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Abstract: [ Objective] This study aimed to investigate the effects of different mulching treatments on microbial diversity and
community structure of maize rhizosphere soil under the planting mode of “dryland triple intercropping”. [Method] It was
conducted a two-year randomized block group field experiment with four treatments: no mulching (control), straw mulching
(S), milk vetch mulching (M), and combined mulching of straw and milk vetch (S+M). Sequencing of internal transcribed
spacer region (ITS) rDNA and 16S rRNA genes using Illumina MiSeq PE300 high-throughput technology was used to
analyze changes in microbial characteristics of maize soils at the flowering stage after mulching. [Result] The main results
were as follows: (1) The M and S+M treatments decreased the number of soil bacterial species and community diversity, the
S and S+M treatments increased the number of soil fungal species and community diversity, while the M treatment decreased
the number of soil fungal species. The differences in soil bacterial composition and community structure between the
mulched treatments (S, M, S+M) and the no-mulch treatment were significant; fungal communities were not interspersed
with each other, differed significantly, and did not have similar community composition between treatments. (2) Mulching
treatments decreased endemic bacterial species whereas S and S+M treatments increased fungal species endemic to each
treatment. Compared with the control treatment, the mulching treatment increased the relative abundance of Proteobacteria,
Actinobacteria, and Basidiomycota in the dominant bacterial phyla of the rhizosphere soil of maize, and decreased the
relative abundance of Acidobacteria and Ascomycota. (3) The S+M treatment affected the bacterial microbial community
structure by influencing total phosphorus and nitrate nitrogen, which were positively correlated with dissolved organic carbon
and readily oxidizable carbon, while the M and S+M treatments affected the fungal microbial community structure by
influencing total nitrogen and nitrate nitrogen, which were positively correlated with soil water content, available phosphorus,
total nitrogen and nitrate nitrogen. [ Conclusion] Compared to the control treatment, the mulching treatments were able to
improve soil microbial diversity and community structure, accelerate the decomposition of straw and milk vetch in the field
to promote the absorption and utilization of soil nutrients by maize, and positively contribute to the soil ecological balance.
Of all the treatments, the synergistic mulching treatment of straw and milk vetch was the most effective. Therefore,
synergistic mulching treatment with straw and milk vetch is an effective measure for conservation tillage in the drylands of
Southwest China.

Key words: "Dryland triple intercropping” system; Straw mulching; Vetch mulching; Microbial diversity; Community
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Fig. 1 Temperature and precipitation characteristics of the test plots during the growth period of maize in 2021 and 2022
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Table 1 Experimental specific treatments

AbPRAF hb 3 BAETTI%
Treatments symbol Treatment Operation method

CK X T w Ak

S FEAT i 1B (REIFKED BORIE, FAEMFRSFTUINR 20 om A KI5
HTEMLE, FERIREFEE SR E Y 7 500 kg-hme? CRAR D
M E § E BT AL HIMER I B IEY) K 20 em 7oA K BE 518 R TE R,
AV R 7780 kg-hm?2 (T )
S+M FEAT B R+ 58 S e it FEFTE S AN G T S AL B, RS S AN 5 A M AR

RI/NXCRFBENLIX HHES, AN E R 3 7k, 3k 12 /MX, BANXEAY 32 m? (8 mx4 m).
FADNX IR, S\, KRN L m, KEN4 m. BNRXH 44 TR &
Ho 3ANKANHTAEFIAERE, BN 1 A0 T ORI . BT 1171, F3 A FAH
FHEBAE W, 4 A BRI TR R, #IE % R AW 49 500 #k, &E&HF 217, 84T 9 UC
JREE 20 em, T44E 7 H FAIWGE, FoKAAEEH 115d, JLME 2021 4FF1 2022 FF4F .

FORFEIAE, RADBHOEHE T, fEREMEE TR —K, FRETIRHEE L —k, R
B DX R E), 275 HIEIETE I, FRER RS 7 d 22 AT 560 kg-hm2 2 it ) 525 AEER(N:
P,0s: Ko0=15: 15: 15), JFLESRTTIIE IR % 450 kg-hm2, Hofy P a) & B0 08 i 1) o R 3 . R /oK
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Fig. 2 Diagram of “dryland triple intercropping”
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1.4 BiREALE

B4 K Excel 2019 %3, SR SPSS 26 AT 77 22 i T FAR S 43 4, B (Duncan) £
P AT 25 S WA AR G, K8 0.05, SRAH Origin 2019b 32Bit. Canoco 5.0 £l ¥

2 45 B

2.1 FRIBEN IRMEMRRENSHMERIFNE

2.1.1 AFEER TR SMAY o ZRAMERE BR 2 A, 5 CK AL, M AR LR Ace i
%, Chao 1 #8%k. 4 (Shannon)#E4i. Sobs F5%5 MK T 7.94%. 7.87%. 2.08%#1 8.08% (P<0.05),
S+M A FI4HE Ace. Chao 1. Sobs F8%1 53 A FFK T 7.14%. 6.84%F1 6.99% (P<0.05). 15 CK AbHEAH L,
S AbFE ) 1% B % Shannon. Sobs T5%070 5l 7HE T 6.12%. 9.00%, M AbFH )+ 3% B Ace. Chao 1. Sobs
B HIBEIK T 10.98%. 12.10%. 9.95%, S+M AbFH )14 E 14 Sobs $E¥F+= T 8.13%. LA Ew[%0, «
ZREMEIR B A FE R, My S+M LB/ T TR ORI S 2 FEPE, S S+M Ab3Eg
T IR Z R, M b R R AL
2 ERTENRMEREEZHEMIESN

Table 2 Diversity index of soil microbial bacterial and fungal communities of maize

A Sz Ace THH Chao 1 #5% BT Sobs L F Y BRIEH
Microorganisms Treatment Ace index Chao 1 index Shannon index Sobs index Simpson index
i) CK 3783.3+103.6a 3778.87+118.21a 6.77+0.01a 3018.67+51.03a 0.002 8+0.000 1a
Bacteria S 3701.17+49.64ab 3657.08+52.81ab 6.76+0.06a 2984.33+43.06a 0.002 9+0.000 4a
M 3482.8+138.26c 3481.57+155.16b 6.63+0.08b 2774.67+89.2b 0.003 4+0.000 5a
S+M 3513.14105.09bc 3520.46+119.33b 6.71+0.01ab 2.807.67+44.6b 0.002 8+0.000 1a
N CK 1070.56+46.07a 1060.41+509.34a 4.58+0.14bc 877.33+42.16b 0.029 9+0.008 9ab
Fungus S 1117.85+17.78a 1101.67+11.52a 4.86+0.12a 956.33+16.8a 0.021 3+0.002 6b
M 952.96+33.89b 932.1+45.61b 4.45+0.19¢ 790+39.23¢ 0.040 3+0.012 3a
S+M 1146.7+71.32a 1136+67.13a 4.78+0.1ab 948.67+35.16a 0.025 3+0.001 9ab

e AN ERER R IUA LB 6] ()2 5 (P<<0.05). F[. Note: Lowercase letters in the same column indicate the difference
between the four treatments (P< 0.05). The same as below.

212 AFER T EIEMAY B 2 K 3a w0, FORMRER IR HEVE b, 4845041 (PCoA)
ff) PCoAL %Al PCoA2 %143 HI REMRRE 22.07%H1 16.97%IBEE A ZE T, S« M. S+M AFERES 5 CK
AL FRIE R % 1 ST VR S5 F 144 (R2=0.460 9, P=0.001), S. M. S+M 4bFi¥ 5 CK ALFHEE B HuE, S+M
AR S CK AbFR 2 8] I RE B Bk, ViR AL (S. M. S+M) 578 7 Ab TR 7] - 398 40 1 20 J % B VK 45
I ZE AR . Sv M AL AMA Z 1A H0 73 A8 58, Ul BRI P AN A0 31 B A B 45 1 43 28 500 (OTUD Rk
ZESBUN, EATR AN B RETA G530 AT . B 3b FTAN, FORARFR - B B VS, PCoA 43 #T11 PCoAL
HhF PCoA2 4y M REARRE 25%F1 18.05% I HFIA 4 Z 7, Sv M. S+M AbBERES 5 CK BRI H
ST IR R BIR (R2=0.541 5, P=0.001), S. M. S+M AbFE 5 CK ALFHER B, AN [R] b P A) 2 56
BEHASE, EREE, BEHBEAMHEL.

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

a) b) <
R= 0.4609 , P= 0.001000 R*=0.5415 . P~ 0.001000
015 : ®ck 02 7 ®ck
i S ‘ s
0.10 ) oM £y oM
/ 0.1k \./, 2
// i/ @s+M . @S+M
P

0.05 r.*
5 g
2 2
= 0.00 - = .
< ) <
=1 & L <
x p VA 201

0.05 / ! 8 |

- 4
: / 0.2r
.10 i L _»
o1 . . . i . . e P S S S S
.3,20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 % 25 -0.20 -0.15 -0.10 -0.05 0.00 005 0.10 0.15 020 025 0.30
PCoA1(22.07%) PCOA1(25.00%)

Bl 3 ARAEE T FRARFR T3 (a). EE (b ARS8 08 (PCoA) (JRIESFEHIT, OUT)
Fig. 3 Principal coordinate analysis (PCoA ) of bacterial (a) and fungal (b) microbial communities in the rhizosphere soil of maize under
different treatments (Operational taxonomic unitslevel, OTU)
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2.2.2 AN[F PRI AR BR SR AH TR B RS AL AR R TR FORAR bR SR MR U S A R IR A, AR
Y 1AL ] (Proteobacteria, CK: 26.88%; S: 27.89%: M: 28.65%;: S+M: 28.15%). L[]
(Actinobacteria, CK: 22.54%; S: 22.74%; M: 25.11%; S+M: 24.39%) FIATH# ] (Acidobacteria,
CK: 15.64%; S: 13.88%; M: 13.18%; S+M: 13.34%), J& /54 62.6%~69.39% (/& 4c), 75 AbFiRE
B INAR T B ) AR T AR F2 52, DR AR B T AN 2 B TR AR 1) 2 oh, A4 ]
(Chloroflexi, CK: 10.48%:; S: 11.29%; M: 10.44%; S+M: 9.83%). #L#T 1 [ ] (Bacteroidota) . Myxococcota.
T (Gemmatimonadetes). JEBEE [ (Firmicutes) LA PEME ] (Verrucomicrobia). i 40
I'] (Patescibacteria) %} 1 138 75 75 Ab ¥ A7 — & F2 FE A e B o FOKAR B LI IR A LB T 1A T35 1]
(Ascomycota, CK: 67.45%; S: 58.47%; M: 63.17%; S+M: 60.96%) FIH-¥ ] (Basidiomycota, CK:
18.68%; S: 19.72%: M: 21.65%:; S+M: 20.38%), L 5%) 77.15%~89.09% (& 4d). 78 G ibFiim b |13
R T TR B2, 3900 T HE R T TR 2R B TR 2 4h, AR (Mortierellomycota)
KRR HEE (unclassified_k_Fungi). BRFER ] (Glomeromycota). B&EH (] (Rozellomycota) 1%
B AT — e R VR R
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Fig. 4 Venn diagrams of bacterial OTUs (a) and fungal OTUs (b) as well as bacterial community composition and relative abundance (c)

and fungal community composition and relative abundance (d) in the rhizosphere soil of maize under different treatments
2.3 TEIALIE T HIRIMEE 73 TR E RS R
H%% 3 AT, NOs-N. TP 2 BITENE TLA M (RDA) i BUBUK S % v 0.547 4. 0.656 6, H A%
IR, BAFE K (P<0.05); TN. NOs-N 70 JjfEF 1 RDA 731 B 0N i Fe 7y 0.813 2,
0.5652, HABRMIMIER, 2HliAEINEE (P<0.001) MIRFEKT (P<0.05).
FRITJIMERFETE ST (RDA) By s i &

Table 3 Individual effects of soil environmental factors in the redundancy analysis (RDA) model

BT i) FE
Environmental Bacteria Fungus

factor R? P R? P
S 0.257 3 0.253 0.264 4 0.247
Temp 0.023 2 0.906 01171 0.562
TN 0.2399 0.286 0.8132 0.001
NOz-N 0.547 4 0.027 0.565 2 0.02
ROC 0.167 8 0.435 0.3481 0.132
TP 0.656 6 0.013 0.4618 0.08
Brayl P 0.027 7 0.891 0.054 0 0.737
TOC 0.2145 0.343 0.1458 0.519

: R%:OMRREE, P QUITEIE(E, SWC: THESIKE, Temp: WA, TN: 2% NOg-N: fif&%, ROC: 5% LAWK,
TP: 4=, Brayl P: B, TOC: EHH. FIE. Note: R%: degree of explanation, P: statistically significant value, SWC: soil water
content, Temp: temperature, TN: total nitrogen, NO3-N: nitrate nitrogen, ROC: readily oxidizable organic carbon, TP: total phosphorus,
Bray1 P: available phosphorus, and TOC: total organic carbon. The same as below.

KHTCARDHT (RDA) HE— P ik FU & A B B S A MRS 4540 5 R HOA R 7 Z IR & . i
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these environmental factors were removed.
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Fig. 5 Redundancy analysis (RDA) of soil bacterial (a) and fungal (b) microbial community structure with soil environmental factors
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A REAE RO B B REVE A LB A RS AT A o i AL ek SR B BSR4k, BURE I W) Dy e A AT 4 )
30d, FEATHAOBRIEAI IR F) L3RR SN, 203 T RO 1, RO R 2 A B
FO R FER W ARG AT 2 i 45 d IR T 1 L3RR 2 e R SIFENNIER 7200t ABTFT R M AR P
A HIEEE YR E A OTU $tH (R 2), RXSRTAMIBTFEAN, R Zhang 4 SRR W4 9 o
FIEERR o ZRMETCRERL, TR SR S0 SN B KA G, i K 8 5 T 237
BT R AR, RSO o 2R N, ARTTUR, RS TR AT N B R T A
B ZAEIE, AFAFRIERE B ZHMEREZE (B3), X5 ARFIFTES ROCM—, Hrh S+M ALEE
TE B ZREEROR (8 3D, AIaER K AN R 7 xR A s BEVE VAP 2L R S i AN R A ], A RN
e

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

3.2 T EIBZELIEX TR E MR LSRR
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(Basidiomycota) FIFHXT R, /b TERAFE ] (Acidobacteria). FZER ] (Ascomycota) FHIFHXTF/E .
gr b, 78 E PR AR SR LIR A 2 R VR AR, G SHM AR BRR IR, JBOK T R B S
M ss, T8 FERE T nad 7 A F b3 B A T RS R B 1038 77
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