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Effect of Adding Bentonite on Organic Carbon Accumulation in Loess Soil

ZHANG Yongqi'?, MA Donghao?, XIE Yue®, HUO Yawen?, YANG Xi**, ZHANG Jiabao"*"

(1 College of Resources and Environment, Shanxi Agricultural University, Jinzhong, Shanxi 030801, China; 2 Key Laboratory
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Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China; 4 College of Land and Environment, Shenyang
Agricultural University, Shenyang 110866, China)

Abstract: The effects of bentonite addition on accumulation of organic carbon in loessal soil were investigated through a potting
experiment, in which two different treatment modes including single application of different organic materials and combined
application of bentonite and organic materials were set. The results showed that: 1) Compared with CK, straw returned to field (S),
application of organic fertilizer (O), combined application of straw + organic fertilizer (SO), and woody peat + bio-stimulant (WE)
treatments could significantly increase the soil organic carbon content by 14.0%, 30.5%, 23.9% and 30.8%, respectively, and the
increase of organic carbon could be further increased to 14.8% (BS), 35.1% (BO), 26.2% (BSO) and 31.8% (BWE) after 0.2%
bentonite (B) was applied. 2) The bentonite added straw returning to field (BS) treatment and straw returned to field with organic
fertilizer (BSO) treatment were more effective than CK treatment in increasing the mass fraction of large aggregates (>0.25 mm)
by 7.8% and 8.3% respectively, and thus increasing the mean weight diameter (MWD) and geometric mean diameter (GWD) of
soil aggregates, and enhancing the physical protection of organic carbon. 3) The addition of bentonite could enhance the content

of mineral-associated organic carbon (MAOC), which was 20.6%, 28.2%, 9.4%, 9.6% and 1.4% higher in B, BS, BO, BSO and
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BWE treatments compared with CK, S, O, SO and WE treatments, respectively. And the content of particulate organic carbon
(POC) could be enhanced by the application of organic fertilizer, of which the BO and BSO treatments could enhance the content
of particulate organic carbon (POC). The BO and BSO treatments enhanced the POC content by 16.9% and 11.7% over the O and
SO treatment, respectively. 4) The addition of bentonite could improve the soil carbon sequestration rate by increasing soil
mineral binding carbon saturation capacity and reduced soil carbon saturation deficit. In addition, random forest analysis found
that calcium carbonate is the main driver of organic carbon saturation deficit in alkaline calcareous soils, and the addition of
bentonite is beneficial to alleviate the negative effect of calcium carbonate on organic matter accumulation. In conclusion, the
addition of bentonite can improve soil structure and promote the accumulation of soil organic carbon in arid and semi-arid
regions.

Key words: Alkaline calcareous soil; Arid and semi-arid regions; Land productivity improvement; Soil organic carbon; Soil

aggregates
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GEURVE ) ST IZ R AT T AR B 2P rvE )
FET i)™ s o o)™ F s A SR 52—
A H NFR b SR T, S R A A ML B4 A —
AP R ENEAR T, OG- A AL BT,
2 A SRR EE S R, A PR R
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SRR —A 12U ik, ARSI A
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PR BCTE P Ak BEAR X, BRITIIE - A5 nox g 4 A7
BB B R A 20 SR, LK 43 MAOC He K
FNES B SR 75 BRRAE , LAY SA i 5 5+ e i [ 4
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1 #RERE
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HHLEKE 3.16 ghkg, 4A 0.1 ghkg, AW 12.2 mg/kg,
M 23.1 mg/kg, BRIRES 59.53 g/kg. PRI £ |
AP . RAP R . AV RIS
INEREFE L AU . ARA e e 5 4 i R I 2/
BN 7.3, 243, 6.0 F12.0 g/kg; A HLEK S84
Wk 420.0., 299.6. 416.0 F1268.9 g/kg. At/
oSG T 13,
1.2 Rt

AR T 2022 4F 2—7 AbAT, TULAEA
T FEMAARR G IR, kT — o84, Bim s
PO IR 2 P o K F TR)R A 1) 3 KT I B 2 A R AT 4
FRARAE, 11 2 mm G MR A5 & . iR E I E 10
AL HER ), AR 3 KR AR 22 om,
WAL 18 cm, TIEZAHH 1.3 g/em’, Zlif5FFb M40 B
FIRE AT I A R 1Y 1%, HAAbH 2 B 4l A
i FE A B PR VAR N S A T A e b B, 55 A Tt A
HOREFFA I B A 0.5%, AWK 4
Yook R 2 0 1 SR TICHE, R R 4
1Y 0.2%. A0 PRAEREFHET A6 AL (N 0.15 g/kg,
P 0.30 gikg, K 0.45 g/kg, HPRNMNIRE, BEIEN
BERR S 8k, BRAC A UALBE), I3 il FE BC B 4 Ay ik
B A R 13 BRI AR o R I R
FAMK, ] 3 KR H IR K R 70%. 14
FEA AR AR 5 E AR 2022 4E 7 H/NEZWOR)E 317,
—HrEREARKT G, T 2 mm 0, AR MR
WSE 5 — B3 IR = AR AR BB &, W AR
SERPER/INE, RBRAEYIAR IR A 5, 3 8 mm i
AT, HFRIRERS T

£1 AW R KD

Table 1 Treatments and codes of test
JOBL ez bust e
25 M IR CK i L B
INEREFFIE T S JE 1 A=+ N R A BS
Jit FHA LA o g -+t A AL BO
INEFEFF L H+ SO gl -+ N ERFEH+  BSO

AHLAL AL
AAPE s+ WE i L+ AR P+ BWE
W il

1.3 MEmMHESAHZX

1 PR SR AR A 43 120 1 el O e 4
F RS N 4 ARGL(>2. 0.25 ~ 2, 0.053 ~ 0.25,
<0.053 mm); SRIFFEARAG A P ERE A TR,
Frdie BRARL A RAK T 3 B L 100 g 4 PR
FHIR -2 O A% >0.25. 0.053 ~ 0.25, 0.002 ~

0.053,<0.002 mm 434 4 ANKFEPERIS, 7E 60 C T
VAR REY EN IR RV Nk R A SIZI b S UNG IS = @

- E OB 2SG HLER (POC) . B M 45 & AT MUK
(MAOC)# 43l 5E 5% Cambardella 1 Elliott!? 4z i
77 ¥ FREL 10.00 g 1 2 mm B9 KT + T 100 mL
BLLAET, A 5% BN BERREN 50 mL, ZEHRGHL
4%3% 18 h(180 r/min), T W HPE = 0.053 mm
A L (o N I AR LT ), TR
BFHE&T, BT LR ER s, —F
16 60 C TR, Lk M r 4158 MAOC 4
gy, Ui BRI  POC 457,

e E AR R . 4+ POC 4143,
MAOC 4145 B 45 oK Rtk A R A rhoAg AL % 12 R
o i AN B TR A AR A2 VAN R 5 pH R FH FAR 7
W5 5 4 AR LI RO s A 80wk H
0.5 mol/L NaHCO; 24— 4H%AHT Hb vkl e 5 s
K O REER - IR R A 5 IRFRES R A =
PE 5 ASH AR ] ICP-OES A A& .

1.4 HFELESSZITHH

IR R AR i e Pk FH P Y B AR (MWD,
mm) AL E AR (GWD, mm)EAEP, HH5RA
/(I

MWD:ixiwi Zn:wi (1)

GMD=exp (i w; Inx; Zn: w; ] 2)

AP o W 0 GUKRRPEPTIRIRF 1 H AR (mm); w,
N | PORFEMER R A BT 708 %)
25 G AT R A P AT LB X 4 AT HILBR Y TTHK 3R
AR BEATH
W SR A A AL BT (%)=
AR W XR R R | o
T AT

3)
AR T BT T Six PRIk, R

VAT A0 75

C.. =021x+14.76 )
C. =026x+55 (5)
Csd =100- Ccur/cmax x100 (6)

A Coa I HIEBRIGRIE (2/kg), x N MAOC #1743
(<0.053 mm) 4 T3 E(%) s Cour 924 THT MAOC 54
(g/kg); Csa NEIERRIAIZ 5(%) AXN@OFHTLLI2 1 1
RME+T YN EM L, AXGHTL: 1 BE+
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f#i ] Excel 2019 XAl Origin 2021 #A4E%F 45045
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2 HEREHSW

21 TEFV®RESE
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Ab B Y AT G R T A ML B, B S A
14.0%. 30.5%. 23.9%. 30.8%; [ZiE+ 5608
B BS. BO. BSO. BWE AbBE A MR &>
M ERTE T 14.8%. 35.1%. 26.2%. 31.8%. S5
IS MBEEE %) 5 FhALBEAR LL , BB £ AT HLA R
AL PN [ FE B AR T T I LR &, AT
S. O. SO, WE 43, #nigid +)5, AHLRTE BS.
BO. BSO. BWE 4Zb# T A9 B & T 5.2%.
15.1%. 9.3%. 3.1%.
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6F de d
ef
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N
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Fig. 1 Soil organic carbon contents under different treatments
22 TEBAREHRZESHNREGE
IR 2 nlA, A ALYRL I S HLR
TC G P oA [ A PG ST 39K R PSR4 ) 28
I EES . RIARMK>0.25 mm)f:45-4b 1 b 115
VA SR IAH) foe L RER 2, AT DL T H s
SrECR 64.12% ~ 69.13%, B L 5 A WL RHIC TR
XTI 66.37% ~ 70.18%. 5 CK AbHAH

[, SISO AFHAT DL 4 S >0.25 mm Aifs 1315
VSRR T B 508, TR N 6.3% F16.7%; BS 4bFH G
F R R BIBAK(>0.25 mm) Y 45, BiE N
7.8%, BSO Ab i} 24 = K AT R 4K (>0.25 mm) L) K ik
R 1R (<0.002 mm) A BTt 7340, BG4 510 8.3% .
38.5%; B. BO Fl BWE AbFHXT >0.25 mm i 2 415
MR B R R AR B B E KO, B ERE T
<0.002 mm 7 2 P A BT 43, 3G R 43 501 Ry 64.5%
47.7% F1 43.0%.
F2 TIEKFEMERABRIKREEMN LG

Table 2 Mass proportions of water-stable aggregates under different
treatments

fb ¥ IKERE AT R BT 4435 (%)
>0.25 mm 0.053 ~ 0.002 ~ <0.002 mm
0.25 mm 0.053 mm
CK 64.80 be 30.91 ab 3.82a 0.47 cd
S 68.85 ab 27.25 bed 348 a 0.42d
(0) 64.12 ¢ 3227a 3.05a 0.56 bed
SO 69.13 a 27.53 bed 2.74 a 0.60 be
WE 65.95 abe 30.55 abc 2.92a 0.57 bed
B 68.45 ab 27.15 c¢d 3.62a 0.77 a
BS 69.83 a 26.24d 331a 0.63 abc
BO 66.37 abc 29.87 abed 3.07a 0.69 ab
BSO 70.18 a 26.16d 282a 0.65 ab
BWE 66.72 abc 29.11 abed 3.50a 0.67 ab

T R SVEAE G AN R/ING SR R AN R A B ) 25 5 o) 2
(P<0.05).,

A BEXT A R KA EFEFR(MWD . GMD)f#) 5%
WA 2 Fis, B+ S5A YR EER T B
MWD fH 55 F HitiA HL MR . 5 CK B L,
BS. BSO 4bFHY B EH N T MWD {H. 7¢ BSO #Zb#
T MWD {EkF R K, N 2.94, ANFEALEHETR KFa: A
BIKR GMD ZBfE S MWD A —3, BS, BSO
A3 ] P R GWD H, BSO 43 F GWD {i %
B, N 142,

23 TEREASENBRSERSRAREEN

A 3 AT, PRt HLRE . I 1 S5 A ALk
il P A b BEAS X S AN R R 42 55 T POC 5 MAOC
S, 5 CK A, O, SO, WE AbF Al DL
FHRTE POC &5 MAOC &4, 314351k 39.8% .
34.7%. 62.6% F124.9%. 18.4%. 23.1%; {EiEFHA
HLAE(O F1 SOYWIENL T, BUiifziE 1-(BO F1 BSO)AJ
¥ POC pysth it — L3R5 16.9% 1 11.7%;{H 2,
B S INBWE)Y A& i — 2 M3% WE 4HERY POC
PEFRR, PR RSFTIA H(S)XT POC Fl MAOC Y
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Fig. 2 Stability parameters of water-stable aggregates under different treatments
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Fig. 3 POC and MAOC contents under different treatments

BTRCRARA B3, BT WE LB, I3 + i e B
A AL ERR KRR AR S T MAOC R9$EFt. ML T
ABIEE R CK. S, O, SO fil WE 4b#, B,
BS. BO. BSO Al BWE 4bHf) MAOC 43334/ T
20.6%. 28.2%. 9.4%. 9.6% £l 1.4%.

HH 2 3 AL, A HLYRERT R E A A S s e 4]
R VLR DTBR A o 5 A0 B AT HLEk 2 A A
>0.25 mm B R AR A, <0.002 mm K RAEF 57
BRI, (HARXS B i . 5 CK AREEARLL, #sm
R LT LIRS >0.25 mm KPR <0.002 mm
A BRI WL 5Tk %, B, BS. BO. BSO, BWE
PR >0.25 mm K E SRR B 5T R 18 23501
H2.4%. 9.8%. 4.8%. 14.8%. 4.4%; <0.002 mm
H R ARA LR TTIER 20000 R 16.5% . 17.4%. 19.2%.
7.2%. 8.5%. SAUINEIE 43S, O, SO. WE)
AHEE, BANEZE A P EHE B (BS . BO. BSO.

BWE) 3 51% >0.25 mm 3P BAKAT B 5Tk 3 42
T 44%. 49%. 9.9%. 5.0%.,
*3 TESEABRGN LT ENBROTRHKE

Table 3 Contribution rates of aggregates with different sizes to total
soil organic carbon

Qb AN R KA AT B A A ALK DR (%)
>0.25 mm 0.053 ~ 0.002 ~ <0.002 mm
0.25 mm 0.053 mm

CK 58.60 b 3231a 321a 1.24a
S 61.66 ab 27.87 ab 2.93 ab 1.45a
(0) 58.57b 28.43 ab 2.70 ab 1.27a
SO 61.20 ab 26.22 be 2.15b 1.29a
WE 58.27b 28.07 ab 2.64 ab 1.30 a
B 60.01 ab 26.66 be 2.88 ab 144 a
BS 64.36 ab 25.22 be 2.29 ab 145a
BO 61.43 ab 24.61 be 2.59 ab 1.48a
BSO 67.25a 22.28¢ 2.40 ab 133 a
BWE 61.17 ab 28.46 ab 3.12 ab 1.34a

24 TEROBMSHRBUERSEZEEEN

Hi &l 4 W, SROEAT HLAYRL . R + S5 MLk
TAC it 4 e Ak B S5 N [ R B R AR T - A e f A =
B, 5 CK ARFRA L, Hiia AL AR R BR S
LEFRSN, O, SO, WE b I 2 FAR 1 3804t A
T, BRSO 3.9%. 2.9%. 3.6%, IiiiRInIEE
A DL R R SRR AIG T R N T e,
BS.BO.BSO.BWE & T/l T 4.8%. 5.8%.
4.7%. 3.9%. SHHEAHYEMEHES. O, SO, WE)
AL, BSHIE AL EKEEE(BS . BO. BSO.
BWE)YRFR T 3t fn =, BI85 314 4.5% .
1.9%. 1.8%. 0.3%. iid Pearson AHZH4HT(E 5)
AL, BRSO, A B SRR i R B
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Fig. 4 Soil carbon saturations and deficits under different treatment
methods
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Fig. 5 Relative importance of factors affecting change of soil
carbon saturation and deficit
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