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E: [ B ] DHEEE R T A RRAR A RO h BA B S5 2 BB, DAIRAE W27 BE RS TR E AL 3
IFLEL, [ ek ] KIEARERN T ol AR g 5, 16T 2013 47, U KRBTSR 6 5, KEM
FOMEE 75, HF 4 MAEFE. REEKRMEE MD), EXRHA/E (MM), KEHAE (DD). #Hs (CK). 7E
2021 4F 8 H FRHMME, SRAE 0—20 cm TAEAES:, FIARHAT 441 2~1 mm. 1~0.25 mm. <0.25 mm 3 >
R AIBAA A2 48R A B A AT 2 o B A% (MWD), A48 R I B AR G WL . 2% . Wma. A
AR RN SR AL 1 B . SR IS, D 3 SRR R i E AR SRR, [4R ] 5 CK.
DD. MM 4 ¥EAH L, MD ZbBREEHERE T 2~1 mmA RIAR &8 & MWD, @RS T 2~1 mm AR EPHEHL
WA E & 1~0.25 mm, <0.25 mm I REPIM A T, MD IS T 2~1 mm Hl 1~0.25 mm H R EE
BEJK I Chaol $RECFI OTU %4, 7E 2~1 mm Al 1~0.25 mm AR, MD ABEAGHHF 1] (Basidiomycota) AHX
F-EH DD 43R T 85.7% 1 133.3%, A MM LA FI4R 5 T 194.1% F1 69.7%; 4 1# [ ] (Chytridiomycotal)
AHXS 2 MM AL BT R T 20.0% 1 333.3%., MD 4LPH 2~1 mm, 1~0.25 mm F1<0.25 mm B A HFE5E
H & (Chaetomium) A1} FEEH MM ALBR > B3 T 68.7% . 80.0% F153.2%; 2~1 mm B ERIKF a1
(Mortierellomycota) MY IR & (Mortierella) WIAHXTEEH MM B3 T 60.0% 1 72.4%. PCoA 44T
R, BREBESHARRARE | SRR AR 225 (P<0.01), RDA Zi7 /s HIEA LR . A . 24
5 o ZFEMERR U EHIDE, MERHE R T HE RIS HESR . A . AR ERG. [Fie] +
AN, BRR . SREUEEEEEWMZEER Z RN T, SREML, KRG T KREVEMRE T K
PSRRI RS, 00 5 4 o DR P SR AR v A WL 75 2 Rl N R SR A OB 2R 2 2, B40n 1 KOk A% 11 S
e SR RO SN E 2 = P S N A ST (5 5= Wil A 2 B L NTOR TR %) o FEN [ L0 S O =i w NG e I B A S )
WU, ARG IO, BRI I, O R
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Soybean-corn intercropping increases fungal community structure
and diversity in red soil aggregates

YANG Ji-fen, LI Yong-mei, LI Chun-pei, LU Mei, ZHAO Ji-xia"

( College of Resources and Environment, Yunnan Agricultural University, Kunming, Yunnan 650201, China )

Abstract: [ Objectives ] We studied the fungal community structure and diversity in different soil aggregate
particle sizes under intercropping conditions. We aimed to understand the beneficial effect of intercropping from
the perspective of microbial properties. [ Methods ] The long-term positioning experiment started in 2013 and
was located at the experimental base of Yunnan Agricultural University. The maize and soybean test cultivars
were Qiaodan 6 and Diandou 7. The cropping pattern treatments were soybean and maize intercropping (MD),
maize monoculture (MM), soybean monoculture (DD), and fallow (CK). At the maize tasselling stage in 2021,
0—20 cm soil samples were collected, and the wet sieving method was used to screen the soil aggregates into 2—1

mm, 1-0.25 mm, and <0.25 mm particle size groups. The percentage of each aggregate group in the total soil
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aggregate and their mean weight diameter (MWD) were determined. The organic carbon, total N, and available N,
P, and K were analyzed in each group. The fungal community structure was analyzed using Illumina MiSeq Next
Generation sequencing. [ Results ] MD (P<0.05) increased the percentage and MWD in 2—1 mm aggregates, the
organic carbon content in 2—1 mm aggregates, anf alkali-hydrolyzed N in 1-0.25 mm and <0.25 mm aggregate.
All the DD, MM, and MD treatments increased the Chaol index and OTU number in 2—1 mm and 1-0.25 mm
aggregates than CK. The relative abundance of Basidiomycota in 2—1 mm and 1-0.25 mm aggregates in MD was
85.7% and 133.3% higher than in DD, and 194.1% and 69.7% higher than in MM, respectively. The relevant
abundance of Chytridiomycotal in MD was 20.0% and 333.3% higher than in MM, Chaetomium in 2—1 mm,
1-0.25 mm, and <0.25 mm aggregates in MD was 68.7%, 80.0%, and 53.2% higher than in MM, respectively.
MD had 60.0% and 72.4% higher relative abundance of Mortierellomycota and Mortierella than MM in 2~1 mm
aggregate. PCoA analysis showed that the fungal community significantly differed among particle sizes and
planting modes. RDA showed that soil organic carbon, available N, total N, and a-diversity index were
significantly correlated. The heatmap analysis showed that basidiomycetes were (P<0.05) correlated with soil total
N, alkali-hydrolyzed N, and organic carbon. [ Conclusions ] Soil organic carbon, total N and alkali-hydrolyzed N
are the main drivers of variation in the structure and diversity of the fungal community. Compared with
monoculture, intercropping promoted the formation and stability of macroaggregates. It also increased soil organic
carbon, available N, dominant fungi and diversity of macroaggregates. Thus, soybean-corn intercropping pattern
changes the distribution of aggregates, along with changes in soil fungal community and diversity, which is
conducive to improving soil microenvironment, quality, and health.

Key words: intercropping; aggregate stability; mean weight diameter of aggregates (MWD); fungal community
structure; diversity; driving factors
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2.1 HIEFIRARLE AR KRR E M FE

#£ 18R, ARMHEBRX T 1~0.25 mm ki
B, t BRI 49.4%, HKIE<0.25 mm
k%, >2 mm KR, 5 CK AL, 3 PR
+3E>2 mm B RRE B A BEAR L, MD
AEFR R EIRE T 2~ 1 mm KR BN &R (P<
0.05), &/ 51.1%; 3 MRERAALFRR) 1~0.25 mm
REHRIAYE CK B R #E 25, (B (CK 4
By 1 3R <0.25 mm A4S A R ARG H B T R
#, W CK AbFR+38>0.25 mm H R H R
(Ro,s) B EREAR . 3 FIRIBCA EL, MD AbHE R Ay
A RS H F HA2 (MWD) % & T DD Al MM
LbFE (P<0.05), ‘w7 HARTE HIELEMARCR
2.2 TEFIRMAER OTU & o ZHEM

L A, RS R AR A O LR o 2R
B E . MAIRIERAZ KR, <0.25 mm kife
WK F i OTU %0MI Chaol B T 2~1 mm FI
1~0.25 mm ki (P<0.05), Shannon 8404 ki12HJC
WEER,

MAER FoRE, 5 CK A, MD AbBR G
FEE T 2~1 mm Fl 1~0.25 mm ki H AT 1 OTU
B (P<0.05), #ALEERE OTU $07£<0.25 mm i i A
BIAP LB EES (P>0.05), 3 KA H B
Shannon $8 £ 4-kr 12 A R R 8] 6 8. 3 22 5% (P>0.05),
A AL Chaol $ECFE 2~ 1 mm 1 1~0.25 mm it
WA B E 2R, 1£<0.25 mm KifEH R IkF I8
BEER, NMEREAKE, MD LAY Chaol 457
BAE 2~1 mm FIR R B 25T CK Al MM AL B,

7E 1~0.25 mm HRLA2 A R A& 3 5 T CK, i
MM il DD 43 3 A~k 42 B R AR Chaol $888 Y5
CK ¥R &2, i, MD AbH + & k2 1]
SRR B AT 0 S T AR AR X
23 TEARGEEREIMBKFE LN ®
HFBEE EE LI TR ] (Ascomycota) ., ARERE
1] (Unassigned) . 17 1] (Basidiomycota) . A&
XA (unidentified) . #%fFR ] (Mortierellomycota) |
ERZETA ] (Glomeromycota) . 47| ] (Chytridiomycotal)
R AN TR SE B TR R B AR X S B AR S [ R AR AT R
eSS (K 2), Hrh R E M ETE
1~0.25 mm Fi48 A RAK & =, Unassigned Fll
Basidiomycota FJAHXTFBEAE 2~ 1 mm Kifz A R kb
&, @[] (Chytridiomycotal) FJFEXT 3 B FE<0.25
mm R R . WFMER AR A, 75 2~
1 mm $7 4% A R AR MD Ak BT 5 5 A 6
B DD Ab# 4% 85.7% . MD AL B A HH ¥R 1]
(Basidiomycota) ., #{ffi% &[] (Mortierellomycota) .
A 1] (Chytridiomycotal) AR XT3 BEH MM AbHL 53
IR 194.1%. 60.0%. 20.0%, 7£ 1~0.25 mm $7
T RS, MD BT A9 F2E 5] (Ascomycota)
HFFE 1] (Basidiomycota) . 4F [ ] (Chytridiomycotal)
FRAR XS B85 DD AR BE 353 12.6% . 133.3%,
8.3%., MD AFE N AHHF ] (Basidiomycota) . % [4
I'] (Chytridiomycotal) [ AHXT 3 3 MM &b 353512
B 69.7% . 333.3%, 1£<0.25 mm Hif A Rk,
MD AbHE BRI ] (Glomeromycota) AR} F 4%
DD A3 53 542 55 66.7% . MD Kb T Y RG]
(Ascomycota), HF ] (Basidiomycota). 4 [# ]
(Chytridiomycotal) FJAHXS = B MM 4353 51 4 =5
12.2%. 61.8%. 23.3%,

®1 TRMEER T LRARBRED B REELIER

Table 1 Particle size distribution and stability indexes of soil aggregates under different modes of planting

AN FPREAR PR AR 3 5 L (%) BARFEN
hb Percentage of aggregate fraction with different particle sizes Aggregate stability
Treatment

>2 mm 2~1 mm 1~0.25 mm <0.25 mm R,25 (%) MWD (mm)
CK 5.53+0.74 a 13.10+£2.6 ¢ 47.80+2.5a 33.90+2.7 a 67.742.6 b 0.44+0.03 b
DD 4.10+1.67 a 17.20+2.3 ab 48.37+2.8 a 29.93+3.5 ab 72.5£09 a 0.47+0.02 b
MM 4.47+1.67 a 16.00+1.4 be 51.73+£0.6 a 27.23+19b 72.6t1.3 a 0.48+0.02 b
MD 6.30+0.98 a 19.80+0.8 a 49.73t13 a 2427+2.5b 752424 a 0.54+0.03 a

[E: CK. DD, MM, MDZMHfRREARHIXT IR . KRG AR KRR KRE IR RSB G AR /NG 8RR AL B 0% 5 35

(P<0.05),

Note: CK, DD, MM and MD indicate no crop control, soybean monoculture, maize monoculture, and soybean-corn intercropping,

respectively. Values followed by different lowercase letters in a column indicate significant difference among treatments (P<0.05).
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Fig.1 OTU and a diversity index in soil aggregates

T M EARF/NG TR RN AL B 25 5 1 3F (P<0.05),

FPR N RRZ AN S AR LB (E, BT RAE AR B ik, W7

HEFT AW 20 SRR AR DU AL [RIFE Y 1.5 £, CK. DD, MM, MD 43 SIRFEHHNT IR . KT HME . FRAME . KO EKEE,

Note: Different lowercase letters above the bars indicate significant difference among treatments (P<0.05). The solid line and point in the

box represent the median and mean values, the upper and lower frames of the box represent the upper and lower quartiles, respectively, and the thin

black lines extending from the box represent 1.5 times the interquartile range. CK, DD, MM and MD indicate no crop control, soybean

monoculture, maize monoculture, and soybean-corn intercropping, respectively.

w3 PR, fEimark
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(unidentified) . #JI W & (Fusarium) . #{A%E G
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R Unassigned WA =E %A B 22 5%,
1~0.25 mm i f1<0.25 mm Hif8 F B4k Py
unidentified Ml Mortierella RIAHXT EEH T 2~1
mm R R, 2~1 mm kA2 M 1~0.25 mm Fife
ARAKF 1) Fusarium A3 B 5 F<0.25 mm Rt
PR, WFMEBE AR A, 76 2~ 1 mm Rif2r,
MD W HEF 1 Fusarium % F EE# DD 4L &
6.2%, WIFE . BICHEE MM Ak B 735 42 &
72.4% . 68.7%. f£ 1~0.25 mm K £ H Rk,
MD 4hBEF 94k 7T 55 DD 1 MM AL BEAR L, 2351

KL, AR R R

R 13.5%. 9.3%, BRHS MM ACHEMIEL, 25
80.0%. 7E<0.25 mm Fif2H R AR H, MD Zb¥ N HE
LS MM ARERAHLE, $25 53.2%.
24 TEARKEREE B ZHEMSH
PCoA 43 M7 ik 7R FL R BEVR G5 F AR AN [RPRLAR /NI
PR A e R 22 5% (P<0.01), PERMANOVA
T, R OB RN R AR X 2 A SR R 4
Mo BB 4 AT F L, >0.25 mm B2 BK 5<0.25 mm
FiAs AR AT 1 BB
25 TEERBESEMTIECEERIEXR
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B2 FRNEHARGFEZARINBENFE
Fig. 2 Relative abundance of main fungal phylum in aggregates of different sizes

. CK., DD, MM, MD /33U I . RE AR, TR/, REEKREME,

Note: CK, DD, MM and MD indicate no crop control, soybean monoculture, maize monoculture, and soybean-corn intercropping, respectively.

100 [ HAth Others

[ #E % W Cylindrocarpon
W E B R Leucoagaricus
0 NERL R R Minimedusa
[ E5CH @ Chaetomium

I Y51 8 Mortierella
B IR Fusarium

B K€ L I Unidentified
B ARERER R Unassigned

FHX=FE S Relative abundance (%)

CK DD MM MD|CK DD MM MD|CK DD MM MD
2~1 mm 1~0.25 mm <0.25 mm

3 FENEZEHARKHERERBMENFERE
Fig. 3 Relative abundance of fungi at the genus level in aggregates with different sizes
[E: CK. DD, MM. MD 4} JIfCRHA IR . KRG, KSR KT TR,

Note: CK, DD, MM and MD indicate no crop control, soybean monoculture, maize monoculture, and soybean-corn intercropping, respectively.

(K15), KM 2~1 mm K AZRBIRIETH Chaol 6850 &, MEI 6 FTLIEW, 7E 2~1 mm K2 HIRAKHH
1 OTU BUS5A MU 2 & B A 1~0.25 FHETIAXTFEE SAE VLR S SR EEHXE, 525
mm R A A H Chaol . OTU. Shannon 84054 FI0 A 2 B S AH G 1~0.25 mm R AR AR (R
R AR, AR S R E DG <0.25 mm KifR o, FRERE T DN B S A LR B WA ARG, 1
A& Chaol . OTU. Shannon 545 AN REA  F BT JARXS B S0 0 0 F ARG 7E<0.25 mm AL
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Fig. 4 Principal component analysis of fungal community structure in aggregates with different particle sizes

H: CK. DD, MM, MD ZHIfCRBHIAS IR . RE AR, FORPME . REEKENE, **—P<0.01,

Notes: CK, DD, MM and MD indicate no crop control, soybean monoculture, maize monoculture, and soybean-corn intercropping, respectively.

**—pP<0.01.
R2 TELEIRSNEARGTINARSEE
Table 2 Nutrient content in soil aggregates under different cropping treatments
Rz fhs AHLBK AR AL A 2R

Particle size Organic C Available P Available K Available N Total N

(mm) freatment (ko) (mg/kg) (mg/kg) (mg/kg) (ko)
2~1 CK 21.51£1.12¢ 10.34+0.67 b 178.82+7.47 b 46.08+3.64 ¢ 1.00£0.07 b
DD 24.84+0.46 b 10.78+1.34 b 218.57+12.93 a 51.08+3.50 b 1.12+0.02 a
MM 25.88+0.39 b 14.3442.14 a 177.15£3.80 b 58.92+1.01 a 1.18+0.02 a
MD 27.79+1.24 a 16.29+1.36 a 169.67+16.90 b 59.50+5.25 a 1.15+0.03 a
1~0.25 CK 20.94+3.46 b 8.56+0.73 b 177.1746.24 b 47.25+3.00 ¢ 0.95+0.01 ¢
DD 22.50+1.09 ab 12.53+t1.46 a 245.07+1.44 a 47.25+4.63 ¢ 1.13+0.04 b
MM 26.22+0.32 a 13.14£0.75 a 184.61+6.26 b 56.00+1.75 b 1.21+0.05 a
MD 25.90+1.49 a 13.24£1.25a 163.90+6.61 ¢ 63.00+4.63 a 1.21+0.05 a
<0.25 CK 23.54+3.46 a 8.29+1.09 b 190.42+12.53 b 44.92+2.67 d 1.00+0.02 b
DD 22.56+2.45a 12.02+0.72 a 234.28+7.59 a 50.75¢€1.75 ¢ 1.18+0.08 a
MM 25.44+0.40 a 11.99+£2.15a 198.70+8.66 b 56.00+1.75 b 1.18+0.05 a
MD 25.38+1.78 a 11.07£1.22 a 184.60+5.16 b 61.83+£2.67 a 1.194£0.05 a

{E: CK. DD, MM, MDA fCERERMX I . RE AR R REEREME . [FF R G A F /NG TR 2R Ak B 0 2% 5 1 25

(P<0.05),

Note: CK, DD, MM and MD indicate no crop control, soybean monoculture, maize monoculture, and soybean-corn intercropping, respectively.

Values followed by different lowercase letters in a column denote significant difference among treatments (P<0.05).
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