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Effects of intercropping regimes on soil aggregate composition and their organic carbon content in an oasis
area of northwest China
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Abstract: Intercropping is beneficial in increasing crop yield and improving resource utilization efficiency. However, there is still
controversy on the effect of intercropping regimes on soil organic carbon (SOC). Therefore, clarifying the rules of soil aggregates and their
SOC variations under different intercropping regimes can provide a theoretical basis for exploring the carbon sequestration mechanism of

intercropping. This study was based on the field experiment of different intercropping regimes located in Wuwei, Gansu Province since
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2016. There were seven treatments, including sole maize (M), sole pea(P), sole rape(R), sole wheat (W), maize/pea intercropping (M/P),

maize/rape intercropping(M/R), and maize/wheat intercropping (M/W). Soil samples of 0~20 cm and 20~40 cm layers were collected after
harvesting in October 2019. Then, soil aggregates and their SOC content under different intercropping regimes were analyzed. Intercropping
indicated an increasing trend in the content of soil water stability macroaggregates (>0.25 mm) and micro—aggregates(0.053~0.25 mm) but
a decreasing trend in the content of silt and clay (<0.053mm). Compared with the M treatment, the M/W and M/R treatments significantly
increased the mean weight diameter(MWD) and geometric mean diameter(GMD) of soil aggregates in 0~20 cm and 20~40 cm soil layers.
There was no significant difference in the MWD and GMD between M/P and M treatments. Intercropping regimes increased the organic
carbon contents of soil and soil aggregates. The SOC content of the M/W treatment was 11.5% higher than that of the M treatment in the
0~20 c¢m soil depth. The M/R and M/W treatments increased the SOC content by 4.3% and 9.6% in the 20~40 c¢m soil depth compared with
the M treatment, respectively. The M/W treatment significantly increased the SOC storage. In the 0~40 cm soil depth, the SOC storage of
the M/W treatment was significantly higher than that of the M treatment by 10.2%. The increase of the SOC storage in the M/W treatment
depended on the improvement of the SOC storage in the soil aggregates of >0.25 mm and 0.053~0.25 mm in the 0~40 c¢m soil layer. The

intercropping systems increased the stability of soil aggregates and SOC content in the northwest oasis irrigation area, which was conducive

to promoting soil carbon sequestration in the farmland.

Keywords: oasis irrigation area; intercropping; soil aggregates; soil organic carbon; maize; pea; rape; wheat
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Table 1 Soil physical and chemical properties in 0~40 cm depth

- HERE R A LA < Bu ¢ A
Soil de lhzm Bulk density/ pH Soil organic carbon/ Total nitrogen/ Available phosphorus/ Available potassium/
P (geem™) (g-kg™") (g-kg™) (mg-kg™") (mg-kg™)
0~20 1.42 7.4 7.2 0.86 29.0 179.4
20~40 1.51 7.7 6.8 0.73 23.1 127.0
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intercropping. Different lowercase letters indicate significant differences at the P<0.05 level. The same below
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Figure 1 The particle size classification of soil aggregates under different intercropping patterns
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B i £ L MAR 3L 25 45 1 11.0% , 11 M/P 1 M/R Ab
FH0~20 em - HEA HLARAE 1 5 A0 N HLAE AL 3 TC
F 25 (P>0.05) . M/W &b FHA LA i i 8 i 3 2
J& T 0.053~0.25 mm = 3 R R HLIKGif 2 17 38
I, ZEASR B o, M/W &b 38 0~20 em 1 )2 0.053~0.25
mm 3 J K BL AR GF B L MOAb 3 A
105.4%(P<0.05) ., 7E£20~40 cm )2 ,M/P . M/R FI M/W
b B A HEAE HLAR fifh 5 55 R 0 FRLVE A BRSO B 3K 25 S
(P>0.05) , {2 M/W F1 M/R 4b ¥ >0.25 mm 3 [ B {4
A BB A ek L M A PR o 2 4 5 87.6% F1159.3%

TE 0~40 cm 12, M/W b B + BEH HLak i 5
M 4b FEAH He 2 B 5 10.2% , 1 M/P AT M/R 4k FE 0~40
em 3G HLIR B 1 A N PRVE AL BRI T B A
(P>0.05), M/W /&b 3>0.25 mm #10.053~0.25 mm +:
8 A1 R ARAT MLAR At 2t 43 531 bE M Ah 381 4 2 4 /55 55.5%
156.8%, 1M <0.053 mm -+ 38 A1 AR AT HLAR it 1 0] 5
M 4b G i 2 75 5 (P>0.05) s M/R 4 F>0.25 mm + 3

R ARA HUR B 5 L M AL B 2 4R R 39.1% (P<
0.05) , 1M 0.053~0.25 mm #1<0.053 mm -1 1 A1 A F
BLAR A 52 0] 55 MAR 33T I 25 22 5 (P>0.05) s M/P b B8
>0.25.0.053~0.25 mm F1<0.053 mm 3 [ & (& A #L
B fiti it 55 MO B G 3 22 5% (P>0.05) .

3 g

- S SR AR A R R ) B AR BT, U L R
Y PR AR, AT & B, (R AT A
- A R AR E 2, o M/W R M/R A 0~20 em Al
20~40 cm 2 3RS H iR HAR RN U H
B RS T MAAFE(E 2) X FE T M/W FAIM/R
AR EERE NN T K AR KA R AR (50.25 mm) Filfi 41 3R
4(0.053~0.25 mm) 7% it , BEAL T i # k7 (<0.053 mm)
i (B 1) o 1) S8 A5 2VR 1 SR I S50 ) BfF 9 4 SR R A
FEH, [RIE AT L34 in - 198 A P 3R A AR 1A SR AR 11 o
Ll 4 v - A R AR E I o ARG i 13 1A SR AR
FEPE I 5 R T BB [ VRS U E AR R A ik, it
HR 7 9 28 R[] 25 F FH Al 4 48 51 25 5 TV I KORE ) )
A [l sF, R VEAE S T AS VR PRI AR &R 58
HAEF SRR R 50 WP IR R A i T v R
IR 22 0L T TR 22 53 0 22 W e L Ath A LA 5 e
T R A A SRR BE S XA A T A R AR
A g R [ B A28,

- AT HURR S SRR T B RAE, FhAE Dy X R

®2 AEEMERX T LIEAREE VMR (1-hm™)

Table 2 The organic carbon storage of soil aggregates under different intercropping patterns (t-hm™)

TR E

ZIE 7

Soil depth/em  Soil aggregates M P R W we WR M
0~20 >0.25 mm 1.94£0.56bc  1.41x0.28¢  2.88+0.49a  2.79+0.14a  2.55:02la  2.34+0.32ab  2.45:0.20ab
0.053~025mm  3.13:0.63bc  5.49£0.97a  3.10:0.74bc  4.75x1.78ab  2.15+024c  3.35:1.37bc  6.43:1.59a
<0.053 mm 16.11£0.57a  14.46x1.53a  17.53+1.14a  14.72+3.66a  16.79+0.59a  16.40+2.24a  14.62+1.02a
Bk Total storage  21.18+0.17b  21.37+0.85b  23.50+0.33a  22.25:2.02ab  21.49+0.67b  22.10+1.32ab  23.51+0.76a
20~40 >0.25 mm 177£0.65¢  1.82¢0.50c  2.92+0.54ab  2.55+0.69abc  2.18+0.20bc  2.82+0.4lab  3.32+0.40a
0.053~0.25 mm 444+133a 5542852 335:0.79a  5.61%1.50a  3.45:0.95a  4.30:0.81a  5.44x1.12a
<0.053 mm 16.96+0.34a  15.20+2.38a  18.49+0.86a  16.25+1.46a  17.08+0.84a  17.84+2.41a  16.62+3.57a
BB Total storage  23.17+0.67ab  22.56+0.16b  24.77+0.94ab  24.41+0.57ab  22.710.18ab  24.95:2.39ab  25.38+2.99a
0~40 >0.25 mm 3.71£1.02be  3.23+035¢  5.80+0.52a  5.34+0.66a  4.73x0.32ab  5.16x0.68a  5.77+0.42a
0.053~025mm  7.57+1.43bc  11.03x1.89a  6.45x1.53¢c  10.36x2.35ab  5.60+0.87c  7.65+2.17bc  11.87+2.57a
<0.053 mm 33.07+0.65ab  29.67+1.22b  36.02+0.36a  30.96x4.36h  33.87+1.29ab 34.24x4.32ab  31.24x4.12ab
BB Total storage  44.35+0.72h  43.93:0.96b  48.26+0.88a  46.66+2.29ab  44.20+0.84h  47.05+3.50ab  48.89+2.82a

T s M—F KA s P— G s RIS s W— /N2 B s M/P— K IRV B s M/R— TR IR IHSE s MYW—F K RIVE/NZE o Al AN/

B i Rn b PR E 22 53 .3 (P<0.05) 6

Note : M—sole maize ; P—sole pea; R—sole rap; W—sole wheat; M/P—maize/pea intercropping; M/R—maize/rape intercropping; M/W-—maize/wheat

intercropping. Different lowercase letters in the same row indicate significant differences at the P<0.05 level.
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B, M/W AR BE 0~20 em F120~40 em 34 ALK & &5
S HE MK B 2 R 11.5% F19.6% ,0~40 em + )2 +
BEA LA EAg i M AR ERLIE 2 4 R 10.2%, CONG 451
A BE 2 BLIEE R L 0~20 em 384 HLAR & & B 55
TR, A3 A FL R DR, — T (R VER A 2
Ay R A AR R A WL TR AL
P, (A5 5 22 114 5% B el o AR R A A 30 g —
J5 T, [ERL AN VR AR 2 0 58 BAE AR 2 4
AR, - G AR W T R IR i - SR A s
5+ A MR RS0 DI, Beabh, aIfE
B F T K B R AR TE LRGSR AR RS, T 1
B AR RS BH A5 AR 5 07 P 0L 4 AH B A T 96k
% - HE A ML 1 R A, DA 1S 0 b B AT ML AR
20 FEABESE R, M/W AL B - 358 P B8 A 44 R
BHAAMT- YU EAAY RS T MARE, B M/W 4k
P 0~40 cm 1 2>0.25 mm F10.053~0.25 mm 35 4 5
A MBS it 1 43 591 Hb AL BRI 2 1 55.5% #1156.8%,
X—45 AT ENUE T Eab W5 . M/P AT M/R 4 #E
HAY M/R b H 20~40 em 3564 HLAR 5 Fb M AL B
4.3% ,3X Al S i1 T3 A= C31EY , 5 1ok Al
o, R R AR/, S 20 A B 3 T AR Rk
el

T R ZE LA 90% 1716 T F AR b, B
& A5 G AT SR A4 A AL B St 0 T 4 7R AN [ [ 1R
T 3 LA 1) 5% i) 3 CEE R, ARHIFIE R B,
[EER IS I T - SR A L & . I, M/P Ak
F0~20 cm F1120~40 cm +)7>0.25 mm +IEF R IAA L
R G R BE S T MAIPACFE (& 4) , i M/W A 0~
20 cm 1) 0.053~0.25 mm 3 A BRI LK & 5 52
BT MALRE, H 0~20 cm #1120~40 cm 1:)2<0.053 mm 1
HHARKAIR S EBYEESTFMAH, X5
SIXHEE M A K 1A SRS ] e " RS U AR A, BRI rdin A AT
BLYI BT JEAE A ) SR 3R 43 I D VE T I 4 K 1A
RAK, ELAEBE DR A ML 50, S0 A1 SR AR 2 7 TE A%
FF: I A I SR A Py e e i Al R, T i AT SR A4 X -
AW TR VE R B8 . A SRR T 3 ML &
i HU R A SR i, 2 oK ) ) i A R /D B
. KA R AR 2 1 - A HLRR A% A7, (HX il
fift A7 2 B A T sl A 2R A2 i 1 9 ML A 1
EP XAk M/P b3 0~20 em F120~40 em 1 )2 1+
B PR & RS MO P AL FE G B 25 5 i M/W A F
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0~20 cm F120~40 em + )2 54 HLAR & & B % & T
M Ab R 25 SRR AL T S AR . i T R SRR
TE BRI, A WL AE R AT R AR N AT LUIAEAE L
A T TE A AT SR AR P FT RE IR B — A 28R,

AHI GG IR I T 440 H RS AS i 458,
X AN [ (R A X 3 A SR A AL 2 i 1) 4 1
g LN REA T Bk, SR SRR T S TR M AR g U T
HE— 5T .

4 it

(1) PG ZR P DX R AR AR A X (R OKR AR A &
KI/NFZ)BETN T 0~20 em 1 20~40 em -+ HEAK Fa Pk
AR (>0.25 mm) A A 44 (0.053~0.25 mm) (1 7
BRI T 2Rk (<0.053 mm) B

(2) T K/ 32 0 K /N 22 ] A o A =X = 3 1A
AR 34 i i EAR A3 LA AR T R OK B
ARBR K/ /INFE (B AR i A X mT LA o T 4 3
FhRy L A AR LK B, A R A PR A 1)
T, Horp 0~40 em 3G PR A Hb B K PRAE AL B
15 4.54 t-hm™, A LB i 2 A3 T 0~40 em £
J2£>0.25 mm F10.053~0.25 mm 1 3 [ B A& A DI A%
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