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Effects of functionalized montmorillonite on rhizospheric enzyme activities in Cd contaminated soil

CHEN Ze—xiong', ZHU Huang-rong’, ZHOU Zhi—jun", ZHAO Qiu—xiang’

(1. Guangzhou Environmental Monitoring Center, Guangzhou 510006, China; 2. Guangdong Provincial Research Center for Geoanalysis,
Guangzhou 510080, China)

Abstract: In order to clarify the effect of functionalized montmorillonite on the activity of Cd and rhizospheric enzyme activities in Cd con-
taminated paddy soil, pot experiments were conducted in the rhizosphere of rice with different application amounts of thiol-functionalized
montmorillonite, montmorillonite complex conditioner and thiol-functionalized mixed material. Results showed that : when the addition dose
of the functionalized montmorillonite respectively at 0.5%, comparing with the control, the cadmium content of the brown rice reduced
43.6%, 25.9%, 36.0%, the available cadmium content in the rhizosphere of rice reduced 55.3%, 12.0%, 35.2%, and the available cadmium
content in the non—rhizosphere soil reduced 54.9%, 9.76%, 35.4%, respectively. The treatment of montmorillonite complex conditioner in-
creased soil catalase and urease, the treatment of thiol-functionalized mixed material increased soil urease, and the treatment of thiol-func-
tionalized montmorillonite increased soil sucrose. After Cd contaminated soil being added functionalized montmorillonite, the activity of
phosphatase in rhizosphere of rice was significantly higher than that of non—rhizosphere soil. Hence, these materials reduced the activity of
Cd in the soil and inhibited the uptake and accumulation of Cd by rice. At the same time, the activities of soil enzyme was increased. Ac-
cordingly, the soil environmental quality of Cd polluted rice rhizosphere was improved.

Keywords : soil; cadmium; functionalized montmorillonite; soil enzyme activities
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Table 1 Physical and chemical properties of the tested soil

i FHE T2 i H AL BAUA A A
Cd/mg-kg™ CEC/cmol kg™ p OM/g-kg™ Available N/mg kg™ Available P/mg-kg™ Available K/mg-kg™
0.551 12.4 6.38 25.6 87.5 293 103
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Figure 3 The effect of the functionalized montmorillonite on the

available cadmium content in the soil
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Figure 5 The effect of the functionalized montmorillonite on the

soil urease

http://'www.aed.org.cn

2.3.4 TIEREIRNE

- SR R AL G R AR A P PR B R I, AT
FEANTE] pH A A5 N /K AR — R CHH I B R TR
BRI S5 ) A BUEBERREL . WL B X + HEm 1Y A A5
HATEEEM . RS AEAR bR 5850 5 170k R
i 15 PRI A2 IR IR 25 S WL 7. IR 7 AT LA 7R K
FEMR PR 5 AL PR - RS T  IN B S MR AL 31
o A R S CK Y e B 2 5 U
&5 MR R RR R B S, Ak AR N
SEMRLIE AR BR - 4 v A3 A 7 A 1A B VR 2 357 8 AR AR
B4, U BR B 2 b RS Y - S EA TR B8 2 JR K
AR 2R e 8 = MR IR S 12k o

3 g

ABETELRIT, QU R B RLBEI i - 38 v 1y Jiz 1A
SR, R HEXS Cd AR TBR 1 LR B 52
G S A5 I 2 B2 RS A7, 3 A 78 50 P o7 W R, e
JSEHLER UL P 8 FA 917 QI AB A4 RLR: - s b Y Cd
H T P B A TS P S A R E B RS A A,

[0 #RBr 1= The rhizosphere soil
[0 4EARBR 1= The non—rhizosphere soil

_ 1000 )
S_  9.00f
S 800t ‘I‘
5 E“ 7.00
£3 600F 2 b
=<
B 5 500 a
¥ E 400f a a b
2T 300t
F 2 00t
s -
e 1.00F
LR 0
CK QJ MT oH
Kb Treatments

B o &8 mExt LIRS 2
Figure 6 The effect of the functionalized montmorillonite on the

soil sucrose

[ #Fr 1 The rhizosphere soil
0.351 O AEAR PR 4= The non—rhizosphere soil

030f 4 _-i_ . T

0.25F ‘I‘
0201 a 2
0.15F
0.10[
0.05F

|—|—|m
|—|—|m

phenol produced/mg-kg™!

724 B BE The amount of

CK QJ MT OH
QLT Treatments
B 7 &SRt L SR EE R R
Figure 7 The effect of the functionalized montmorillonite on the

soil phosphatase

— 531 —



Rl EBESREZIR-E3605-F4H

HO-R-SH HO-R-SH Cd Cd-0-R-S-Cd Cd
AN I\ I N |
OH O O OH OO0 OH 0 00 0
| [ | L 11 | [ |
- | = +Cd* =Cd |- Cd
I I I I I I [ I I I
H H H H Cd Cd Cd Cd

Montmorillonite—OR-SH

Montmorillonite—OR-SH-Cd

B8 mE-SHAEAMMSLER IR ENERE"

Figure 8 Schematic diagram of reactions between thiol-functionalized montmorillonite and Cd* """

B9 SE-FHAEAMHERAES TES CIH
ZERTEY
Figure 9 Schematic diagram of the action between

thiol-functionalized montmorillonite and Cd*!"”

AT S A 40 AT ) 2SS 18 G VR S RAIR . ASBIF9E R WY
SR REA B AL 1 3 P 19 Cd, B 25 AR OR A A
RO 1 3 Cd YL, 315 R SRR AU B A 5T 4 SR AT
—2

M RHE B B G i Y[R, o T RE 20 L 4
PG PR RO VTR SFE TSR W] R SRR AR 25
HE DFAE S FEAE | ESEEREAL i KR Al Rl R B A v
SN S R NG R e R T N P o
SO S AN R AR A e T R Cd L R
PR KRR AR R N AR AR B - SR 1 6 0 4 k3 )t i
T AR A 109 A2 5T e B AS [k 2 11
C BRINF ARAEAR P B AR MR B - 358 P9 I8 1 32 e o5
FORE P ST AN [ A 700 %o - Sl 0 e 7 52 e 2 1
Vb Je LG MR A AL BT - SR I T A 5
FVE AT 5 SRR B T 7R ol 5 - SR TR Tl 05 1 P
SR s e AL SR PEE AL R BB R
YRR ABFTE L Cd 5 Y 3 i
0.5% S WS & VBRI BB | 13 b AL S iR
it 115 25 Y A8 R 0 L AN 0.59% % B 52 B B R RE AT K
B S P IR

— 532 —

WRPR S5 ARAR P L e B Al AW i A
D7 HAFAER R ZE 5, 2 WA AR P 30 T s A AE T
& oA IE R T AR WA SRR, I R i L S T
PERI BEFE R B, AR PR S IR I | AR | IR
AR U | KSR T ) 0 R I AR B e S R A 1 5,
KR AR B A SR ik o T AR AR B 3 AF
FERW, Toie s e L b R musmtiAb B 2 AR, K
R Br 3 Cd A RS e BE B ] AR TR AR B &
5, HAEA GBI SRR 28 A BRAR R KA AR
o - 2 Hp e S A ST P e T AR AR P L

4 #ig

(1) 3 Mk IR 52 10 A1 18 52 4 RE S 5 AR A A
BRXF - 4 Cd By IR, A BE R IR - 48 Cd A RS MR
3FRHME AR ] QI>QH>MT,

(2)MT L BRI REA 2 o e o A = |
FIR BG4, QH B A MR REA 2 i oy 338 P IRl 428
QIES MR BEA S e (AR B 3 rp BRI 5 1

BSR4 B AR 3 8 Cd I35 1,
XG5 Y 2R IAT IR R S AR L SRR RR I 1
TARMRER LI

Sk

[1] FRET G370, [ 4 BT . 42 [ 4 195 Qetk BL 3 A 22 e [EB/OL).

(2014 - 04 -17). http://www. zhb. gov. cn/gkml/hbb/qt/201404 /
120140417_270670. htm.
Ministry of Environmental Protection, Ministry of Land and Resources.
Report on the national general survey of soil contamination[EB/OL].
(2014-04-17). http://www.zhb.gov.cn/gkml/hbb/qt/201404/120140417 _
270670. htm.

[2] Chaney R L, Reeves P G, Ryan ] A, et al. An improved understanding
of soil Cd risk to humans and low cost methods to phytoextract Cd from
contaminated soils to prevent soil Cd risks[J]. Biometals, 2004, 17:
549-553.

[3]LiZ W, Li L. Q, Pan G X, et al. Bioavailability of Cd in a soil-rice sys-
tem in China: Soil type versus genotype effects[J]. Plant and Soil,
2005, 271:165-173.

[4] FRATHE, 2700, AR . 2R SR AEXT Cd WM S kR AR 2R - 05

http://www.aed.org.cn



MR , 55 « SOME S AT SR T G X /KRR AR B - SBEmIS 14R 119 5

2019%7A4

AR ST SZ WD), FRERF, 2006, 27(8) : 1647-1653.

GONG Wei-qun, LI Lian—qing, PAN Gen—xing. Cd uptake and accu-
mulation in grains by hybrid rice in two paddy soils: Interactive effect
of soil type and cultivars[J]. Environmental Science, 2006, 27(8) : 1647
1653.

[5] 260, 4 L ARATR S5 AR AL D0 B DR 00 4 FE A
TG RBEAAE TS, A RBTRL #2440, 2019, 38(4) : 807-817.
YUAN Xing—chao, LI Bo, ZHU Ren—feng, et al. Immobilization of Cd
and Pb using different amendments of cultivated soils around lead-zinc
mines[J]. Journal of Agro—Environment Science, 2019, 38(4) :807-817.

[6] Madrid F, Diaz—Barrientos E, Florido M C. Inorganic amendments to de-
crease metal availability in soils of recreational urban areas: Limita-
tions to their efficiency and possible drawbacks[J]. Water, Air, and Soil
Pollution, 2008, 192:117-125.

[7] Yuan P, Fan M D, Yang D, et al. Montmorillonite—supported magnetite
nanoparticles for the removal of hexavalent chromium[Cr ( VI )] from
aqueous solutions[J]. Journal of Hazardous Materials, 2009, 166: 821—
829.

[8] A5 d 5t . AN [ B 55 M58 g o R JFCXGT  3 vp oE 5 s 9 2 S AL A
FHWFFE[D]. i AEZR BT K2, 2016.

JIANG Ting —ting. Synthesis of differently modified montmoiillonites
and application in stabilization of soil heavy metals[D]. Shanghai : East
China University of Science and Technology, 2016.

[91 X 2K . %5 KL A 552 IO A )l 8 B T ok 0 ) WAL /A W AL LB 5 D).
JCHR SR TR, 2013,

LIU Hui. Preparation of thiol — modified montmorillonite and mecha-
nism study of cadmium( I ) adsorption/desorption[D]. Chengdu: Cheng-
du University of Technology, 2013.

[10] Zornoza R, Guerrero C, Mataix—Solera J, et al. Assessing air—drying
and rewetting pretreatment effect on some soil enzyme activities under
Mediterranean conditions[J]. Soil Biology & Biochemistry, 2006, 38:
2125-2134.

[11] Trasar-Cepeda C, Leir S M C, Seoand S, et al. Limitations of soil en-
zymes as indicators of soil pollution[J]. Soil Biol and Biochem, 2000,
32:1867-1875.

(2] X3, 15, R, 55 . — PGB e 4 e 15 e I i e -52
A7 B A AR R i 48 51 1 201210139593.0[P]. 2014-12-03.
LIU Wen-hua, FENG Chao, ZHAO Qiu-xiang, et al. A thiol-montmo-
rillonite composite material for controlling soil heavy metal pollution
and its preparation method :201210139593.0[P]. 2014-12-03.

[13] AEASFREEHS, B 5 W AR . R Bt A FH b L 3¢

15 Y XSS PERRE GB 15618—2018(S]. b5t « [ 3BT Rl2 H il
#t, 2018,
Ministry of Ecology and Environment, State Administration for Market
Regulation. Soil environmental quality: Risk control standard for soil
contamination of agricultural land GB 15618—2018[S]. Beijing: Chi-
na Environmental Science Press, 2018.

[14] 801 B HIRARALIIAIM]. 3R . S0 A7 A H AR, 2000.
BAO Shi—dan. Analysis of agrochemical soil[M]. Third Edition. Bei-
jing:China Agricultural Press. 2000.

[15] SCHARA . L3l S HAIF T (M. JEaT Al AL, 1986:274-340.
GUAN Song—yin. Soil enzyme and its research methods[M]. Beijing:
Agriculture Press, 1986:274-340.

http://'www.aed.org.cn

[16] #2257, TG, R, 55 AN R E L g LR
G PEL)]. IR AR, 2011, 42(1) :207-210.
YANG Lan—fang, ZENG Qiao, LI Hai-bo, et al. Measurement of cata-
lase activity in soil by ultraviolet spectrophotometry[J]. Chinese Jour-
nal of Soil Science, 2011, 42(1 ):207-210.
[17] BHH, B, B . S20AT-OR-SH & 45 Hph bl 1 Hef i
BEAL T AL BREERI2E, 2015, 36(6) :2314-2319.
ZENG Yan—jun, ZHOU Zhi—jun, ZHAO Qiu—xiang. Mechanism study
of the smectite—=OR-SH compound for reducing cadmium uptake by
plants in contaminated soils[J]. Environmental Science, 2015, 36(6) :
2314-2319.
(18] SR JBVKE, BRI NI, 2R, 45 . SePER e 4l Ak -39 Cd XA TR K A
AL A RS RO R, 2015, 43(16) :96-99.
ZHU Huang-rong, CHEN Ya-gang, LI Yuan—-yuan, et al. Study on
thiol-functionalized bentonite for reducing cadmium uptake by rice in
contaminated soils[J]. Journal of Anhui Agricultural Sciences, 2015, 43
(16):96-99.
LI, O o, BARAR, S LN TR) B RRI X R AR
Pk L A SERGE PR RS L], 7K AR, 2014, 28(6) :211-215.
LI Jiang—xia, GUAN Qiang, HUANG Fu-sen, et al. Impacts of differ-

[19

ent amendments of availability of heavy metals and soil enzyme activi-
ty in mining area soils[J]. Journal of Soil and Water Conservation,
2014,28(6):211-215.

[20] M 20, ok 75, EiEH, 55 FEFFAE Y BT B TS ek FE AR B
BERE MBS )] Al BRI RL 22740, 2016, 35(8) 1 1532-1540.
SHANG Yi-jie, ZHANG Xiu, WANG Hai-bo, et al. Effects of straw
biochar on rhizospheric enzyme activities in Cd contaminated paddy
soil[J]. Journal of Agro—Environment Science, 2016, 35 (8) : 1532—
1540.

[21] BERKE . BYRF AL 65 e IR BAL B A2 5 - S G ME WF SR (D). B
T TPIRAE, 2015,

LI Qiu—jun. Study on immobilization remediation and soil enzyme ac-
tivities of lead —zinc mine tailings[D]. Nanning: Guangxi University,
2015.

[22] J5 X, AR ERFY, PR, 45 SRR HLIEXT 6 B 2E KR vh il
SBR[, Al BEIR S PREE2EE, 2016, 33(5) :466-476.
FANG Ya-yu, ZOU Hui-ling, YIN Xiao—hui, et al. Effects of red—
mud and organic fertilizer on cadmium and lead absorption and distri-
bution in rice[]]. Journal of Agricultural Resources and Environment,
2016, 33(5) :466-476.

(23] w5 75 0, JAEST, Makse, S5 T 4w AR ST LG 1 S 1.
A HEFAR, 2012, 7(3) :331-336.

GAO Xiu-li, XING Wei-qin, RAN Yong-liang, et al. Effects of accu-
mulation of heavy metals in soils on enzyme activities[J]. Asian Jour-
nal of Ecotoxicology, 2012,7(3) :331-336.

241 e, B G, AT, AF L PR T R X A e A Y g
B PRS2 MR (D], 22 MR 274l CEAR B, 2010, 46(5) - 38~
42.

LIU Jiao, CAO Jing, NAN Zhong~ren, et al. Impact of heavy metal
combined pollution on soil enzyme activity in Baiyin region, Gansu
Province[J]. Journal of Lanzhou University (Natural Sciences), 2010,

46(5):38-42.

— 533 —



