥ ztz}t
272 42.63 69.9%%] 2.0, n}e}A] pHY} F&42
Ale] AAI7F At SHFFAARE AlMe]FEr)
Z7k5ta pHY G&E A= od, FALwA e
< EH3 A9 JAZ <8l pH 4.2¢4 100ppm # 2]
Al =T 10% ® gkl E3}slelc}. ey Alg Ca
2| B Aot pHE A3 o2 S/FIANTL 3
EE gt

ZHALe] F
o] dF+ 1997d % ALY 7| 2FHEA A7
(BSRI-97-4404)2] x|l Y& == gH)

T2 EH

27, AL, 1994, AAl FU7]E M AeA
g7t D, B4 3Ad = ¥ 3A, p 51-
118.

fhEE, 1996, BB 2 ¥ AFae]e R
WS RREE Bt F/Ew, BIOPR HH8
fizwsC, 191pp.
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