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Abstract: Field experiments were conducted to investigate the effects of bentonite on the composition and stability of soil aggregates and or-
ganic carbon content during the processes of in situ immobilization remediation of Cd—contaminated vegetable field. The results showed that
the amounts of 2~5 mm and 5~8 mm particle aggregates after applying bentonite increased, and the amounts of particle aggregates (<2 mm)
decreased, compared to those of the control. The values of geometric mean diameter (GMD) and mean weight diameter (MWD) increased

from 9.57% to 33.48% and from 4.74% to 33.39%, respectively, indicating the stability of aggregates improved. In contrast to the CK, the
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bentonite treatments enhanced the organic carbon in the whole soil and all aggregate particle sizes, but the contents of particle organic car-

bon in the whole soil and all aggregate particle sizes were inhibited, with a maximum reduction of 11.64%. The contribution rate of the soil

organic carbon content in the 2~5 mm aggregates increased under the addition of bentonite, whereas <0.5 mm aggregates showed an oppo-

site trend. The contents of functional groups of alkenes, alkanes, and phenols increased from 1.52% to 4.55%, from 2.60% to 36.28%, and

from 2.06% to 10.98%, respectively, from those of the control groups.

Keywords: bentonite; soil aggregate; stability; organic carbon
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Figure 2 The content of POC in soil aggregates under different bentonite treatments
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Figure 3 The organic carbon infrared spectra of aggregate processed by different bentonite
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2.4 TERARGEI 2 EVBMEEE BN TEKER
F 2% 4 1T 0 - 3 45 % AT 3R A kst = 3 AL
BEASA VUK S = TR Z R k. B, 14
RN AT BB (1) BTk 3 R B 5 AT SR AR 2 i L 5 4
LA RLAHE . A [ 40 BEE] >0.5 mm [ B4R A HLAR BTk
N Py (92.46%) >P, (86.86%) >P, (83.10%) >CK
(75.64%) o ¥iHA>0.5 mm 3 [ B 1A Hy A A A AL

3 FT-IR BRI EE ST HARE L EA VKRR
BEREABMNESRE(%)
Table 3 Relative proportions of the different organic C functional

groups in aggregates resolved by FT-IR spectroscopy (%)

W EE AR, 40T, B - R R T 5~
8 mm Fll 2~5 mm K7 1% 4 358 PH 3R ACH HLAR 19 DT ko, 3
i e A5 43 51 K 1.91%~63.57% F1 4.96%~24.26% (P>
0.05), 1~2 mm A1 0.5~1 mm $i4% + 3 A R ARAG MUK 5T
ik 2 56 FHE R R (P>0.05) , 0.25~0.5 mm Fl1<0.25
mm H7 A% 1 38 AR A BBk o1 ik R A BT 0/ (P<
0.05) A TR AT A1 3R A rp B0k A5 MILA &5 i D
ik 1 A8 A0 5 % PR R A4 o WL 1) DT RSB AR R . 4%
TRz 4L 5 T 5~8 mm Hl 2~5 mm ki 4% - 1 A I A
SRS A AL B DT R R B I B 4 B 11.24%-
72.35% 1 3.59%~23.12%, 1~2 mm (P>0.05) F1 0.5~1
mm ( P<0.05 ) R0 A% 1 8 A I A Uk A5 A MLk o7 ik % 56
T J5 B, 0.25~0.5 mm F1<0.25 mm Fi A2 4 32 A1 5
IR IBURL S A B 5Tk 2 BT dl/N (P<0.05) o BN i
T8 AT DA 5 2~5 mm k7 2% A SR AT - e AT HILRR A1
RS HLAR & 52 1 BTRK 2 (P>0.05) , T %K <0.5 mm
7 2% AT SR AR XS - A HILASR R SORL A5 BILAK 7% 5 1) BT
BR% (P<0.05) o A LTS MF T 45 R 15 4 04255
ARSI I LS R AR o X 150 B R0 - 48 P R
TR - BSR4 1 S TTER AR . ABIE ST BN R 1
- KUK - B8 AT SR AR R A I TR, SR Ry
PR E - T S0 ORI SR A4 He A5 388 o, i DRt
7 A SR A - AT AU A ELAT [V T, DA H: BTk 3
Tt B+ B B A TR A 2 52 e L DTk R
(AR AR T iE— 25 I RIESE .

3 #ig

WA PR RRER R B SRR (LB 32T} 25 mm 11 5-8 mm KL 0 -
CK 34.53 10.39 0.66 26.69 3.40 . wr
P, 26.97 12.04 0.69 58.85 360 B R EE, 1~2.0.5~1,0.25~0.5 mm 1<0.25 mm
b e s e e s R - 8P B KA T R TR 2
P, 3226 1066 067 2962 338 B AR GMD R MWD {H , - 48 P 5 A B 1k 38
%4 HESHHAREN HEENBRANTRS NS S BOTRE (%)
Table 4 The contribution rate of soil SOC and POC content at different levels of soil aggregate (% )
T e VA 2R AR A% 71 ] /mm
5~8 2~5 1~2 0.5~1 0.25~0.5 <0.25

A Pk BT kR CK 14.66+2.24a 33.84+4.64a 15.97+1.00a 11.17+0.40a 7.28+4.21a 13.97+2.65a

P 14.94+0.78a 37.12+6.05a 19.06x1.37a 11.98+0.59a 6.76+0.27a 8.66+0.39b

P, 19.61+8.96a 35.52+8.60a 19.91+4.61a 11.82+5.15a 5.09+0.02h 7.92+2.11b

P; 23.98+4.63a 42.05+5.35a 18.18+2.37a 8.25+0.76a 2.70+0.60c 3.12+0.09¢

TR ASAT HLBR TR CK 15.30+0.98a 31.45:2.04a 16.57+2.41a 10.80+1.37a 7.92+1.31a 12.16+4.29a

P, 17.02+7.23a 32.58+4.18a 18.69+9.67a 12.03+2.31a 7.69+1.89a 7.56+0.37ab

P, 18.95+5.07a 37.96+7.04a 16.39+0.71a 10.04+0.19ab 6.60+0.59a 7.78+0.69ab

P; 26.37+6.77a 38.72+4.86a 17.41+0.95a 7.81x1.31b 2.88+0.07h 3.55+0.45b
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e

(2) oA WLt & a2 I 1 A B g 3
I B TR 5 RO L, Py A B2 A AT MLAR
TR 65.41% (P<0.05) o T 45 R A2 1A 5 {4 v ks
DA MU TR, BRI T 11.64%.

(3)FIFH LA RAE K B, B0 = ok T 38 L
e B RE A B (AR S el B A ML B RE A R &2
BE2E 1 RE A & PR AIG , i ks LB 28 S 28 1y R A
SR TR 05 B AR O B AR Py R B, P, A Py AL
PRA L R

(4) Bz i + 32 %8 T 5~8 mm Al 2~5 mm i f2
- 458 SR LR AN SURL A LA 1Y) 5T R (P>0.05)
FAK T 0.25~0.5 mm F1<0.25 mm 4742 1 58 A kA
HLIK TTRR % (P<0.05)

S 3Lk -

(1] B, SR, B 2208, 45 N [RIBEAE RIS 0T 398 b 2R 147y

At MAEVERGEE ML) K - ORF527 41, 2010, 24(1) :252-256.
YANG Ru-ping, GUO Xian—shi, LU Jun—feng, et al. Effects of distribu-
tion and stability on soil aggregate in different patterns of tillage and
cropping[J]. Journal of Soil and Water Conservation, 2010, 24(1) :252—
256.

[2] B B0, XUAE, kR . e SRR AIE L5 23 R el 4B
7 BRI K PREEAR, 2003, 17(6) :163-166.

ZHAO Jing—kao, LIU Zuo—xin, HAN Yong—jun. Review on formation
and dispersion of aggregates and their application in agriculture[]J].
Journal of Soil and Water Conservation, 2003, 17(6) : 163-166.

[3] Lal R. Physical management of soils of the tropics: Priorities for the
21st century[J]. Soil Science, 2000, 165(3) : 191-207.

[4] Bronick C J, Lal R. Soil structure and management : A review[]]. Geoder-
ma, 2005, 124(1):3-22.

[5] Tisdall J] M, Oades J M. The effect of crop rotation on aggregation in a
red—brown earth[J]. Australian Journal of Soil Research, 1980, 18(4) :
423-433.

(6] Ztate, i AR, SRATEE, 45 AMIE SR IR IR U B R 0
BEATRARRISE L. PR, 2012, 33(3):952-957.

MO Yan-hua, TANG Jia, ZHANG Ren—duo, et al. Impact of microbial
aggregating agents on soil aggregate stability under addition of exoge-
nous nutrients[J]. Environmental Science, 2012, 33(3):952-957.

[7] Cambardella C A, Elliott E T. Particulate soil organic—matter changes
across a grassland cultivation sequence[J]. Soil Science Society of Ameri-
ca Journal, 2007, 56(3) :777-783.

[8] Christensen B T. Physical fractionation of soil and organic matter in pri-
mary particle size and density separates|J]. Springer New York, 1992,
20:1-90.

(9] LA UL . oA i L R A 590 1) il 2 S A JRE K AR B e 9 13 D). T
M P R B N St Bk A 24 BE 5T, 2005.

NIE Jin—xu. Modified bentonite absorbent preparation and application

in wastewater treatment[D]. Guangzhou : Guangzhou Institute of Geo-
chemistry, 2005.

[10] BHLL35F, &K & . 90 e whope B 0 F 52 00, JEHLEE Tl
2011, 43(10):5-8.

HAN Hong—qing, ZHU Yue. Study on modification and application of
bentonite[J]. Inorganic Chemicals Industry, 2011, 43(10) : 5-8.

[11] Hicham Z, Danie B, Ouafae A, et al. A comparative study of the ad-
sorption and desorption of o—xylene onto bentonite clay and alumina
[J]. Journal of Hazardous Materials, 2008, 153(1) : 852-859.

[12] £ bk, 28 W, AR, 45 T DA T G 33 b 1) 9 BEL s ki
PAEZ BT R FRFERL A4, 2014, 33(11):2111-2117.
WANG Lin, QIN Xu, XU Ying—ming, et al. Phytoexclusion and in—si-
tu immobilization of cadmium in vegetable field in sewage irrigation
region[J]. Journal of Agro—Environment Science, 2014, 33(11):2111-
2117.

[13] Z2ple, PRI, B bk, 45 RORRE LIRS BRIE XA H 38w i

15 G IO Bl AR A8 52 RON IF SR (D). BREERL 2 27 4z, 2011, 31(5) -
1011-1018.
LIANG Xue—feng, XU Ying—ming, WANG Lin, et al. In—situ immobi-
lization of cadmium and lead in a contaminated agricultural field by
adding natural clays conbined with phosphate fertilizer{J]. Acta Scienti-
ae Circumstantiae, 2011, 31(5):1011-1018.

[14] 5 S5, IRIH, A0, S5 . T L X A b T KRR 4y i AR AR
AR M) A2 SRR 4R, 2012, 28(6) :687-693.
SHI Xin, XU Ying-ming, XIE Zhong-lei, et al. Effects of bentonite on
physiological and biochemical characteristics of rice seedlings under
Cd stress[J]. Journal of Ecology and Rural Environment, 2012, 28(6) :
687-693.

(1514 5, 5658 5, B B, 45 1l i b DOAN [ L st ) T D 20 28

A BRI FH - P SRR R S . K AR ERRITSE, 2017, 24
(4):174-181.
LI Juan, HAN Ji—chang, CHEN Chao, et al. Effects of different land
use patterns on characteristics of soil aggregates under vacancy village
renovation in hilly areas[J]. Research of Soil and Water Conservation,
2017, 24(4):174-181.

[16] R, 7 dbfh . RIS REE SR AR B A1~ L TR D IR 15 e A

HLEKRIL. =1L, 2012, 39(1) :39-42.
CHEN Dian-bo, LU Jian—wei. Low—temperature external-heat potas-
sium dichromate oxidation—photo—colorimetric method for determina-
tion of organic carbon in dewatering sludge[J]. Yunnan Chemical Tech-
nology, 2012, 39(1) :39-42.

[17) W1, Bl B, #h b SR A AL A3 20 R i Ty k(). AR
T, 2012, 28(5) :18-22.

HU Hai-qing, LU Xin, SUN Long. Research review on soil active or-
ganic carbon fractionation and analytical methods|J]. Forest Engineer-
ing, 2012, 28(5):18-22.

[18] ERFIHE, 5K24 5, 5kt 2 . 8 4 g I WA L S SR (A o 5
B3 AIL)]. A2 A4, 2006, 26(2) :364-372.

QIU Li-ping, ZHANG Xing-chang, ZHANG Jin-ai. Distribution of
nutrients and enzymes in Loess Plateau soil aggregates after long—term

fertilization[J]. Acta Ecologica Sinica, 2006, 26(2) :364-372.



EA S A S P SRS R B BB OB 2709

[19] 5 KUIT, FBLC 55, 4% dixit, 45 . PAMOXF - e R EIR LA B K 4343 i
HREI)]. Al T AR, 2010, 26(4) :70-74.

HAN Feng-peng, ZHENG Ji-yong, LI Zhan—bin, et al. Effect of PAM
on soil physical properties and water distribution[J]. Transactions of
the CSAE, 2010, 26(4) : 70-74.

[20] B EE M, Bl 0, faf a2, S5 . 4 0 N X i VLA FH 13 1A 5% 1A &%

HA BRI AT LA, 2015, 52(4) :828-838.
MAO Xia-li, LU Kou—ping, HE Li—zhi, et al. Effect of long—term fer-
tilizer application on distribution of aggregates and aggregate—associat-
ed organic carbon in paddy soil[J]. Acta Pedologica Sinica, 2015, 52
(4):828-838.

[21] Liu X H, Feng P H, Zhang X C. Effect of biochar on soil aggregates in
the Loess Plateau: Results from incubation experiments.[]]. Interna-
tional Journal of Agriculture & Biology, 2012, 14(6) :975-979.

[22] Krull E S, Swanston C W, Skjemstad J O, et al. Importance of charcoal
in determining the age and chemistry of organic carbon in surface soils
[J]. Journal of Geophysical Research, 2006, 123(1):1-2.

[23] Zwieten L V, Kimber S, Morris S, et al. Effects of biochar from slow
pyrolysis of papermill waste on agronomic performance and soil fertili-
ty[J]. Plant & Soil, 2010, 327(1/2) :235-246.

[24] L gam, kUM, M B8, S L KRR AT A HH S A M- DA L

K Fa V1B 3R A 43 A B B M2 R (D). FREE R4 24 4R, 2016, 36
(5):1833-1840.
AN Wan-li, GAO Deng-zhou, PAN Ting, et al. Effect of rice straw re-
turning on paddy soil water—stable aggregate distribution and stability
in the paddy field of Fuzhou plain[J]. Acta Scientiae Circumstantiae,
2016, 36(5) : 1833-1840.

[25] 5% M5, BEAESE, £ 4, 5 AATIC HXS TR T R X LS
RURFFERZIRL)]. H E AL RH, 2012, 45(8) £ 1513-1520.
ZHANG Peng, JIA Zhi—kuan, WANG Wei, et al. Effects of straw re-
turning on characteristics of soil aggregates in semi-arid areas in
southern Ningxia of Chinal]]. Scientia Agricultura Sinica, 2012, 45
(8):1513-1520.

[26] MEANER, ERRLL, JH 57, 45 U IAE 4 50 2R S o £ At R AR

G5ZIR[J]. -3, 2012, 44(1) :62-66.
YE Li~li, WANG Cui-hong, ZHOU Hu, et al. Effects of rice straw—de-
rived biochar addition on soil structure stability of an ultisol[J]. Soils,
2012, 44(1) : 62-66.

[27] Lynch J M, Bragg E. Microorganisms and soil aggregate stability[M].
New York:Springer, 1985:133-171.

(28] 2% Wb, SRENG, JUAFBH, 45 . 4 A B AR S AR W AR R ST
[J]. AEZSFREE 224, 2013, 22(9) : 1625-1632.

LI Na, HAN Xiao-zeng, YOU Meng—-yang, et al. Research review on
soil aggregates and microbes|]J|. Ecology and Environmental Sciences,
2013, 22(9):1625-1632.

[20] R, 245 K, RXNIR, 55 AW 5 RS FEUS IR 22 8 4 1A 2R
PR BRI LB 23 A3 B 52 Wi D], 7 [l B2, 2015, 48 (4)
705-712.

HOU Xiao—na, LI Hui, ZHU Liu-bing, et al. Effects of biochar and
straw additions on lime concretion black soil aggregate composition

and organic carbon distribution[]]. Scientia Agricultura Sinica, 2015,

48(4):705-712.

[30] E X, 2= il B ke, 45 R AERE AT A T BUR 5 34 H O 7 43
WEFE AR R4 R (A AR, 2014, 45(2) :310-315.
WANG Shuang—lei, LI Jin—pu, ZHAO Hong-liang, et al. Research
and analysis on the present utilization situation and counters—field po-
tent iality of cotton straw[]]. Journal of Shandong Agricultural Univer-
sity (Natural Science Edition ), 2014, 45(2) :310-315.

(3] AR, 220, S50 RE, 55 . AR 00r 3384 AL 1 52 I 71,
Ol PR RLE2E4R, 2008, 27(2) :622-626.

SONG Ming—wei, LI Ai-zong, CAI Li—qun, et al. Effects of different
tillage methods on soil organic carbon pool[J]. Journal of Agro—Envi-
ronment Science, 2008, 27(2) :622-626.

[32] Elliott E T. Aggregate structure and carbon, nitrogen, and phosphorus
in native and cultivated soils[J]. Soil Science Society of America Jour-
nal, 1986, 50(3) :627-633.

[33] Six J, Elliott E T, Paustian K. Soil macroaggregate turnover and micro-
aggregate formation: A mechanism for C sequestration under no-tillage
agriculture[J]. Soil Biology & Biochemistry, 2000, 32(14):2099-2103.

[34] RS, TR R, & . FR I F AR 25 R SRR i Rk 7
[J1. 4 A 2524401, 2000, 24(5) :518-522.

ZHOU Yu-rong, YU Zhen—liang, ZHAO Shi-dong. Carbon storage
and budget of major Chinese forest types[J]. Acta Phytoecologica Sini-
ca, 2000, 24(5) :518-522.

[35] 4 ok, Re/hEE, FUREE, 4F BB IR AL A N AR L

SEATHLRRAL ST OS] A2 2552475, 2018, 37(1) :82-88.
LI Bin, CHENG Xiao—qin, WANG Luo—xin, et al. Effects of simulated
sulfur deposition on soil organic carbon fractions in Larix principis —
ruppechtii plantation in North ChinalJ]. Chinese Journal of Ecology,
2018,37(1):82-88.

[36] BHIIL, 17 £k, HEALEE . L HEAT R AR SIURLAT ML XS L st A 22 1
AN D], K LR FE2AAE, 2011, 25(4) - 188-191.

MAO Yan-ling, YANG Yu-sheng, CUI Ji—chao. Response of land use
on soil particulate organic carbon in aggregates|J]. Journal of Soil
and Water Conservation, 2011, 25(4) : 188-191.

[37)4% g, LR, B i, &% N ) A5 4R S O R AR B SR A

o A LI E BRI AL[)). Sl 5 0EE 0, 2011, 31(12)
3245-3250.
LI Ting, ZHAO Shi—wei, MA Shuai, et al. Study of soil organic carbon
structural change of fallowing grasslands by synchrotron radiation
spectrum technology[J]. Spectroscopy and Spectral Analysis, 2011, 31
(12):3245-3250.

[38] Dawwit S, Johannes L, James K, et al. Long—term impacts of anthropo-
genic perturbations on dynamics and speciation of organic carbon in
tropical forest and subtropical grassland ecosystems[J]. Global
Change Biology, 2010, 13(2) :511-530.

[39] Mao J, DAN C O, Fang X, et al. Influence of animal manure applica-
tion on the chemical structures of soil organic matter as investigated
by advanced solid-state NMR and FT-IR spectroscopy|J]. Geoderma,
2008, 146(1):353-362.

[40] AT FR, T/NFS, 2088, 45 . S [RDIR HE ) 95 i) LR ) B e d) 3l
ML K FEA 53 (0 55 00 < XoF - 3905 P A LA 64 52 R[], BRI L 272



2710

VRIEIN ity F3755 12

2017, 38(1):333-342.

ZHAO Shi—xiang, YU Xiao—ling, LI Zhong—hui, et al. Effects of bio-
char pyrolyzed at varying temperatures on soil organic carbon and its
components: Influence on the soil active organic carbon[]J]. Environ-
metal Science, 2017, 38(1) :333-342.

[41] Martin D, Srivastava P C, Ghosh D, et al. Characteristics of humic sub-
stances in cultivated and natural forest soils of Sikkim[J]. Geoderma,
1998, 84(4) :345-362.

4213 SCOMERRL A L SF . B AN R RS R o6 A L0
APUBRZLAMDGEFEAEN]. PO, 2013, 46(11) :2257-2264.
PENG Yi, XIE Hong—tu, LI Jun, et al. Effect of no—tillage with differ-
ent stalk mulching on soil organic carbon and mid—infrared spectral
characteristics[J]. Scientia Agricultura Sinica, 2013, 46 (11) : 2257-
2264.

[43] FEHE ], 835, IUBUHT, 55 . S ALR AR X LK R A R AL BL
BRIK 0 A1 SR 7K LR A1, 2014, 34(2) :15-19.

REN Ya-ge, MA Ling-ling, CHENG Hang—xin, et al. Distribution

and composition of organic carbon in water stable aggregates in typical
arable cinnamon soil[J]. Bulletin of Soil and Water Conservation, 2014,
34(2):15-19.

[44] 2530, Wy Bl S0 S, A5 .t NE X g )1 D K g e 1 2 My

Tk B FEAT BLRK 43 A1 B9 52 W [T, +h B ik 27 2014, 47 (20) -
4007-4015.

LI Wen—jun, YANG Ji—feng, PENG Bao—fa, et al. Effects of fertiliza-
tion on aggregate characteristics and organic carbon distribution in a
paddy soil in Dongting Lake Plain of ChinalJ]. Scientia Agricultura Si-
nica, 2014, 47(20) : 4007-4015.

[45) 4% G, BRUEEIL. JE i, S wE TR X L st R TGS B A SR A

A LB RIS VAT BB FRAE B 52 )], A2 S A4, 2013, 33(7)
2147-2156.

LI Juan, LIAO Hong—kai, LONG Jian, et al. Effect of land use on the
characteristics of organic carbon and labile organic carbon in soil ag-
gregates in Karst mountain areas[J]. Acta Ecologica Sinica, 2013, 33

(7):2147-2156.



