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Influences of Maize/Cover Crop Intercropping on

Soil Nutrients and Microbial Communities
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Abstract: This study investigated the effects of intercropping between maize and cover crops on soil nutrients
and rhizosphere microbial community structure in black soil areas and explored scientific tillage measures to opti-
mize the agricultural resources. Based on an experiment of intercropping between maize and leguminous, non—legu-
minous, and leguminous — non—leguminous cover crops, it was demonstrated that intercropping non—leguminous cov-
er crops with maize considerably enhanced the soil total nitrogen by 15.20%. In contrast to maize monoculture, inter-
cropping with all cover crops significantly enhanced the concentrations of soil available nutrients and total phospho-
rus. Intercropping with cover crops increased the relative abundance of Proteobacteria and Firmicutes as compared
to maize monoculture. The most significant enhancement was observed under intercropping maize and leguminous
cover crops. Intercropping with legume—nonlegume cover crops increased the relative abundance of Ascomycetes
and Mortierellomycota, by 15.25% and 60.34%, respectively, as compared to maize monoculture. The relatively high
abundance of dominant bacteria may help to maintain the balance of soil nutrients. Intercropping with cover crops
can control microorganisms directly or indirectly to reduce soil acidity, increase the amount of available nutrients,
and enhancing soil fertility. At the same time, intercropping with cover crops can recruit bacteria to preserve the sta-
bility of the soil microenvironment and lessen agricultural non—point source pollution.
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1.1 KGR Rk i i% it

RIS T P R BE 2 SR I4 BFAMR 6 I T i
ORI HE A T R KA T A RSP R, IR
RS i ST =Y N S W P S 3 &= )
600 mm , 4EF- 08 5.9 °C, BATP R AL, ik K
WA T TORBHE , e8RS+ R0 R i - 4
BEAE 2 10 36 ml B8 48 bR, pH {E 6.63, 3 2L 4
184.53 mg/kg , A %0005 35.13 mg/kgo

YT 2021 45 4 HIRTF UG, 76 25 1 FoRA K 2
TrIRZME TEY S FORBIVERE . IR e 4
BEHLZL X BETT, B 4 RO R AR, A 4G ROk
Y (Mon) . FK/E R S AEWIRIE(IL) . EK/AE TR}
T BV IRV (INL) R/ SR - SR 35 VR ) 1)
YE(ILNL). RSB S5/ G Fh it a3 1 R
RAFREA I 4 DEE I 16 NN, BEA/NX

®1 TELEREME

Table 1 ~ Seeding rates for different treatments

ik B ERRYIES FRF
Treatment Species of cover crop Seeding rate
Mon - _
IL L M F (Vicia villosa Roth.), ¥ K B (Melilotus officinalis T F(2.27 gm?) AR JR(1.20 g/m?) 1 18 (1.47 g/m?) . H
L.). B 75 (Medicago Sativa Linn), H 35 (Sesbania cannabina  (2.00 g/m’)
(Retz.) Poir.)
INL A B (Lolium perenne L.). Kz (Hordeum vulgare 1..). Sk o (2.00 g/m’), KA (2.27 g/m’), FeH (3.47 g/im’), e A7

(Fagopyrum esculentum Moench.) \JH63 (Avena sativa L.)

ILNL BT R BT R K S

(3.47 g/m’)

B F(1.20 /) HOA R (0.67 g/m?)., 17 (0.80 g/m?)  H
(1,07 g/m’), MR A B (1.07 g/’), K H (120 ghn'), 55 &
(1.73 g/m?) HEH (1.73 g/m?)

TE : Mon 378 TR B 5 TL 378 TR/ RHE S AP 5 INL R TOKAR RME S AR BT 5 TLNL 3R TR/ A=A TR B SR Y e

Note: Mon represents maize monoculture; IL stands for maize/leguminous cover crop intercropping; INL signifies maize/non—leguminous cover

crop intercropping; ILNL denotes maize/leguminous—non-leguminous cover crop intercropping.
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AR 5 mx6 m, /NX Z SR 1T, TR
SEAEFTROA, SEATATIE N 65 em, 44T 45 em,
BEMEY T ERITREF . FRRAITIE, A~/
X FRAE 6 17, BRIE 65 cm, FIAH % R 6.5 J7 Ff/hm’;
BRI I, . 2EF AT N TR, IR
HEF SRR o FERIET— R ML, Z(N) B (P) |
B (K[l 53314 208 .36, 137 kg/hm’.
1.2 FmEERIBRNE

T 2022 4F R AR B 3R i, RS
HUREL 2 R AE 45 /NX 0 ~ 20 em + )2 19 135, IF1
SIRA AT, AT R R TR 22 . 7E KR
A TG T BORE R AR B )2 B R AR AR SR 1
2 mm [ 38, A UKASH IR IR AR 12 15 1] S e % 0
F7 TAE-80 CUKAR , HE4T 4N T2 L T vl H2 00
KT I GRS /INX A R EL, AR 2
% RIS T R FE R (REA T AT REE ki E) i
1% 5% IR I 77

T SRR R R AL S AT e R
FH B 555 H A e R 4 498 pHAH, 38 4 0 e (i
LI AN, A A4 i R R - =5
1% 8 J5 40 0 FH AR BT bE 3 RO ' B Tk T
S, YA RO DL R A B U B i g SR FH AH
PrH AT AT NHOOA e 12385 KRR

SRR AN L B VR AR A TR I Al
TSR Py 3L PR 2H DNA £ B0 6 32 BBURR s - 498 7k
AW FE R ZH DNA (0.5 g). & H NanoDrop ND-2000
G300 BE RN 3 B ARE U5 e v Uk 43 ] A6 1 42 B DNA
A& BT . SR IE 19154 338F(5” —~ACTCCTA-
CGGGAGGCAGCA-3") I 715 # 806R (5'-GGAC-
TACHVGGGTWTCTAAT-3") X4l & 16S V3-V4 X i
5 PCR Y™ 14 , [] B 4 FH 1 7] 51 49 ITS5F(5'- GTGC-
CAGCMGCCGCGGTAA3')FIRL [0 5[ ¥ ITS2R(5'-CC-
GTCAATTCCTTTGAGTTT-3")%F EL I ITS V1 X ¥E4 7
FENL . PCRYIEL 53R SO 2% e 5 L (5x) < AH
% 52 I 5 wL(5x)  Fast pfu DNA 3 & 0.25 wL
(5 U/pL) .dNTPs 2 wL(2.5 mmol/L) . iF [f] 5| 4 F1 2 ]
514 1 wI(10 wmol/L), DNA #i 4 1 pL. ddH,O
9.75 plLs

T2 B L N 2H DNA B9 PCR J2W 2R LA T 25
AT :98°CALME: S min, 52 CiR k30 5,72 CLEfH 1 min,
72 CHHAEMH S min. PCR =¥ M\ 2935 e e I v 2
B, % AxyPrep DNA BE I HE B R & it — 20 4l
Ak, Tris— HC 2% W i 3547 8 0, 2% BN B v UK A6
M # ] QuantiFluor ™-ST X 40 [ F1 B 1 317 &
i, i A illumina MiSeq “F {5 (Illumina, San Diego,

USA) #% 1 Majorbio Bio— Pharm Technology Co. Ltd
(Shanghai, China) 9 b I #VE HRR 2E 47 0 X i 00 5
(2x300),
1.3 HIEAESHSH

J A6 83 52 Trimmomatic AT B4
2 J5 ¥ FH FLASH %k 14F (https://ccb.jhu.edu/software/
FLASH/index.shtml) AT PEE . [ ] UPARSE (ver-
sion 7.1)XF OTU 1 T5RIE AR LIPERWT R R 97% ., %
HE PR 81 A9 43 250 51 % FH RDP Classifier D137 55
% (http://rdp.cme.msu.edu/) 4% & Silva F1 UNITE 4ff 1%
MILE S5 R AT 0 . 25 DN i A2
M OTU &P 5Bk 5 AR R AR A S OTU

F FH Microsoft Excel 2021 {4 4b 3 &, AH ¢
P43 B1 2R SPSS 26.0 B #E4T , 23 18 1 Graph-
Pad Prism 9 ¥4, R F 5. Al & (oneway ANOVA) Fll
Duncan %5 AN [ b B8] 2 5 #6147 05 22 70 B fl 2
He#5(P<0.05)

2 HPRE Y

21 TIEBAMR

WF5E % B, FHAE T Mon Ab B, TLNL &b + 32 pH
H 2 EHEm, INL AR PR 5 2 FEAIK (P<0.05) ; 5 Mon 4b
FHAH HE , IL INL AT TLNL &b B 40550 (i + 398 5 il 5 2
i HE T 71.32% | 149.03% F11 32.44%(P<0.05) , 354
BRI R R 27.28% | 14.45% F 32.34% (P<
0.05). 5 Mon AbFHAH 1L, TL  INL FI TLNL 420 B 43 51l
+ e R 46.48% . 19.72% K1 15.49%
(P<0.05), 38 48 25 B g 25 %1% 5.58% . 10.78% £l
1.80% (P<0.05); INL &b 3 {ii 4 5 & & o & & &
15.20%(P<0.05), IL F1 ILNL &b 38 %f H: TG 5 3% 52 i
(F 2).
22 TEREVMSHEE

26 3 AT, AHEC T Mon AL B, INL A0 38 f AR B
T HEANTA 19 ACE F8 80 F 2 1 7.26%(P<0.05),
Shannon 48 % i 2 42 55 1.86% (P<0.05); IL F1 INL 4b
X PTG R IC & 5200 . 5 Mon AR FHAH L, INL
ILNL 4b 35 (1) #2 B -+ 3 FL TR 19 ACE 45 %4 F Shannon
Bz TR EES

F 151 53 B (PCA) it — 25 K B, Mon . IL INL,
TLNL A 2 [) 240 B R L TR VA A TE 3 25 (A 1),
=+ B3 78 , Mon I INL  TLNL 40 3 o 20 5 45 31
7 4522.4502.4773.4 523 4, Hidt, Mon . IL.INL,
ILNL &b BR3¢ A OTU £ H 24 103.,70.,259 .85,
44 PR AR [R] OTU 15 58.66% . 55 4h %P1, Mon
IL INL ILNL Zb ¥ B3 73 54 1 653.1 5461 772,
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1 6384, Hid Mon IL.INL A S ILNL AbER43 504 B4E[E OTUAL 25.33%.

» N

A OTU Kt H 272 243 400 244 4>, U3 2 [a] ) B

®2 AEEBZEYEEXREENLE pH EMFSEENFM

Table 2 Effects of maize—cover crops intercropping on soil pH and nutrients

ib pHH T (mg/kg) HAH (mg/kg) 2T (mg/kg) 2% (mg/kg) 48 (mg/kg)
Treatment pH value Available phosphorus Available potassium  Total phosphorus Total nitrogen Total potassium
Mon 7.42+0.02 b 28.45+0.78 d 216.42+0.68 d 0.71+0.01 d 1.71+0.06 b 21.16+0.08 a
IL 7.39+0.03 b 48.74+0.24 b 275.46+0.92 b 1.04£0.02 a 1.77+0.07 b 19.98+0.08 ¢
INL 6.86+0.05 ¢ 70.85+0.05 a 247.69+0.66 ¢ 0.85+0.01 b 1.97+0.02 a 18.88+0.05 d
ILNL 7.51£0.03 a 37.68+0.06 ¢ 286.42+1.21 a 0.82+0.01 ¢ 1.74+0.05 b 20.78+0.07 b

TE : [FIFAN ) ING T RER AR B E] 22 53 1 35 (P<0.05). R,

Note: Significant variations between treatments are denoted by different lowercase letters in the same column(P<0.05). The same below.

R3 BLEIEHRMENSHEER

Table 3 Microbial diversity index of soil samples under each treatment

4 O
it R Bacterial Fungal
Treatment
ACE 8% Shannon #5 %% ACE 8%k Shannon #5%%
Mon 3874.09+127.90 b 6.46+0.09 b 870.06+82.50 ab 4.49+0.23 a
1L 3886.99+113.02 b 6.54+0.03 ab 860.35+69.77 b 4.28+0.04 a
INL 4155.26+34.58 a 6.58+0.04 a 971.90+41.17 a 4.30+0.32 a
ILNL 3922.93+96.33 b 6.51£0.05 ab 900.15+30.93 ab 4.38+0.13 a
A B
25 - 02
: @ Mon
20 g oL
@
15 @ILNL
0.1
10
o : o ‘ ------
~N
» 4
-104 -0.14
3 25 20 5 40 5 0 5 1 15 20 25 0 0% 02 om 41 0% 6 ok 01 o1
PC1(14.66%) PC1(14.89%)
c D

ILNL

E1 AEEBZEMSEREELBEEA) . EEB)EERKFEERS SR TEMAEC). EE(D)E% Venn &
Fig.1 Level principal component analysis of bacterial(A) and fungal(B) communities in intercropping between different cover

crops and maize and Venn diagram of soil bacterial(C) and fungal(D) communities
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2.3 TIERMEWMETEARK
231 mEAEITKFLHA

R FRTE KT b B 40 R VR R AE I 2 B
No P AL PR LZL T 1] (Actinobacteriota) ¥ & it
11 (30.85% ~ 32.57%) , HAWHL I 153 0 2 AR T TR 1]
(Proteobacteria)17.24% ~ 21.02% . %% %5 1 ] (Chloro-
flexi)12.48% ~ 17.16% . B2 #T & '] (Acidobacteriota)
13.44% ~15.14% . J5 BE 14 '] (Firmicutes)3.72% ~
5.26% . 3 ¥l B '] (Gemmatimonadota)3.25% ~
3.71% A EREE ] (Myxococcota)2.67% ~ 3.63% . fUFT
& '] (Bacteroidota)1.94% ~2.23% . H J5¢ 48 1k 1 ]
(Methylomirabilota)1.62% ~ 2.74% . 5 Mon At P AH
Lo, AW S5 1E Y 5 FOR B E R R AR O 2R T 14 1)
ARG JELRE B 1T AR = B (R B iR A7 A E R ) . EL A
M, A2 TE T 1A 32 B2 43 0l 4 &5 1 21.93%(IL)
7.83%(INL) .8.82%(ILNL) , JEEBE B [ FRI AR X = 43 5]
PR 41.40%(IL) . 24.46%(INL) . 16.67%(ILNL), A [
R A O AT BRT 1] DR ERERT 1T LA B R o S AH TR 1)
FRRE X = BE S I AN [R] . 5 Mon AR3HUAH LY, IL AT INL
Ab SR BEAR T R AT 1R 1 0 AH XT3 B TLNL &b B34 Jin
6.77% ;5 Mon &b BEAH Lt , ILNL Ab B FAAR T RS ER B 1)

>

g 14 [l Actinobacteriota
E [JProteobacteria
08- [l Chiorofiexi
£l § [E Acidobacteriota
oy § [JFirmicutes
® -§ 06+ =] Gemmatimonadota
f é‘ B Myxococcota
< | Bacteroidota
c £ 04 [ Methylomirabilota
E [Elothers
02
s
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on L INL ILNL

AEFE Treatments

2.4 TIEREWMINEETN
2.41 A E TR TN

AN [) Ak JE TR 240 TR R 7 T E Y 22 S i et N\ TG
Y EHe 172 FAPROTAX HE W (1] 3), JE4R A5 59 1 Ty i
Sy gk B R T 22000, T Y 5 1A
T 10 3% 22 5 1) D RE A0 45 [ ZAE FH (Aitrogen fixa-
tion) . JK 2 43 (Ureolysis) . AL fiE 7 7 (Chemoheterotro-
phy) . & I (Fermentation) . 75 8 AL HE 5+ 7 (Aerobic che-
moheterotrophy). H:H, ILNL ZbFEZEALBE S 57 75 A
TLRE S 57 K BE D RE h i i, 4 Mon A0 B 5 2.06%
3.229%.5.36% ; INL Ak BIUE JR 38 fifk R D) fE L i
1 , b Mon A BE S 25.63%4145.63% .

BV S EiIES: S
ercent of community abundance on Phylum level
o
(<]

o
I

(49 A0 X5 =F B, IL R INL 4b 3 53 51 34 Jin 20.60% Fi1
10.63% ; ILNL AL 31 H e 584K TR 1] 5 Mon A0 FEAH HE
AT B R B, IL 1 INL Ab 3845 55 37.04% FiI
69.14% . 5 Mon b 3AH EE , TL . INL  ILNL &b 2 i ik
LW BSTET] ZFRMEETT AT TR A
FERIREAR
232 ARAHENKFLA

A PRAE T TR B B VR R AL, T A A B
HIF2EE] ](Ascomycota) FE e H(59.55% ~ 69.44%),
HoAth A 35077 43 ) & 0 F B ) (Basidiomycota)
12.59% ~26.07% . #% {4 2 [] (Mortierellomycota)
6.64% ~ 11.40% . 47 @ '] (Chytridiomycota)0.87% ~
1.95%., 5 Mon ZbHEAH Lb , #4378 S5 A/E W) 5 £ oK (]
VERPREARE SR = TR0 A AR B
- BE T T AR R TR B A i R e T 13.21% (IL)
15.25% (ILNL); 8% f6 55 ] (%) A X =5 B2 4 il 4 v 1
22.36%(11) .60.34%(ILNL) . AN R Ff AR A 20 H 1 1
U104 AE R = BE 2 e AN W], 5 Mon 40 BEAH L, IL F1
TLNL &b B R ARG PH 1 1) A AR X =, INL A B Jin
33.42% . 5 Mon ZbFHAH FE, TL INL  ILNL &b 2 /) 57
BT AR REDN = BE R BRI

@

[l Ascomycota
[JBasidiomycota
[l Mortierellomycota

N
)

unclassified_k__Fungi
[ Chytridiomycota
W others

04-

Mon IL INL ILNL
AEFE Treatments

2 AEEBEZEMSEXREIELETKFLIEMEA)EE (BB EYFAEMBIR0

Fig.2 Effects of species composition of soil bacteria(A) and fungi(B) in intercropping between different cover crops and maize

242 AHAHX FUNGuild & B 2 4t Fm)

Z AN RVE T EY S TR VEA X B R TR
KR FEEA AR, FUNGuild #2011 4k
PRAE AR E SR FZE I F2 DI Re 0 AR =5 B e, 38
Mon A0 FH 5 29.14%F121.18% ; INL AL FHAE N 2B A 4 -
U8 7 ) 5 5 T — - SR R 5 o — AR S 7 S I 77—
WA - S SR D RE AR X 32 B f i, %% Mon
AT 60.43% 1% 20.71%

25 TEFHSMABEIEXNEENEXE
251 BEHRSFmARERE T A F E 4K

TE A T K P B R BT 10 i P, SR

Spearman FH P R E S 1857 43 047 AH 1 A
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Povalue -
AR +0.003666 BINL
Aitrogen fixation A A - Mk R R SRR . BN
Endophyte-Lichen Parasite-Undefined Saprotroph [} 0.006876
IREAR 0.001917 :
Ureolysis 23 Sz 0.050240
- Dung Saprotroph 3
g
H
& 0.003725 ) _
Fermentation VA A DD - 0 LI - - SRR A SUBERLE 0.090820
Endophyte-Litter Saprotroph-Soil Saprotroph-
Undefined Saprotroph
TRNESTR «0.003686 .
Aerobic chemoheterotrophy iz s sk - 0.046800
Undefined Saprotroph
IAESHTE ~0.002480 o
Ghemoheterotrophy’ A 0:006876
unknown
o 5 10 M5 20 25 30 35 40 0 5 fo f5 20 25 3 35 4o 45

wﬁﬁm}m%) JJAFﬁE:émeﬁtb(%)
¥ : (A)Functional groups SN AES FK ; Mean proportions(%) U BEF BEBIEY E 43 Ll s P-value B BHMEAE SR , B 01124 b8 FH W e A6, P-
value<0.05 3¢ W 2% 5 25 s (BYX Hil hy Guild 78 AS ] (1) 43 2 slREAS o (1) £ B LU A8 5 Y 2l oA AS Tl A 402l R A

Note: (A) Functional groups are functional names; Mean proportions(%) is the percentage of mean functional abundance; P-value is the false positive
probability value, which is commonly used in statistics. P value < 0.05 indicates a significant difference. (B) The Y-axis lists the various groups or
samples, while the X—axis shows the abundance ratio of Guilds in each group or sample.

B3 ZME#E FAPROTAX ThRETMN 48 £ 57 (A) AR EE #5% FUNGuild BT (B)
Fig.3  Prediction of the functional composition in the microbial community according to FAPROTAX database(A) and variations in

composition of fungal functional groups inferred by FUNGuild(B)

(K 4), 85 R0, +35E pH (5 W e S Ab B 1) 1835 17
FEOC, T RS 5 L 2 I A G (P<0.05) . 3
A e S s R T 2 B A OG, SR RER ] e
FALBT T35 A G ; R & i S | A7 7E
W IEADC, SRR H b S A P A A B 2 Uk

K (P<0.05), +HEHERHE S B SR T
5, SIEEEET] e A AR ]R3 IEAH5E(P<0.05),
252 Aot AEKAA AT FE AR

X R A AR T 1 KPR BT 10 194
>R FH Spearman FHC R BEATAH DGR 7B , 45 51 2

&

R + N

&

<

N

R

+

&

&
T XY Bl 53590 S PG DR U [, 115 Spearman #H G H: 22 IO 5835 1 P AF, ARG R B0 I AN TRI B0 /s (R R R TEAR DG .1
RGN s P 5 B 5 73R P<0.05; " {3 P<0.01; “++ {3 P<0.001

Note: Environmental factors and various species are represented by the X— and Y-axes, respectively. The significant P-value and Spearman correlation

A B
" . y 05
Nitrospirota Kickxellomycota
-0
Methylomirabilota Olpidiomycota I*’ﬁ
e
Bacteroidota Rozellomycota
. Myxococcota Glomeromycota
. ‘Gemmatimonadota Blastocladiomycota
. . Femits Cndomyot

Acidobacteriota unclassified_k__Fungi
Chioroflexi Mortierellomycota
Proteobacteria Basidiomycota
Actinobacteriota Ascomycota

coefficient were computed. The correlation coefficient is depicted in the graphic using different colors(red for positive correlation, blue for negative

correlation), and P—value is shown with asterisk. * means P<0.05, ** means P<0.01, *** means P<0.001.

E4

WE(A)FEE(B)I K ESIMEREFZ B HEX R E

Fig.4 Heat maps of bacterial correlations(A) and fungal(B) phylum levels and environmental factors
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N, A pHE ST 2 B A, 5o s
T2 E IEARDC; RS B SR ] B 3 A
KBS R WA R ARG, H S i 5 2L
U] AT PR T S IR G R A R S 2L AT
EREFEAAE, SE R P EIEHEXP<0.05). +
b A O i SRR R ] VB 2L IR AT R
T IEADC, I & i S TR ) R
EEASE, ST A0 5 7 O (P<
0.05).

2.6 AEMEERTHEKRSE

H & 4 A0, B s A E AR oK S 5
¥ T FOR AR RE AL, AR R -E T
RIS S oK mVE AR SR Y S oK)
PERMARA R 17 i 0 3 T EOK AR, il
K PANESE 55 48.96% 11 22.47%(P<0.05), HHT £k
PAME INL A 3 4 ROk ORI 35 48 /57 16.00%
H127.27% , [R) Ak TLNL Ab B E b 5 I 2 3 5 42.46%
(P<0.05),

x4 TEMEEXTHEKRTE
Table 4 Maize yield under different planting patterns

ik B FREEL(FE) TR R CKE) F R (g) 7 (kg/hm?)
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