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(PVA) FUEFHIR (HA ) IX 4 FhE5F w0 BRI KRS Az K AN 4 a8 WIS 2 ). 255 2R B, 55 %) BRI JHAH L | e FH 245 440 g B 790 b
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WA RS Cu(5.38%~39.7% ) Al Cd 2 12 (6.98% ~ 59. 6% ) , KRG AEAFF ARG K Cu & 70 WIFEMK T 0.88% ~ 27. 2%,
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Effects of Different Soil Condltloners on Rice Growth and Heavy Metal Uptake

in Soil Contaminated with Copper and Cadmium; ¥ 4 | A 3
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Abstract; A rice pot experiment was conducied to stlJ‘dy the effeets of four soil condltloners namely polyacrylic acid (PAA)
polyaﬁrylamlde (PAM) polyvinyl alcohol| (PVA) and humic acid (HA) , on rice growth and heavy: metal uptake from paddy soil
cortarhinated withgcopper and cadmium. The results showed-that-the height and straw weight of rice in the conditioned soil treatments
increased by 7.34% -22.0% and 10. 0% -32. 2% respectlvely, compared to the control treatment. The increased height and straw
weight was generally proportional to the amount of soil conditioners used in each treatment. Application of 0. 4% soil conditioners led to
a slight reduction in rice yield, with the grain weight decreasing by 6. 70% -32. 6% relative to the control treatment. Soil conditioners
had no effect on soil pH, but significantly reduced the concentration of soil available Cu (5.38%-39.7% ) and Cd (6.98% -
59.6% ). Similarly, concentrations of Cu in rice root, straw, and grain were decreased by 0.88%-27.2%, 8.50% -45.2%, and
3.41%-31. 2%, respectively, while concentrations of Cd were decreased by 5.93% -20. 5%, 10.0%-51. 4%, and 3. 12% -50. 7%,
respectively. The largest and smallest decreases occurred in the PAA and PVA treatments, respectively. Application of PAA, PAM,
and HA significantly decreased the translocation factor of Cu from root to straw by 11.2% -27. 1%, whereas the translocation factor of
Cu from straw to grain increased by 17. 9% -33. 6%, respectively, compared with the control treatment. Application of PAA, PAM,
and HA significantly decreased the translocation factor of Cd from root to straw by 15.2%-38.5%, compared with the control
treatment, but with the exception of HA, had no effect on Cd translocation from straw to grain. In general, the application of soil
conditioners promoted rice growth, inhibited the uptake of Cu and Cd by rice, and had a certain remediation effect on heavy metal
contaminated soil.

Key words :soil conditioner; copper; cadmium; bioavailability; rice
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PRI TOEME (PAM) 5 FIRHE 4 1 A -1 48 RE A5 2509 156
AR (R A 22 1) B LI (PVA ) BA {1
HERZERIOIE Y B NRR (PAA ) FE 54
AT R A S BT AR (HA ) T LA
PERE LilOr WO S LI E AT SRR Ly
HEFE A e, M B BRI R £ UK
POATIAN, B ARk R e BRI etk | R A
LA S ST PR R A DAL T LA R 1 B 52
e i S e B 24 2 i 0 BT B
BB B VM IR U e O Aok
CADFIE A A G 105 B M T R s
Ak HEO R RLAEAL. Dhiman 45 i B 7, 16
190 ) PAM Ji e 25 42 5 1+ 3EXT Cd, €d (Zn FI Fe |

S BRI ) S8 B A B A A
1 #R5FE

1.1 Ak

P -3 R B VLPY AR SO T ARG R i
LT EVE KRS EAMEIZ T3 (0 ~20 em) , HIHESEA
AL ME BT oM. pH {E 5.37, A AL & & N 33.7
g-kg ™ BHES 7S84 9. 95 cmol-kg ™', 4> N P Al
K &/09 8 1,77, 0.43 F110.2 g-kg ™", 4 Cu H
Cd &853 94 96.9 mg-kg ™' F12.45 mg-kg ™", 534
b A HEFR I T FH M - 39895 Y IXUBS: A F b vfE ( GB
15618-2018, Cu 50 mg-kg ' Fl Cd 0.3 mg-kg ") HY
1.94 F18. 17 % , AR Cu F1 Cd 843514 18.6
mg-kg "' F10. 81 mg-kg ™', FRL MR RN RL Y B 43
S 17.0%, 42.7% F1 40. 3% . P45 Be R 55
SRR (PAA) | 5 TR 65 Tk I ( PAM ) 38 2.0 i
(PVA) FUEFERRCHA ) |\ PAA PAM AT PVA 1 [
AP fL2 A AL, HA 1 1 LAt B 2%
FHEAT PR 25 . HEIRACR St Rl Ay T R 35 T i
MRS ¥ W v Y )
L2 Rty & (LA

AR IR st 3 1 7 ik (AR A e
{5 B T RORSF B B S T S 9 b BLCK
(RHELERIB A . PAA-1[#E 0. 1% ( AT+

AR 3 | i 5 O OB 0 o G O JR 20 B | PRA-2 (R 0. 4% SRR

e, PR SR TT 1 5 5 s PR D 1 T e
B AR | PVA TR FLAS I B
ST AR b Fe’ AL T 5 2 6] F 7 e A
TR FERES 1T Fe F TR A 1 52 , 6 (LA 0
Zhao %' (TSN , BEHEXT Cu* 1 Cd2*
WM R AT 2 P A R (LBPAA ) 22— F 4
R e 1 8 A S PR HA B LI 5
W HA 7T 2 R AL RS Cd A, AL
GO SRR A ISR A Cd A R
SR PR IR L, S R B R A1 5 T 4 IR 0
e M7 T FLAT B0 PG 5, (0 FRTRFSE  2
SR R4 FI R BRI, 2 R b R
T4 85 e A HUAETF TS ¢ LA

KRR I SR, 4 T 3R 559 Y
AN AE A TR DR P T 0
Y BLGHy W3, 5 T R K R 2 4
B AL AR A I U8 Cu 1 Cd 154K A £ h
%4, i i K B 4 B BF S PAA PAM PVA Al
HA 3 4 Fi s 98 B K 2B 4 138 Cu A Cd
AT AP KRR Cu AL Cd BRI, I X 34
SR e | LA 4 R 3 e S 1

2) PAM-1(JitiJH] 0. 19% RINMEHERE )  PAM-2 (it
0. 4% TGN ) \PVA-1 (T 0. 1% R L4 |
PVA-2(Jifi [ 0. 4% 3 L @B ) \HA-1 (JiJH 0. 1% &
BEPR ) Al HA-2 (i FH 0. 4% JE5EIR ) , BN FE 4 A4~
HA . 2SR R ) it B R PR %, 2018 4 4
H 21 H B8 e 0 235 4 e R 3R K VA T
10 kg U 438 R il 2 /KRR AR K T 75 19 L B A
BRAEL 43 50 R PR ZE (LA N 31) 150 kg-hm ~*  KH, PO,
(BL P 3F) 38 kg-hm™ A1 KCl (A K i) 150
kg-hm 2 ] MRS E B T— 1523 em 1A 31 em
R T K AR RS H R A 3 em HBIKZE,F
i 1 R SRR K AR, A 3 Bk, KR AE B RTIOR
FF 3 em R)ZMACIRAS IR 5 R FRMEK , R EF
T AL TR IEPIR S K A ORI 1 J], T 2018 4F
8 H 18 HUEK. /KFESBEMIVR N 30 kg-hm AR EK
(LAN ) EAHBAE.
1.3 FEACREE S E ik

TR BRI Fe 7K 5 25 Fhbm v 0 5 ik 5, 8
AR FEFFFIFFRLX 3 &850 53 850140 il 48 KB K
THUEE T 105°C 27 30 min, SR 7E 70°C FHET T
RIS 3 A G5 800 BEALR B 5 I 4 R
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Cu 1 Cd 75 1. AKARFUSCHR 1) [ B R A0 o -3
A3 2 mm 55 F T 4358 pH EFIA RS Cu
Al cd &

3 pH R HALENE (KR 2.5:1);
R Bk AR R W VAN 3
A HLIFCR FH 5% IR A0 2 i vk AN Hak il s, 1
EECRATIF RIEIE ; 84 R HBR -4 B bt
Pl 6875 0 5 5 1 4 R R 9 - K07 O R kT
5 T IEBH B A0 SR FH £ R B A2 4 1A O
+ 3 Cu Al Cd 4R FH HF-HNO,-HCIO, %%, #4
YE o Cu Al Cd 2R A HNO,-H, 0, Ji &,
+HEA S Cu AT Cd 2R A 0. 01 mol-L™" CaCl, ¥
VRIS A WA BOR P Ca AT Cd W R A
JE W A o B T s, B G 2 4 3 A
IR 209 (AAF i B 42, R4 R 0 3R O 0 Ao A
th o lAdE A T KOKBRHEY) BT ( GBW10010) 1+ 4
FRUEY) B ( GBWO7450) #E4T B 4l Wiﬁlﬁﬁ/ﬁ%
Rt Cu (5 1715 3 53 318 929% ~ 103% 1 949 ~
107%, Cd E’JEILI&ZK 5 °H 90% ~104% 193 % ~

105%. / N PR T

¥

1.4/ ﬁﬁmﬁ%%ﬁ%ﬁ Vil
*Fﬁ%k%ﬁ(translocatlon factar, TF) ﬂéﬂ:ﬁ'{
4 I KA 45 0002 ) E’J%ﬁﬁ?]’l,%L%ﬁ#
:PﬂOFHJ: VAL HPvel 4
L1 2 SIEON
éﬁz%’ﬂﬁ%’*f 'ﬁ LI, R AT SPSS 22. 0 H kAT
e 4ehr.

2 HBRESH

2.1 KREAK
SERE BRI KRG AR B 2 W3R 1, ]
i 4 AR R BRI EE TOKFEA K Y
I Y KRB AR FFEE (P <0.05) . 5 At 45 #4) 2l
R CK 4 FEAH b, PAA-1 PAM-1 PVA-1 Hl
HA-1 3K Atk i AAS AR S 40 34 hn 1 7. 34% ~
18.0% F1 10. 0% ~ 23.7% (P <0.05) , i PAA-2.
PAM-2 PVA-2 il HA-2 &b 3 /K F& bk e ARG FT 2243
BN T 8.97% ~22.0% 1 18.3% ~32.2% . 25 #4
A R ) i P BRSO R B A, 45 Ak B[R] K
PR i RIS FF 55 19 K /NIBUF 8. PVA > PAA > HA >
PAM > CK. \F& 1 A7) LLF i AR B 450 o R
FIXEKFE = 1 A 352 0 (P > 0..05) , 1M it FH &
i PAA PAM  PVA #l HA J5 K RE¥F R F I T
6.70% ~32.6% (P <0.05) , 4K H ] /K REFFbr 5 1)
KN . CK > PVA > PAA > HA > PAM, 455 2k
R 71 A ot FH o A K K e BRI

it Lk
4 FH Origin 9.0 i—@\ﬁ:lﬁ- Tit%"\__ g

F1 AEAEKE®RS FEFFALED
Table 1  Height, straw, and grain weights of rice

with different soil treatments

Ab P B/ em %ﬂii] *?ﬁiil
/g pot /g pot

CK 69. 9f 29.3d 80. 8a
PAA-1 79.9¢ 35. labe 76.7a
PAA-2 81.9b 36. lab 70. 9be
PAM-1 75. 0e 32.2cd 75. 4ab
PAM-2 76. 2de 34. 6bc 54.5d
PVA-1 82.5b 36. 2ab 79.2a
PVA-2 85.2a 38.7a 75.3ab
HA-1 76. 4de 34. 6bc 76.5a
HA-2 77.2d 35. 7abe 68. 6¢

1) [RIZVBEAS [Fl/ING B3R R 44 Ab Bl ] 22 5 {2 25 (P < 0. 05) , R[]

2.2 TIEpH EHS5ARE Cu fil Cd & &

22 AL PR A3 pH -5 A% CaFil Cd
T, 5 ORGSR ek BRI Y CK wmam s
PAA .PAM F1/PV.A X 1+ pH (%A ﬁ%?&ﬂfﬁl?P >
0.05) , {HL it I HA 52 3 B (1% 1T pH i (P <
0.05) . 58 pH LAY I A ) 45 e )
ﬁ%%ﬁ?t@@ﬂun%i%ﬁﬁ@tﬂxm
AR EE , #EH 0. T% E’J PAA" PAM PVA #il HA' J& 4=
:%ﬁﬂﬁcuﬁCdaiﬁwwvﬁrs%%~ns%ﬁ
6. 98%~5J0% P 0. 4% 1) PAA PAM PVAﬁI
HA J5 - A 80 Cu R Cdl & B Ar IS T 11, 3%
' ~39.7% F110. 8% ~ 59. 6% . /~[A] 4b ¥ [a] 1+ 4 5%
2 Cu M Cd EHEAYR/NIF R . CK > PVA > HA >
PAM > PAA.

F#2 AEAELE pH ES5ERE Cufl Cd S8
Table 2 Soil pH and concentrations of available Cu

and Cd in soil with different treatments

e oH AR (3:1 ARG (j:l
/mg-kg /mg-kg
CK 5.34a 19. 5a 0. 86a
PAA-1 5.30ab 13.1g 0. 43f
PAA-2 5.27b 11.8h 0.35¢
PAM-1 5.30ab 15. 1e 0. 54e
PAM-2 5.29ab 14.3f 0.49¢
PVA-1 5.34a 18.5b 0. 80b
PVA-2 5.31ab 17. 3¢ 0. 77be
HA-1 5.25b 17. 9be 0.73cd
HA-2 5.13¢ 16.0d 0.69d

2.3 JKRAEFRAL Cu Fl Cd &

A EEF R R B AR T 3 Cu AT Cd B4R
FRE, W T KRN Cu 1 Cd BRI A 1
Al 3 Cu Ml Cd #PE M, CK AAHFE/KFEHR R Cu
il cd & & % & ik 95.5 mg-kg™' A 10.0
~ I A R e R AR BEK AR R Cu AT Cd
TR 69.5 ~94.6 mg-kg ' Fl 7.97 ~9.43

mg - kg
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mg-kg ™, 7ML CK AEBEFEAR T 0. 88% ~27. 2% Fil
5.93% ~20. 5%, [%: PVA #I, PAA PAM #il HA 34 i
FIRAE T KFERR 2 5%F Cu Al Cd BRI (P <0.05).
Jiti FH 5 R el B 390 i K R AR R W Cu T CdL A 9 20
WRRAR T /KFERSFF Cu A1 Cd S (- 2), CK AbBE
IKAEFEFF Cu A1 Cd & 55300 0 14.4 mg-kg ™' FlI
2.10 mg-kg ™", Mo FH &5 #4 2 B 590 4b BEOK FE RS AT Cu
Al Cd Fmsr it CK AR PR T 8.50% ~45.2%
M10.0% ~51.4% (P <0.05). & 3 Al LLE
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