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ABSTRACT

Various types of organic materials could affect differently immobilization of cadmium (Cd) and its uptake by
plant grown in soil. Therefore, this study was conducted to evaluate effect of different organic materials in
reducing Cd phytoextractability in contaminated arable soil. To do this, rice straw and composted manure were
selected as organic materials and applied at the rate of 0, 15, 30, and 45 Mg ha” in Cd contaminated arable soil
with 6.5 mg kg of total Cd. Radish (Raphanus sativa L.) was seeded and grown for 50 days to evaluate Cd
phytoavailability with different organic materials. Composted manure was more effective to decrease 1 M
NH4OAc extractable Cd concentration and increase pH of soil than rice straw. One M NH4OAc extractable Cd
concentration significantly decreased with increasing application rate of composted manure. Tendency of Cd
uptake by radish plant with application of different organic materials was similar to that of 1 M NH4OAc
extractable Cd concentration and soil pH. Changes of soil pH with application of straw and composted might be
one of factors to determine extractability and phytoavailability of Cd in this study. Radish yield significantly
increased with up to 45 Mg ha™ of composted manure application but did not with straw application. In the view
point of Cd phytoextractability and plant productivity, it is recommended to apply composted manure rather than
straw in Cd contaminated arable soil.
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Cadmium uptake by radish plant grown in soil amended with different rate of straw and
composting manure at harvest time.

Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any

© The Korean Society of Soil Science and Fertilizer. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-
BY NC

medium, provided the original work is properly cited.



Evaluation of Different Organic Materials in Reducing Cadmium Phytoavailability of Radish Grown in Contaminated Soil ¢ 13

Introduction

7F=% (Cd) o= @ FH At B 2 5732 EFlA Cde F-52M A EYS Z5h= ofe] d7-50] ol FolA
om, s A= A=EoH, 2814, slobdor thtoll A-7F 8% 3L It} (Anderson and siman, 1991;
Angelova et al., 2004; Fissler et al., 2010; Kreutzer, 1995; Gray et al., 1999; Marchiol et al., 2007; Neugschwandtner
et al., 2008; Srivastava et al., 2014; Vamerali et al., 2014). @474 Cd F-55] T3t A= AP sligre.
U, 2 7o) 9% 28442 = ot Aol Cdt 22 S5l ol s Rt s A= FE AR B F
AR F=21ofl YAISkAL Qlo] EA7HA 0] Wil /e /gt A3 it do] mif-¢- ot Hd2 915l A4 Bl ol =
SRe] T asit

H

4712 A= 22 0] A8 0 AR Ba s GPIES Tk Qo] T 53] A8 glo 71zo] 4
AT eI 7| ol ST 40K LIRS B A B, A el R A
o ek Webd 7188 Felsl] cag ST d7Ee] wol BuElrt (Beesley et al., 2010;

Bolan et al., 2003b; Brown et al., 1998; Koo and Chung, 2005; Liu et al., 2009). ZL2{L} 0] 0] A-5ofA] Hale
Hio| =¥ G724 0] SRol et Cde& F-53A7 1= a7 T 2 0 & AR B2 AtollA] Hiol @&
T, AZEH], 74, vio] @2} 5o FrlEAAel ofal B Ul Cdo] 8548 2 AlEel8A4do] A4 LE}J— Haret
(Beesley et al., 2010; Bolan et al., 2003a; Brown et al., 1998; Liu et al., 2009) FHHo]| dF A|A|+=5l&2] %] <]
A2lof olsf| CdQ] AlEol-840] 57132 ™ (Merrington and Madden, 2000) -S-2EH]of| oJajiA= 1] Cd S
A7t A B 4= Ikl B 75kt (Kashem and Singh, 2001).
ool ARt Biet o] {750 Al-go g B Ul Cdo] F-58t avh= 17]=0] FFel et o 4 2l

b 2 oA = UlellA f7TE A= ge] o851 gl HA 712 E RIS 7S AR Adste] =
AR L] Aol whE ESF Wl Cdo] F-53t B AlEol-87d 217 kS vl ARt} jit.

Materials and Methods
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a5 CdJ &%L%k—: 6.5mgkg' 02 B 9871F (4 mg kg")% 2= A0 R UrE’r‘*E’r (g} 4. 2012).
24§71 AR R ISR E S Al o p] BALS YAkt sti S el A IS 48t e
ik AR F10am 012 010 A0 48R0 155 £k 2 2 Al
Foll &=L Yl AlE-E Aol ARSI SA] G712 414 o]2kel4] 5/4-2 Table 201 LFEFIITE

AR EY U Cdo st 2E0] Cd S54-573S 2AE ] $160 20141 99 15Dl LEF1F (Raphanus
sativa L) A5 51551 5047 AIE AARE 5 B 2 224 ] Cd's =8 ARSI 2 A€ (42 2.5 m
4m, 10 m’)=35HE0 2 o] whah 2|5t o, Bt /1R EHIE dEfe] o] HH] 2305 (15 Mg ha ') <]
0, 1,2, 3HIE m==2540]| AL85I9ITE = 2] ol A4 (N 150 kg ha''), SWAH(P,0s 78 kg ha™), Z2] (K20 81 kgha™)
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Table 1. Chemical properties of the soil before the test.

Items Concentration Warning criteria "
pH (1:5 with H,0) 6.54
Organic matter (g kg™") 28.9
Total nitrogen (g kg™) 2.5
Available phosphorus (mg kg™) 101
Cation exchange capacity (cmol. kg') 9.10
Exchangeable cation (cmol. kg
K 0.17
Ca 3.97
Mg 0.87
Na 0.03
Total heavy metals (mg kg™)
Cd 6.5 4
Cu 44.9 150
Pb 56.4 200

means warning criteria of each heavy metals established by Korean Soil Environmental Conservation Act.

Table 2. Chemical properties of organic materials used in this study.

Item Straw Composting manure
pH (1:5 with H,O) 6.92 6.24
Total carbon (g kg™) 353 391
Total nitrogen (g kg™) 10.0 215
CN 353 182

EQ U AMEH EM BM AFENC pHE B FH40 HIE 1:52 HE51] pH meter (starter 3000, Ohaus,

USA)Z =74 51901, 773 T2 Wakley and Black ®5 (Sparks, 1996)-2 o]-85to] EASI3TE S84 &5
& olgato] BAaloiet. AFA ol K, Ca”', Mg & S45] 5l & | M NH.-

acetate’S pH 7.00.2 R th3 3E5}0 atomic absorption spectrometer (AAS, Perkin Elemer Model 3300,
USA)Z S5} 78 214k glaF2 Lancaster method (RDA, 1988)< o]-8-5fo] H]AHH 6 2 B35t

FaH 7IEE-S S75H7] 216l =M 1 M NHy-acetate= ESF-828 H] 1:59] H|Z2 1A]7F &7 §& ofufstod
AASE S5t EQF 9] &5 R84 SR EQFA R 3 g0l 57430 ml= 1! 3& 5 0.45 ym membrane
filter= 47} $F 3" total organic carbon meter (TOC, analytic jena, Germany)S ©]-85}0] EA5}3 Tt

T T e RE SRR AFsto] o] 28-S AlAsk Erfo] @204 70°CoA 72417 et A%
A5 57sto] Wrlskelnth. o] F 1z H deie|F= E4fcte] Cdg= 574 e Al== AR =St A%
A& 1 g2 HFI5}] ternary solution © 2 EJA71 & AASE Cd 2] F=FS 451t

) -{OIl

EAXME] SAEAL SAS SAZE T (HA 9.2)S o] &5to] AA|5HTH (SAS institute, 2006). A 2]7+e] 2}
o|& H|wsE] $I5t] ZARA k2= ANOVA A3 5ot B4 F-test At gho] p <0.052] HAoA 2]
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e 7ol 2af22 A7 (LSD)2 AAISHT

Results and Discussion

Cde| 854 2 AFolA 7184 SFAAEFE ES W A H Cd2] FEIR] | MNHOACE HE7Fs
gCde] o= Lﬂ@ﬂ FrofsiA dES vIAT (Table 3). ERE-F7[2AIA] S/ A 7 W o285 ot A
02 ZAEQIE) HAo) Al g2RS ZT A o] whet EoF Ul | M NH,OAcE FE7F53HCd o] gefo] ZAak)= At
£ UEA] 2dokout 7R =R 0] Al-§& 7 A7l Wt 1 M NH,OAc= JE7Fs3t Cdo] flgol] frol2] o

= 7451800 (Fig. 1). o213t 5 G724 1 EG Ul Cdo -8&40l nlAl= Fake] & olf+= E49] pH ¥}

AP 5 ok EGol A5 A7 1EAAES TRt letes 2etelal glom olget alkte & #4211
T20] FHof| slo] =54 (OH), ﬂew‘ﬂ (COOH) 59] &ot-& 7HA AL Q= 287155 Wol ZRtskal qlrt
(Plaster, 2002). THbA] FA41-& 3ZRtskl Q= 7 12 AIAE E‘*Oﬂ Al-8oHH B8 U] $4x0]2 (H)o] F4]
9] ZoHE 7| 1L = 287l S E o] O] pHA= S oA Hch. EFe] pH7 ST EH Cd-2 that &
712 Foll EF HlellA #-s3kd 4= lok 1) CdCosat Cd(OH)zi‘r 22 CHEFEFHES] TS (MeBride,

Table 3. Analysis of variance (ANOVA) and probability values for soil properties, plant Cd uptake, and radish yield.

Source of variation

Parameter - - —
Organic material (M) Application rate (R) MxR
df 1 3 3
1 M NH4OAc extractable Cd <0.001 <0.001 <0.001
Soil pH <0.001 <0.001 <0.001
Dissolved organic carbon <0.001 <0.001 <0.001
Cd concentration in radish 0.046 0.003 NS’
Radish yield NS 0.021 NS
TNS: not significant.
< 1.0
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Fig. 1. Changes of 1 M NH4OAc extractable Cd concentration in soil amended with different rate of straw and
composting manure at harvest time.
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1994; Naudy et al., 1994); 2) Cd* 2] EF w2 9 B2 o] 52} (Bolan et al., 2003b; Naidu et al., 1994); 3) Cd-5-
7= B3 B4 (Naidu et al., 1994).

2 AN F7TEAA O] TRt A8 ] pHHR ]| f-olsHA| G2 Pl (Table 3). T3H-771EAA]
O] TP AR T W ARG fofgh 202 AR Qleh Wi} TRSREH] 0] Al 8ol w2 81| EFe] pHH
S E9F U] 1 MNHOACE. A571531 Cdo] apisier a4kt 48k0 = et (Fig. 1, 2). 49 (1832
27170 mieh EF] pH SR Z7keke 9K LEhRLO L 7FE R EIo] L8RS Z7bA171e] et Eope)
pHL B8 27151 % Liehilct. o] A8 2710 k2 EoFe] pHe} | MNH.OACE. H27153 Cdd
wislolH Solet 2 Hale] Al8w 270l wieh mafe] praz 27} Sol b AsiAlet ol Z71ect (Fig
A g3 Z710] Wt | MNH,0ACE A&7 st Cd9) ke -Golsi| Z4askA] 929)th (Fig. 1). ©]

2). 2o A A8
2t A= G EA A o] Aol e EQF U <577 |€k4A (Dissolved organic carbon: DOC) &= 3R} A3 %]
= 4= Qleh B A 8RS SRl et -87] EXF Ul DOCY] ot =2 frolsHAl S71st o 7H-2 & H] 9]
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Fig. 2. Changes of pH of soil amended with different rate of straw and composting manure at harvest time.

240

®  Straw
w  Gomposting manure

200

180

160 -

140 -

Dissolved organic carbon (mg kg™

120

100

. . L L
] 15 30 45

Application rate (Mg ha™")

Fig. 3. Changes of dissolved organic carbon concentration in soil amended with different rate of straw and composting
manure at harvest time.
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A5t w2 DOC 2] g Hsh= §191Th (Fig. 3). EF U DOCE Cd™ 2FCd-DOCHH| 2] EHAE FAJ5to]
879 9] CdotdE SHAA ESS a8 Cd2] HIQ! 1 M NHLOAcE HE7Fs3t Cdo] ek SHiAZ
QJt} (Antoniadis and Alloway, 2002; Kumar et al., 2013). TEhA| B3-S Al 95 EQF Y DOC 2] S7F
EFO] pHE o ihe Cd9] -85/ AARIE A= TS e 2 0= mekerh

7IEREH] O] Algo] EFC] pHE STIAIZ1 AL o]e] T2t 1| MNH,OACE HE7FsS Cdel e AaAl7 1=
W7 F A O] Agof H]ol B 9ot 0 & ) o|2fRt Gatoll A & A 1He] Rpol= [ = A A O] Kt
of| A 7RI A 0 &2 et 2 Aol ARG HE 0] A folli= RS AR A o TSR EHl = Fa
e AR T AF Fa5 Al Qs AlEe Ik EH]ofli= vkt easiRtEo] A6t R oA DOCLE 22
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AL e o] ehaokehE wellElo] -FAEAL Rt FEie] FAlEE o] Hol EARITE wRbA Raage A
7SRRI S 7114 g2 Bl vls] Adrid o= B2 el FAle S Eeleith 2 Aol v
Ehd vel go] FAEES A4 o = glo] Iedsial Yl 7ISEF 7Bl Hls ] pHE 717 1= &t
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Cde| ME0I8Y & AN F7leAAe SRt Al e w271 deHlT Wl Cdo] steoll Folsl =
O (Table 3). BT 7F525H] F {72449 A182 LEHIF U Cdo] e=E daAlZle a7t e A
O & ZAE oL 7RISR EH] o] Algo] HiF O] Al S HH TS a7t et 20 = WERATE (Fig. 4). 72 E{H]
O] A§FE Z7Z0l wheh GEFIE W Cdo] S ol o & Al om 7SR EHIE 2t 45 Mg ha' ©
2 A8t ] YRR U] Cdo] sl T4 2] 9] 3.69 mg kg ' ollA 2.55 mg kg ' 2 2F30% FHAche ATE Ve
ok Bl 7152 5] 9] Al 8ol mhE LRI Ul Cd 50 Hoh H32 1 MNHOAcE JE7Fset Cdol
VB pH Hat A bt (Fig. 1, 2, 4). 5, 77 AR 2] A8l T EoFe] pHH2EFCd o] A=
ol-8/d Hslo] P nIrle Fat AQl Tl shelzl o2 pbe. ol daet vkt ol frlEAlA 2] A8l
ot B pHE e EY Ul Cdo| -8&7d& AaA171aL i 02 Cdof A1Zol8-do] A4 d A o= Tt
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Fig. 4. Cadmium uptake by radish plant grown in soil amended with different rate of straw and composting manure at
harvest time.
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-

Cd2.% AR A 7 BANE 0]83t Cdo] 3lel4] oFAs) 7]14-S Jahsls Ao 9lo] Telstodof & = st
AR} 0] S 2FE0] A BASh= Aot 7 Aol A {7181 S] Fe GERF-o] el ol
FFE w2 horovt 7 1EAIA ) A8 f-ololA] GRS nIFITh (Table 3). WA 2] A8 7o b2 &
o] Skt §19) Ot 7} E0] A8 ERS 30 Mg ha' 7HA] A-856153-S wf) Fox]=] o] v]af Sreke] T} 919l
145 Mg ha' 2 X851 ol $g] ST aTHE QAT (Fig. 5). MR RIS Jefel o) 249 1S Mg ha' 2
Alg519e W HohaE9l 22.1 Mg ha ' & D& 4= Qi) 71 EH] 9] Al8o] o] Cdo] A12ole4 Aztavtet
R Zoaal TS BAl ol A7l e 3R] 15 Mg ha' -2 A-8517 2] 30 Mg ha'-& E4] @k Z10]
S Tk 7EREHIE 15 Mg ha' 2 A180151S o dEF) R W Cdo] fhke FAfele] vlsh oF 21%
I} = AR YERT (Fig. 4).
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Fig. 5. Radish yield response to application rate of straw and composting manure at harvest time.

Conclusion

£ A70] @AE Ak RATIERREE A §E4 B ABolgAo] A thEA G nlch 2
WSS Aok Glck. /eI 0] AL LS AKX g Walel Al§ Hrk ok U] £ cdo] B

a9 LEfR o] Cd T4 Aol oS 83t 943t A o2 AL 1SR EH] 9] Al 87kS S7AIRlof wat
UeRE]Ro] Cd T Aashs A et cdo] A8ol84] #ztariel 2. *M*é HAFo] & 714
A 13 £ o FEH]Fo] 3391 15 Mg ha! (<30 Mg ha )2 Al-856h= Z1o] #H 0] Cde A 5744 EF T
2] Hieto 2 mheheich
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