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Abstract

BACKGROUND: Recent studies for heavy metal
stabilization in soil were mainly focused on finding out new
materials and its efficiency. But, such a stabilization
method can cause disturbance to soil, leading improper
environment for agriculture. The object of this study was to
demonstrate the effect of the incorporation of green manure
crops on heavy metal-contaminated soil.

METHODS AND RESULTS: Soil contaminated with
heavy metals was collected from the agricultural soils
affected by the abandoned mine. Lime stone was selected
and treated to contaminated soil. Three kinds of legume
green manure crops; Alfalfa (Medicago sativa), Hairy vetch
(Vicia villosa), Red clover (Trifolium pratense) were
subsequently cultivated in greenhouse condition. It was
found that lime stone increased soil pH and decreased the
amount of heavy metal absorption by green manure. The
application of green manure residues on soil increased soil
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pH and inorganic nitrogen.

CONCLUSION: The C/N ratio of three green manures was
low, indicating fast decomposition rate, resulting in
nitrogen supplement, consequently. Considering the point
that the soil was used for agricultural purpose, it was
recommended that hairy vetch and red clover were
preferred. Nevertheless, the heavy metal availability was
also increased. Thus, it seemed that further study was
needed to confirm that how long maintain a phenomenon.

Key words: Heavy metals, Legume green manure, Soil
disturbance, Stabilization
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g AP AYTHKIm et al, 2010; Oh et al, 2011; Kim
et al, 2012). w5 I3 TS thFS 7 S
£ EYel Tt EF U 559 olsAS ARAITL
2A EF U a5 T gl Aol glov AEA Y=
o] FHE oS U ATNE FHoR, 999 Byt He A
ool Agtstr] n]&¥} a& SHelA ulg- arHolet &
AtHHong et al, 2007). 1Hol|= B8k QHFg3l T
B 270l veFst sekg-& oprlste] EF el et
5 do7|n Eok HS T2 Aaia)A A5 Q83 AR
Aakef] oF &L JdS vE 4= QItiHill and James, 1995;
Pitman, 1995). ojglgh FAA A 282 oHHs A
T WRto® HuH|FE) %%% = T Utk
w02 B AR T TR EE AREE
Agolt}, ofy] FHe %ﬁ]é‘%—c—g T 5% W] & A4E
sk sEo] el dEA Qe T SHjRES
spsh| = Al A7 9 532 e A A 9] okt =8l &
Q3 9gkg = A o7 UHA K Yasue, 1991; Jeon ef
al, 2011a). o131 A& Ao 2J3hd, Jeon 5(2011a)
HEZZR Y oA E 3t A A4E St E%U
o]g]_g]l—/ké 7H/\ijv/]. bﬂ Ag)\]_ak 57]_01] O:h‘ﬂ:_o_ U]i]l‘f ;ﬂ—% §‘J_|—<31
SIOILE B3t Lee 5(2011) AHEZFZHL dloje]u=] 9]
Aol 1w T8-S Fate] Fxo WS HAAT)AL
I AArEEe] S71E Bardk vl Qltk Jeon 5(2011b)S &
YHXE o] &3 ATE Fatol B =TS hdste] ¥
Al *1 & ok 7k S #9189 a1, Kim 5(2011)< &9
& 5 SHTE A A8t AlblES 50%
AYEE F9 S5 T UETEs Bl &
t}h T3 Lee 54(2005) 3ol
st a4 gEhnse] oA
7}?*34 A O] BFRA A E TS ER18ISI) o]
A HuA=e] Apiel 25 o] &3 IS FhEA|olitnt
ofel BEF Eelds /A, Bk A WA, AA8E A%t
7 f71E e 59 ol At A% 202 et Lee
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et al, 2005; Lee et al, 2011; Lim et al, 2012).
2E9H i](Phytostabilization)fﬂ’ 2] éﬁ}‘ﬂ“ﬂ (Phytore

mediation)®] SRR A& o]gsto] oAl edEd

o] A& fra%(Bioavailability) & A7+ Al7]:= Wi o] th(Salt

et al, 1998). % 29 FAA A 24 o]F =n|ZE9)

gL B ) FE FTEHS HAE Al F5 3 14
gozn EFBelNY ANH Fa% A AR
7 AEHom B AN WNE sREY FI5
FAY A4S 710 5 9ok el B7eka obgriA
SAEE F54 2 woskn 2 T8 e A
A 719 @RS Aolrt,

wga] 2 01-?— 3}eHA o3l Ae] F5E 29 Eok

o] Ag0] £} sl VAL F} 1
eyl

A 73} =2k
AL 7Fs7de st flsto]
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=

SAAE A QS|

A AR ERS AEE wEkt WA
of YT W Eekow T FAHJAY] FFE wol v
7VEE, W, ofdoR e9dd otk AFT Bk T4
2 mm AZ Ay Aol AHgsgler Eoke 7| &
% 525 Table 1°] Hepigleh SAIEXS] pHZF AMIY
A& 1#ste] 4354 (Lime stone, Junsei Chemical,
Tokyo, Japan, 98%+)< H¢& st HYshAl= Ak
o MM ALE - EoF HstE BAoR AAhusHo] ¢
T T SRS o gBiloH e (ko] vluE et
I 3H Medicago sativa), B|===0(Trifolium pratense),
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Table 1. Selected chemical properties and heavy metals
concentration of experimental soil

Parameters Unit Bonghwa Warning” Countermeasurey
pH 5.96
ECx ds/m  0.27
OoMv % 1.42

T-NY % 0.18
As"  mg/kg 2002 25 75
Cd mg/kg 6.6 4 12
Cu mg/kg  89.0 150 450
Pb mg/kg 1879.3 200 600
Zn mg/kg 7823 300 900

“Warning level in the Korean soil regulation for Area I;
Yeontermeasure level in the Korean soil regulation for
Area I; electrical conductivity; Worganic matter; ‘total
nitrogen; “total concentration of trace elements extracted
using aqua regia solution

HMe|7t AX| A =H|EE Y
=)o) AWE 918k0] 200 mm x 150 mm x 100
mm ﬁLﬁ«] polyethylene boxE 77l &1]ste] sh-h= Tz
TE ARSI e 1 F 37l AEAE 2% AEd B
FS 7 5 kg A WoH YA 3l SAIESTHS
goltk 15 119 aging % tix7= #8]gt 6 Jlell= o
el 2E T2 FAESEH 4314 At 42 A9k 1)
Zatglom 1 o HRoA AT Bape] T V)
T2 WEoH(1 ha T &2} 25 kg, Bl=E%H 25 kg, 3l
ofglulx] 60 kg). Z=2] A= frElAdodA 19 53k %
=T} A7t 3§ EE]O*O v 7} sHlAes A Tt

of AFFS ZHT § ALRMA FIE F5F BAL 9

oS ARE A ;f— wﬂx = 4% 2 mm olaz A
sto] Bk 3% 4
°m 1 aging 5_7{18 Aul Al Z\—Zﬂjq' O LClie

O
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o] EFANRE HH] T4 AF
19 5 74 F 33 A8tk
2 mm AE A Ao AR
Stk B4k pHS} 7| =% (Electrical conductivity,
BEO)E $75E 15 &R 3 ARk wksh $ 463t
(Thermo Orion 920A). E%F W #7]&<] 3> Walkely-
Black H(Nelson and Sommers, 1996)°. %, & A4+ &
HaePlad BEY 9 AEA NS wEtHNIAST,
2000). B¢ Tu4 T e S| HdE 4 (Aqua
regia)E °]&dto] FAALEE ARl & 1 o T T ¢
#& Inductively Coupled Plasma - Optical Emission
Spectrometer(730 Series, Agilent)® Z743I9itE B &
o] WskE gelsh] flstel B9 pH, A7IKEE, F71H
A2(NHS+NO+NOy), 555 Aefass S48tk
Bkl F7IH Aas B vl WskE elab] 9
g s ]ed Eok 2 AEA EATH(NIAST, 2000)
n B, B T4 Aerass A48 flst
o] Mehlich-3 J&W S ol8alSith. B 2 g& 20 mL &
g 89(pH 2.3, 0.2 M CH;COOH + 0.25 M NHNO; +
0.015 M NH4F + 0.13 M HNOs + 0.001 M EDTA)°.%
5%t WRFSE §- Whatman No.42(pore size 2.5um) ¢}
A2 A o Ul F94%< Inductively Coupled Plasma
- Optical Emission Spectrometer(730 Series, Agilent)=
=731 tHMehlich, 1984). &gt 2 EA)9] & A Ax(Total
nitrogen, T-N)9} & §ix(Total carbon, T-C)= a4
7|(Flash EA 1112 Series, CE Instruments)Z ©]-g3to] 7
Fegieh A4 Ul 5% 55 S4s7] fldto] 2kt
WIslraE oldel B FaV|E Bae & o T T
%2 Inductively Coupled Plasma - Mass Spectrometer
(Agilent 7700x, Agilent)® 7333tk B} AEA| 5
w45 A AgwE ASE] Slste] BFAE(heavy
metals in a light sandy soil BCR No 142, White clover
BCR No 402)% ©]-g-3t3ich

B3| Skt =X

= o
SHIAHES] Be] d3i(Rootage) s8> AlEe dgst 4=}
gl ATt op R} BEQFe] =El% oMyl Sl vk T2

Sith wbA 2 Aol ARE 3 FE] HH] AExke] 2]
A5 Al B 3 5ES vlwsl] 28k 20% Hoagland's
solutiong ©]-&3+ AAAN(Sand culture) A¥S 38}
% tHHoagland and Arnon, 1950). A& 70 mm, °] 50
mm?| polyethylene box°ll sea sand(Junsei Chemical,
Tokyo, Japan, 15-20 mesh) 150 g ¥l SA-& 1071 A
gFaalen g A= @ 15719] boxE FHISHIATHE 3671
9 box). THTE ¥ 9 20T AL WY |(Low
temperature incubator)el4] WolA|Zl & wljFAE A 4
F2F Akl o, 140 + 5 pumol/m’/s' FE9} F7H164)

7k 24 + 1C), olzH8AIZE 18 + 17C) 9] B57] Amjz=el
A A EGIEE A 1 2F AES 3, O FE 15Y 1
o7 8t 70 2= o 3 box A FASZ AEsie] HA]o
ARESIGITE gk Ao Bt A7 (Root elongation)
o Frretglort seet AuAle el SRR At
I 2HE olgste] FYPsE T ojux] 4 ZE I
(WinRhizo 5.0a, Regent, Canada)®.% ] Hol& =74
Stk 7t 22 Hele] Lol shlel wTolN 10 AAE

o) o) F dole] goz U

A EYR| S

= ARde] AR e VI skt 543 45 F
%2 Table 12 YERGItE AARE Sl AHS
T4 QAEYS pH} 6,012 IS Witk {758
I F Aat 217 1.42%8)F 0.18%2 UERITE E2] va
o} TEHY T IS EYIARAN 4 B U 29Ed
o7l g gAY Hlws] B o, B2 (As), THEE

(Cd), ®(Pb), oFA(Zn)ell thal B5F $-2171%(As, 25; Cd,
4; Pb, 200; Zn, 300 mg/kg)< Z¥8ISlom, 53] Ass}
Pb- th2)7]5(As, 75; Pb, 600 mg/kg)7HA 23810 F
ol oJgk B 29do] v Az Ao vehsith Al
AREEE BEgo] FAAR AREEHO LA QoA AEE FF
LI I s e e A b e =i B 1 oy R B
o] A3 Aoz e

=H|ZES| ME3E o I3

A T24%5 29 BEY Ao AdE= FE55 <
B9 ekgsiAlE Ae u, B 73
o] E¢ pH Aol e T55 HystE
g stAIQl M3 2%= AHEleta 3 FH HH|RE A
o AE 477 Witk Alnl Ay} A354E P siA R
Aol W 3 F59) FulEEelA] B 1 AT &
7FlSitKTable 2). Pt Azlol] w& A5 T7h= A
3|4 FAE T b P EEEWTE 143%% 7HE A UER
o FojE M| =](126%), LZ3K104%) =o]Ack T3 43
A& Aside vl B2 pH: 82 %7513 3(Table 3),
3% 12 2ol As, Cd, Pb, Zn9 F5ake B
23l Table 2). 413]41] =8 AJ#2] Ca> pH 7-9 X
A AsE HYslehs Aoz 44 QlthSadiq, 1997).
ujehr] A34S A u) pH7F o102 F7lEke] Caol
O3t As9] FAEE7} AAastal o) whet n) o] F4ek
T 4% Aoz ddeth Cd, Pb, Zny} 2 ol 24 F
T4 B pHYE SVl whek BEoFqiAtellA Yo i
o] Aol Farste] EQF dlelAe] olgAdT FaEEst 7
Adl= Aoz dHA IHKim et al, 2009; Lee et al,
2009; Kim ef al, 2010). WetA] 21314 Az 27k EoF
pHell o8 5420 farl 1hasto] 3572 SujzEs
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Table 2. Fresh weight and chemical properties of green manures
Fresh weight Total N Total C C/N= Asy Cd Cu Pb Zn
g % % mg/kg mg/kg mg/kg mg/kg mg/kg
Control 13.5 2.28 0.99 123 38.7 106.3
Alfalfa 5.00 44.59 8.9
Lime 14.0 1.45 N.Dx 33.6 10.0 50.9
i Control 22.6 1.88 N.D. 9.7 27.5 181.2
Hairy 423 4408 104
vetch Lime 28.4 091 N.D. 9.5 39 70.3
Red Control 12.9 2.50 N.D. 11.0 444 137.8
477 45.05 9.4
clover  Lime 18.5 1.43 N.D. 14.0 10.3 51.3

“Total carbon/total nitrogen ratio; Ytrace element concentration in green manures based on dry weight; *not detected

Table 3. Changes in chemical properties and extractable trace elements concentration from soil before seeding (0 week),
after cultivation of green manures (4 weeks), and after green manures return to soil (8 weeks)

pH EC? NinY Asx Cd Cu Pb Zn
ds/m mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
0 week 6.01 0.33 79.2 5.50 0.26 6.67 322 15.5
Control 4 weeks 5.83 0.58 90.2 5.53 0.24 6.36 305 14.2
8 weeks 6.30 0.22 82.3 5.23 0.23 6.51 307 13.7
No plant
0 week 8.32 0.35 75.6 3.70 0.18 4.96 255 9.3
Lime 4 weeks 8.00 0.63 86.7 3.80 0.19 5.54 257 10.0
8 weeks 8.26 0.35 55.9 3.82 0.17 5.23 252 9.0
0 week 5.76 0.40 93.7 4.37 0.24 5.73 302 13.9
Control 4 weeks 5.89 0.31 22.8 4.40 0.24 6.63 314 14.8
8 weeks 7.33 0.20 222 5.72 0.35 9.68 319 14.4
Alfalfa
0 week 8.26 041 61.3 3.54 0.18 4.92 254 9.9
Lime 4 weeks 8.19 0.28 21.0 3.85 0.16 4.64 238 8.3
8 weeks 8.25 0.24 26.9 5.32 0.30 9.86 272 12.5
0 week 5.75 0.39 63.6 4.16 0.27 6.13 319 15.6
Control 4 weeks 5.92 0.29 12.8 442 0.24 6.18 312 14.4
Hairy 8 weeks 7.88 0.13 15.6 8.05 0.32 4.93 321 16.3
vetch 0 week 8.26 0.38 62.8 3.27 0.18 4.81 251 9.5
Lime 4 weeks 8.26 0.34 12.7 3.56 0.18 4.96 250 9.1
8 weeks 8.33 0.20 16.4 6.66 0.35 10.30 319 15.6
0 week 5.79 0.39 90.6 413 0.25 5.92 310 14.7
Control 4 weeks 5.71 0.31 5.7 4.02 0.24 6.06 307 14.1
Red 8 weeks 7.98 0.13 23.1 7.48 0.33 4.62 293 16.4
clover 0 week 8.19 041 70.5 3.00 0.17 4.54 242 8.8
Lime 4 weeks 8.14 0.28 10.7 3.40 0.16 4.62 240 8.4
8 weeks 8.40 0.16 15.1 6.26 0.32 9.24 304 14.0
“Electrical conductivity; Yinorganic nitrogen; XMehlich-3extractable concentrations
o Aol agh Ao ddkeEvy AFe] Sl wE & Aol W Assh Yol THE T A de A
o2l 514 g ¥K(Dilution effects)® T a2 FE7F @A 2 AsE AP OZHN SH|FE] A TS 5
Uehd 7FeAE gleU(Jarrell and Beverly, 1981), = A AZ Ao ®alt
Folld vERd Bl S7F Ael7h A4 o e e 3 TR T muAE AW T Aadt F wal
w B FARe )9 e 0w e webd AE 2 RS A3 42 F7lel) Sld 2ol I3tk Table 2)
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C/NE&Z Fojgulx|(104)7F 7H =9kom, dEa=n
(9.4), &=3K8.9) +AGtE 53] dofEMxe] C/N&2
Jeon 5(2011a)2] A7ellA ARGE slofe]H|x]e] C/N&<I
1017} "S- Akl VERs ) s 2HEe] allel 1of w)
B Ano) WS 28R AsdE C/NEI} UHs &
o] 9lom C/NEO| Holdis HH|ZHES A4 1
57t o= Ao Z 4R lthSeo et al, 1998). 3l
R e] C/NEo] 7H ot AA9 HEEEs v 45
sl vlal] W& ¢ QAW 1 JEe Apo)7p A4 okl S
EoFol Frle) AAe f718EE C/NEQI 25K = vl¢-
22 Fxo]tiAllsion, 1966). Wb Al T/ HH|2HE
B Eokof E8I9S u Wl 271%E Aavt e A
=

),

o

o

=H| 2o mE EY £Y Il

0] Al A0 week) ¥} 1] Al FE - B
3% F=07 FA35la1(4 weeks), T 457 (8 weeks)°ll
EF glee] vigE RISkt Table 3). 1 oW 2=
Al e} ghel B EA] B2 thET+(No plant) 2] 7% EU¢2]
pHE A34E Aelsigls v S7lekalom 857F Avke
pH Asadh= A&5HAY. B4 EC, F7IHdAg] 3=
off 2% Wgh= Sl9 oy IAA = ko, BoF T4
AE FEEE 21517] 918 Mehlich-3 3E A7 94 5
w5 Frakl & ¥shke YA o ZloE veh dix
7] A3 w]Folrot 8577k el ks i Qlle
AE o7 et

s}, Fojgul], dEEFEHE L9EWH Control)ell
ghelshal 457719 aging A¥ =S| pHZF B Aol
S7Felivh &g}, sojeulA], =2z 79 242} 5.89,
5.92, 5.71°14] 7.33, 7.88, 7.98% T7h. eI EgelA
71=9 =HEEY] #ee, #715°l2(Organic anions)s
715kt B U H'E Al7lsto] Az os E9ke] pH
= /PR AoR wdkEthHelyar, 1976; Kim et al,
2014). X342 EoKLime)ollHE 1] g Al Bk
pH7F S7kelol ot 7] EQke] pH7} ot 1 s e
mmaRlth

477 &) FlojR|WX|, M= EHE Alshs
A ESF F7IEE AT g 248Gt Table 3). 4314 &
AT 7o &), dofeulA], degzH ATt
A T2 Al A0 week) 3t tiulste] Aul $(4
weeks) ol ZF7} 76%, 80%, 94% FAatsich olefgt e
sH]2kEo] el dask A4 BEE Fal Srdtdlel
71Q1gk 1o Ko, Seo 5(2000) % @llofHIAIE Al
of wt B ) NOs-N7F #4dhs 2ls g1kl

W 515 B9k dhskal 47710 agingo] TR
< W8 weeks)oll= &Fuke] M A |, d|ojg]HA] <}
g EFEm e X34 FAETeL ATl FrIHEATt
<7kt Table 3). F71EjdAe] Tl d=g=zm7t
SH A4 weeks)tiR] S7FFo] 7P Zlom (A 5]4 A

T, 75%), ST HIAI(A 3 FA 2, 19%) e LEIHA 3]
AR, 22%)= FARE S7FE UERGE ozl o%t
F71Ed 48] F7)8F 282 C/NEo] W 3925 olshell
wEA APE7] WiEel, C/NE&o] @& Al £/ 73 =
HZ-E(8.9-10.4)0] ESF 84 5 njEe] g3) £alHo] B
& F7IEA AL TS SV Ao R Bt Lee ef al,
2011; Lee et al, 2012). 73 =H]AHES] AA Fagdte]
2kste] mH|AES Austal SHIAIF o2 SR AR
e =olaAl sk A7) o8 JE It Lim 5(2012)
o Felel] SofelulA] st s Bl vl Al
oot A4 FEHEE FHAAT Kim 5(2011)2 2 Afwl
Al dojgHAE ghTe RN B FEFE SUAHeH
Seo and Lee(2003)2 dofgHAE Tt 459 4
A F7HE SRISIGITE T3 Lee 5(2011)9] <tollA
glojelul x| gl AHEFEHE o] &ato]l T kel THA
P mRITE Bart Qigleh ol ARE FRteEE
dg}, Fojeux], JEEEH BT EY AL 39S 5
1S5 STHaYE 7dE F e dex Ay, 3%
w =uUEkE Qs A HA A 2 skl zde] of
A77E Fod Zow bt

EFolM A& ot s A4s 8l 7I'EE Mehlich-3
AE IS 2o EY Fu59 A= FEE A% o]
£5]31 glom(Mehlich, 1984; Zhang et al, 2012; Kim et
al, 2014), SH1A=2] A, o] WE FuE Fasl
W3S Table 3o WebiSich 1 A3, =012 A0
week - 4 weeks)7} B 249 Fake nR= G
of 2+=9] A7} o] Fo| A #] k2 thZ7{(No plant) %
o7 - wujgk Ao w vt T 51| s del
311l aging &5 Al(4 weeks - 8 weeks)olli= 4384 Az
el Zdgle] tiie] Fud fravrt Skt B9
oA TaEl Fass Aeold 542 B4 pH,
7w, AE 3 ol dal AR s w=THLee et
al, 2011). ¥ Aol FuFES Ekow Sl
aging®l wet F012HEe] A ALY fr]E0] EElE A
A4 {71 Ee 8314 f7]8(Dissolved organic
carbon, DOC)Z #3l¥]o] DOC7} F7FetAl dth 57kt
DOC= sa57 A4 Adste] &4l es T2
2A EY YellX 559 Fa5E T7H171M, 53] Assl
Cu’} DOCell g&= & e 2o defd AthKim ef
al, 2012; Koo et al, 2012; Wang and Mulligan, 2009).
Cde] ¢ EYelA F7]12 = (Inorganic ligands) =
§Ef71%E(Dissolved organic matter, DOM) 7} 2313 ]
F31ido] 57181 B riSmolders and Mertens, 1995).
715 Bl e 5 AR VM A3l FA4
g ET A grella o A Yepth dRbA o 8ER7]
B B 47128 B pHYF 2718 ) £ Apa dale
At F7157 ESnd Atold] wpgor 7 F%vt 57t
SHKim ef al, 2010). WA pH7F 52 41314 A2]tl
A frast SRR B 71 FEI7F ot iAo w

O

jus)
o, roh

b b
B oy
.

b

1)
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F3% GEE PP ekt 2oz et 2 Ay
o] mmatEe] £olow Qd kel fEE 27V A
Agz8) Aol F7pI7IA et F7HIQ 1% 4
olefat o] ANZ el ohym A%Ael AAE

4
A33b7] 918 71 mUEE 7t Bed) el

=H|XF=Z0| Xx7| tdg| &t

ioﬂEokJ iﬂ 1_%[_ );}%
Astelli= A=9 27] He g=
5o AR B 7 el B4 5EL wish] g3kl A
AE BT W) AR AP FASTFig ). Hol 15
A A 3 BRO| wlAEe Wl AL HlEE FEO
2 Uepskon, 2F A EE slojgA| o] e Aol §4
o1 749 379 47 AN 2 ol7) Astort 3
éT'-_o] i;{].‘: ol-ol-o\:q 1:1‘: xl‘:'oﬂ/q Ag;é}o] oJ-;gU]oﬂ
HOESIL AF F A dlofelA ) e o] o 2
Wl ol o Sl tehdeh. Ausow A%l el g
%7I(Lag phase), th5527](Exponential phase), 413
S2(Linear phase), ¢M37](Stationary phase)s 7XA|+=
AlTZR0]E 4(Sigmoid curve) FEHE WEE Zlow o
HA 9 ©™(Erickson, 1976; Shen and Galston, 1985;
Silk, 2002; Yin et al, 2003), & A 3ol AHE-E 3 FHe =
H] 22 2] B AT sigmoid curves WEE 31S gR1g
T QAT ol - A= dest g ASE flEiAE
ej(AeHh e 271 st ZFo] g 200}71 o]
(Koo et al, 2011; Kim et al, 2012; Koo et al, 2013), 3
T RS T dlolemixe] A BEok oHYs &
W7} 7P Hold ZAoE ey, FF A o EG Y

2 olg3te] wape] B4 g
2 5eo] vj$ Fo3n, 3 %

59 Al Z8AI(Rhizosphere) &g 1S 91t A7t &
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4 weeks in sand culture using 20% Hoagland’s solution.
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