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Comparatlve Analysns of leferent Soil Amendment Treatments on Rice Heavy

Metal' Accumulatlon and Yleld Effecti 1ns Pb and Cd Contaminated Farmland

HU Xue-‘fang1 2, TIAN Zhi-qging' LIANG hangqi, CHEN Jun-de’, ZHANG Zhi-min"*, ZHU Xiang-min*,
WANG! Shi-kun'**

(1. Chinese Academy of Agricultural Engineering, Beijing 100125, China; 2. Key Laboratory of Agro-Products Postharvest Handling,
Ministry of Agriculture, Beijing 100121, China; 3. Third Institute of Oceanography, State Oceanic Administration, Xiamen 361005,
China; 4. Shanghai GuanFa Marine Biotechnology Co. , Ltd. , Shanghai 200052, China)

Abstract: Using selected sepiolite (SEP) and biochar ( BC) as contrasts, we investigated the effects of a new cross-linked modified
chitin (CC) on the bioavailability of Pb and Cd in soils, the yield of rice, and the absorption and accumulation of Pb and Cd in
different parts of rice plants in a field environment. We hope this study provides the basis for the application of this material to improve
soil fertility, and a direction for further soil improvement studies. A field experiment was carried out in 2015-2016 on selected Pb- and
Cd-contaminated rice fields in Linghai, Liaoning. The changes in soil pH and available Pb and Cd in the soil were analyzed after the
rice was harvested ( October 2016). The effects of different treatments on the growth traits and yield of rice, the absorption of Pb and
Cd by rice roots, stems and leaves, and grains were compared. The results showed that adding 167-333 kg-hm > CC could increase
the soil pH value by 0. 36-0. 45 units, decreasing the contents of available Pb and Cd in the soil by 46. 39% -64. 01% and 29. 73% -
43.24% respectively (P < 0.05). This treatment significantly reduced the Pb and Cd contents in all parts of rice (P <0.05)
compared to conventional fertilization; Pb and Cd contents in different parts of rice were significantly reduced (P <0.05) by 16.09% -
38.14% and 21.22%-31.38% in the root, 19.17% -46.92% and 25.66% -45.34% in the stem and leaf, and 29.47% -58. 25%
and 44. 75% -64.02% in the grain, respectively. The treatment of adding 333 kg-hm™> CC (CC-2) reduced the contents of Pb and
Cd in rice grains to 0. 204 1 £0. 011 mg-kg ™" and 0. 1922 £0. 021 mg-kg ™", respectively, which were lower than or close to the limit
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values of Pb and Cd in rice (0.20 mg-kg™") as per GB 2762-2005. Compared to conventional fertilization, SEP treatment, and BC
treatment, without adding any amendments, the yield per mu of rice under CC treatment increased by 33. 6-47, 27. 6-44, and 8. 67-

34.77 kg, respectively. The effect of CC-2 treatment on yield was the most obvious; the yield of rice per mu increased by 47 kg, and

the yield increase rate was 8. 59% . The ability of CC to repair soil contaminated by Pb and Cd and to reduce the contents of Pb and Cd

in rice was not weaker than that of SEP and BC. The CC treatment also controlled the migration and redistribution of Pb and Cd in soil-

rice systems, and significantly increased the yield of rice. It has good potential to ensure the safe production of rice.
Key words:soil conditioner; heavy metals; Pb; Cd; cross-linking modification chitin (CC) ; biochar (BC) ; sepiolite (SEP) ; rice
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Table 1  Effects of different treatments on the soil pH

and bioavailability of Pb and Cd
WA SR/ mg-kg ™!

b +4E pH 1

At HpH b d
CK 6.45 £0.16¢ 16.23 +1.13a 1.11 £0.89a
SEP1 6.85 £0.20b 7.94 £0. 64c¢ 0.86 £0.11b
SEP2 7.09 £0.06a 4.25 £0.58e 0.74 £0.10¢
BCl1 6.79 £0.14 b 9.04 £0.64b 0.81 £0.04b
BC2 6.93 £0.12ab 5.45 £0.58d 0.69 £0.08¢
cCl 6.81£0.22 b 8.75+0.42bc  0.78 £0.04b
cc2 6.90 £0.07ab 5.84 £0.25d 0.63 £0.07¢

1) RIRV/ING FHEFR S AL BIRIAE P =0. 05 /K B4 g 22 5

T

2.2 3 MRk RAIXKFT A B E 4R Pb, Cd &
(1) 5 M)

K1 FR AR A R BT K RS A Y Cd 1 Ph &
AR . A5 R AL BRS RE 2 R K R AR
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PRI Ph, Cd S8 (P <0.05). B 1 A&, i ]
167 ~333 kg-hm > CC 5 CK #f Hb 7T f 3 Rk
FEAS RO AY Ph, Cd & (P <0.05) , iR R
S AR T 16.09% ~ 38.14% . 21.22% ~
31.38% , 25 W R 43 S FEAIR T 19.17% ~ 46.92%
25.66% ~45.34% KR 43 BIREAR T 29.47% ~
58.25% , 44.75% ~64.02% , CC-2 Kb¥ ] {fi /K 5
AR B Ph, Cd 7% & 43 51 B K 2] (0.204 1 +
0.011) mg-kg ' F1(0.1922 +0.021) mg-kg ", fik
T T GB 2762-2005 1 k2K Ph, Cd HIBR fEAE
(0.20 mg-kg™"). HFZEAHIAE I, CC AL FRAL
KA R Pb & R B E LT SEP &b H (P <

AR EFKTEZEBAL Pb, Cd SERFNE

Effects of different treatments on the Pb and Cd contents in different organs of rice

0.05),5 BC AbBRRRAN Y (P >0.05) , BT KRG AR
Zh Pb i [EfLRE KA SEP > BC~CC. M 1
(b)A[LAEH, CC-1 5 BC-1 [BR/KAEZEMH+ Ph %
HRCRAHY (P >0.05) Ik Tt ] SEP-1 b3 (P <
0.05) ,{H CC-2 4b¥ 5 BC-2 K SEP-2 AbBR[EIATEAE
BEM2ZER (P >0.05); il CC., BC, SEP Xf/KfEHf
K Ph S B R AE 45 A0 B K PSSO A Y, RAEAE
BEMZER(P>0.05). HE 1(c), 1(d)AFH,
CC BEIKFEMR R | PR Cd & SRR BRI T
SEP il BC. JLHJEEFHE CC 4bFH(333 kg-hm *) 5
HA A& FAAAE B E P25 (P <0.05) 5 i CC,
BC ., SEP XJ7KREZEM 1 Cd & S I AE A AL BRI
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BORAS  RAAE R E 25 (P >0.05).

TPANATT LA HY, Ph FEAE YR 9 A0 & i
FIMRAIITT Hy . AR ZE0E | PR, Cd T . R
Frkr, 220k FpRip Cd & s T A, 5%
A8 T A B g 4 R — B, SRR T RE S
Cd 555 F 5 kR0 (/N 5T HLA) EL G aT i 2R
PSR L4 & R T I E B BB DK R R kL.
EAWFITIE B, 7E K Rk rp, DUR 1 A 45 B 10
Cd ot , o DABREE RIS B 45610 Cd L
B, Cd EAE AR T 58 54.5 x 10° Al
5.5 x 107, FAMT I g F A7 28 R F R
PN Cd B8 | KR A 2% i A
AR 2 S350 Cd 18 K AR P RS

s R EEEYDE LR E RS S
(mg-kg ™) HSHEY M FHICE & (mg-kg ™) Z 1
(BLFEARBIZE: | ZEnF Bk R AR R BRLD) , T
PR KRG 4530 007 X T 4 B B R 2 e . iz R

AR, BT IZ AR X B 4 8 I e is e ) k. 3R 2
J ALK RGP A1 Cd BUHR R B 2K 2503
b, R R BRI iz 28 Nl EH, 5
CK A Fb, #0167 ~ 333 kg-hm > 7] & 1Y BC Al
CC,7KFE T Pb R R 3 ZE i RECEA KR
(P>0.05), %/ 167 ~333 kg-hm [ SEP fii Pb
AR R B ZE M558 R AUV 48 i, BDAR in SEP W]
fEE Pb AR R B 25 b (19 32 B8, WS 167 ~ 333
kg-hm “F|& ) SEP, BC Al CC ¥ Al i Z F& K Ph
ZEM-FRRL YIRS, H CC 5 BC BURMY, & T
SEP; #1167 ~333 kg-hm >#YJ BC Hl CC 7] & 2
KA Ph AR R BAFRLIG 55028 R B, 1T SEP 45 4b 3 XF
H AR AR . 5 CK ML, % m 167 ~ 333
kg+hm [ CC FIAS R 2 B REAIR Cd AR R 2] 25 011y
BEE ZRBUH T SEP, BC AbHE, W] B R Cd
RN FFPRL AR R BRFRL T 2 RECH AR IE T
SEP. BC 4b¥i. | B

#2 FAMBETAEEEERESRBER Vi

Table 2 Translation factor of heayy metals in different rice organs under different treatments -
s Ph FEE AL J | GdFeis R K ' Ayy
it /R KR/ ZEm | FERL R AR X N e R/ AR 4
CK /00029 0.146a | ™ #70.004 3a 0/050a ¥ 1,303a 0. 0654+
~SEP-1 A 0.041ab 0.107b / #F 4067004 4a 0. 042ab = 1. 170 0.049h¢’ 4
SosEp2 T 0.051a 0.404B/ 47 4 0.005 3a 0. 030¢ ¢ 17193ab 0.036c. =
S BC-1 = [ F0.031b ~0.084/9¢ /" 04002 6b 0.044a , 1.247a © 0.055ah
BG-2 /. |7 0.036h 0.074¢ 70.002 7 0. 038he 74 1.093b 0.042¢
JCC-1 0. 029b 0.081¢" 1 | 0.0024b 0. 046a 0. 968be 0. 044l
0.073¢ ‘ 0,041b * 0.035¢

CG-2 =+ 0.030b
7V

2.3 | 3 M IR E K B R

3 Fiff - e el R ) X K R AR A0 A A bR
W4 3. M 167 ~333 ke-hm 2§ CC 15 CK . SEP
AFE Rz BC ARFRAR LE , bR A A3E T 1.1 ~2.6,
1.1~1.2,0.2~1.1 cm; BEKAHIEMT 0.6 ~
1.2.0.7~0.8.0.1~1.0cm. FER B980T
3.5~4.1,2.5~2.8, =0.3~2.114; THE
BN 5.5~6.1,5.0~6.2,2.7 ~4.5g. it
T ZAPAIH, CCRUR BT, 167 ~333 kg-hm ™

0.002 2b

0. 858¢

Ptk F S AL FRARXS T CK 1 SEP AR | %o /K A bk
L R, TR EA R ERSIR (P <0.05),
167 kg-hm > BC 4k B 5 XF BEAH b o] 2 & (P <
0.05) $ K FE bk i . Bl R TR, (H R 3 in
FHHE% 333 kg-hm =7 HSGEKFAE S HARBCE T
K, SXFRERA T W PE 2 R (P >0.05), 167
~333 kg-hm *SEP AbBEXF D 1 45 48 b5 A9 52 0 2R
BFH(P>0.05). 74b, 3 Fok K570 45 4b BT KR
TR EOE INACR A B2 (P >0.05).

£3 TRLEKBEETHEFERZM

Table 3  Effects of different treatments on the growth characteristics of rice

R b3 B/ em MR/ em R A TR/ g
CK 94.0 £0. 16d 15.2 £0.33cd 112.0 £4.32a 26.4 £1.18¢
AT SEP-1 94.0 £0.28d 15.1 £0.29d 113.0 £5.72a 26.9 £0.79¢
SEP-2 94.4 £0.17cd 15.6 +0.37bc 113.3 £7.25a 26.3 £0.67¢
I BC-1 94.9 £0.25hc 15.7 £0.08bc 115.8 £2.39a 29.2 £1.79b
BC-2 94.5 £0.28 cd 15.4£0.41cd 114.0 +8.60a 28.0 £2. 16be
g B 22 CC-1 95.1£0.21ab 15.8 +0. 16bc 115.5 £5.31a 31.9 £1.59
CC-2 95.6 £0.37a 16.4 0. 14a 116.1 +8.64a 32.5+2.94a
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