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Effects of Intercropping of Maize and Legume Cover Crops on Enzyme Activities and Fungal

Community Characteristics in Fluvo-Aquic Soil

FAN Yiwei'?, XIN Xiuli?, ZHONG Xinyue?, YANG Jiao**, ZHU Anning>**, ZOU Hongtao'”

(1 College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2 Fengqiu Agro-Ecological
Experimental Station, State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of
Sciences, Nanjing 210008, China; 3 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The multiple cropping index of the land in the Huang-huai-hai area is high, and there are no leisure conditions,
resulting in serious consumption of soil nutrients and a decline in the diversity of soil microbial communities. In order to improve
soil conditions, based on a two-year maize-legume cover crops (alfalfa, soybean, peanut) intercropping experiment, this study is
to explore the effects of maize legume cover crops intercropping on soil nutrients, soil enzyme activities and fungal community
characteristics, and to analyze the feasibility of intercropping maize and legume cover crops in the fluvo-aquic soil area of
Huang-huai-hai Plain. The results showed that soil available nitrogen increased and soil organic matter did not change
significantly under intercropping conditions, soil available phosphorus of maize-alfalfa intercropping treatment and maize-peanut
intercropping treatment showed an upward trend. Soil urease activities of all intercropping treatments were higher than that of
monocropping treatment. Acid phosphatase activities of intercropping peanut treatment and intercropping soybean treatment
increased by 30.53% and 18.70% respectively compared with monocropping; the activities of soil alkaline protease and sucrose of
intercropping alfalfa treatment enzyme activity were significantly improved compared with single crop maize. Intercropping
alfalfa treatment and intercropping soybean treatment had positive effects on the relative abundance of soil dominant phylum
Ascomycota and Mortierella. Among them, intercropping alfalfa treatment increased the relative abundance of Ascomycota by

11.88%, while intercropping soybean treatment increased the relative abundance of Mortierella by 45.39%. The increase in the
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abundance of the dominant bacteria phyla can help supplement soil nitrogen and carbon sources. Intercropping of maize and

legume cover crops can supplement soil nutrients, improve soil microbial community structure, and increase soil enzyme

activities, thus, it may be an effective measure to improve soil quality and maintain soil stability in the Huang-huai-hai Plain.

Key words: Intercropping; Legume cover crops; Soil nutrients; Soil enzymes; Fungal community structure
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1 #RERE

1.1 XX K&Kt

RIS TE AT R B A H AR 2SR G 1 R EF AR
MAFFE 5 (35°00' N, 114°24" E)EAT . el T8
JCR BT r A8 B e BRI R, R T 5 P i g
TR, TR KEN 605 mm, 4F7EK
41875 mm, FFHSIE N 13.9C, =0CHIELE
5100°CLAE, JeFEI 220 d 24 3aE6 B K48 /)N
F-HEKERAE, HHEACHRPE RO 1, SERbAE S
f6¥5 4. pH 8.67, AHLET &1k 10.98 g/kg, AW
H5.53 mg/ke, WA SR 61.37 mg/kg, HBHA
2 115.65 mg/kg,

R T 2019 4F 6 A, EXFHRE KRS GH
B AEYEIE:, /NE Z s R . R0 R o8 4 Bl
FUIX AT, 7 EKRFRE TORPAECK), Bk
HEHTEMEMA) ., FORAEA BFEMP) . FK/KEH
EMS)4 FiFERI, RFpFh s E 3 dH A,
12 A/NX, FA/NXEFN 3 mx 5 me SRR
FPFRAE, TEATATIE 80 cm, FEATATHE 40 cm, SRME
FAEY T ERGEATRIAAE (] 1) K Sl ol oy 405 50
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958, RHA/HE, B/NXFPAE 51T, BREE 25 om, %
J 66 667 tR/hm®; TRMVESMEYIR A&, BEK
GEATIRIFIAE 2 7. FEFHATEIEACIR K 80 kg/hm®, it
BERRES 60 kg/hm®, BRERED 75 kg/hm®. 7E T K KWL
13 PR 25120 kg/hm? 4E K38 AE .

r oy

st b

k—— 80 cm ——k-40 cm —k—— 80 cm ———40 cm

E1 ERERBZEYEMIEMEENE

Fig. 1 Planting pattern of intercropping maize-legume cover crops
1.2 HFEmRERIERNE

£ 2020 4F F R BEBIIR AT 5 i BURRE, 00k
BEA/NX 0 ~20 em 2R HIEHSNR G, FHEA UK
LS PRIR A DRAFHT 1 S0 28 f R B FE— TR0 8
WA AR B, RN E SR o PR, S —
o> L AEAE T80 CUkAR , FH T L IR e d 2y o

HHEFR YR T RA AL A BT ki e,
pH A pH 3 E (LK a1 0 2.5); BHEAPLR &
A IR A MNP E s A R
28 NaHCO; IZ4& FHEA Bt W (457 b 5 L e I
AT A B 28 NH,OAC R4S KGRI A 5
T SRR A 2R R RO O D E

TIERRVERERRNG | BRCPERRRREG . DRAE . TR A
fity . FEMERG AL A LB PER] Solarbio Science
& Technology Co.(H FEIb 57) Ay - 358 il 7] 2 D0 . 1l
TEPERRALE e 37 Cp g ve T34 R BT 1 nmol B
A SR B B RR B ) B s AR A v
By 1 pg NHa-N & SO —A> IR 77
sy BREFR P4 1 mg B FRE Ch—+
SRR TG ) B0 AERAgE v LAETR AR 1 pmol AY
i G A — 1> T R AR B ) B s B R A v
HEAEAE 1 nmol HyO, & R —> L it S AL Sl )
AL

Xof 38 B TR 7 25 R 0 B 9 R FH e 3 R D
K. ODNA $&HUH PCR 44 . #i4}i Fast DNA® Spin
Kit for Soil {54 (MP Biomedicals, Norcross, GA,
U.S)ULHI 5347 5 DNA #ilid, DNA ¥ & A4l EEA]
H NanoDrop 2000 #47Hz , FIH 1% Bl bEEE K H
VKK DNA #2885 ; A ITSIF (CTTGGTCATTT
AGAGGAAGTAA) fil ITS2R (GCTGCGTTCTTCAT
CGATGC) F1¥%t ITS1 ~ ITS2 w28 X k4T PCR 9§~
B, YRR N 95°C BUEME 3 min, 27 PMEIROS5

‘C A 30, 55°C iRk 30s, 72°CHEfH 30s), ffE
72°C ZE{# 10 min(PCR {¥¢: ABI GeneAmp® 9700 %),
PHAZ N 20 ul (9 FastPfu ZErbil, 2 ul 9 2.5
mmol/L dNTPs, 0.8 ul J5|#%1(5 pmol/L), 0.4 pl )
FastPfu 241 ; 10 ng 1) DNA #i4 . @Illumina Miseq
WF. A 2% BiswEER e PCR ™4, FIH
AxyPrep DNA Gel Extraction Kit (Axygen Biosciences,
Union City, CA, USA) #174lifk., Tris-HCI B, 2%
HiAR R KA . M QuantiFluor™-ST (Promega,
USA) #ATH € & . 48 [lumina MiSeq V&
(Illumina, San Diego, USA)REEAERFENE 4lifk J5 1Y
P8R B PE 2 x 300 A9 3CHE . FI A Tlumina 23 7
i) Miseq PE300 ~F- {3 #EA T Fr (bS8 75 A= Wy B 25 )
A RAT).

1.3 HiEsbiE

JEAG I RS Trimmomatic F{FmiHE, f
F FLASH #iA7f4e . (DICE 50 bp Y H, 4N
R FNAFR BREAR T 20, DB 1H RS o B8
FHEEL S v A P81, ZJa AR B S KT
50 bp (4751 ; @R Y B BRI overlap K Wit 5 51 i
TTPHE, BHER overlap 2 [H] i REETL %R N 0.2, K
JERE R T 10 bp, EBRTEPHENFI]; ORIET
B R MY barcode F5 [ 7 515 70 B RAFEA,
barcode FAGHAVLED, T¥AdF 2 DIFEAYESTC, 25
BRAF TR BRI B RE 1 91

fdi FHY UPARSE #4%F, R4 97% HUARMLEE X7
FIPEAT OTU B3, IHAERER R b LBR T 5 A
Ak . K RDP classifier U1 M-8 EXT 97% HIf)
K OTU ARFRFHNGEAT 325 LUR), XS Unite
8.0 B, BUE HXTE{E A 70%.

FIH iSanger 7EZ:F-15 F Origin 8.0 #1742 K;
it Microsoft Excel 2019 X a5 5 Fi o it 17 4%
B i SPSS19.0 GEit iRyt A7 B R 3R Uy 2253 B LA
e Pearson AT AHNE /AT o

2 HBREHSN

21 TEXES

Tk SR SR R R Ay R S R
FRIEBAEH . £ RIYEL BT 1 pH . HUKHR
FAE P S BT W& 520, {H MP Al MS 434 BT
TRA T EEARGEE D)o X CK AR, A fELL
Bl 2 o A N IR A i, MIP A PR AL 5 o
KB, WIS 15.08%, MA 1 MS b33 51
T 1.79% F1 4.76% . MA ZbHAG 5405 &5 CK 4B
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T EZES, MP FI MS A FRAG R & B8 CK b3
EFREEE, BRI 15.65% F139.96%.
2.2 tTiEREY

FH % 2 B0 P AT, 4 4 Ao R ) el ol il A 2 R
fEARHEE TR %25, B IR . IR
FEMERGE IO B R P E R B B 2R . 5 CK &b
A EL, MP FI MS Ab R Bl IR S 4 43 3 n T
30.53% F118.70%. #BIVEALFE(MA . MP ., MS)IK[it
I P38 T AR R AR P (CK), i MP b2 IR il
RIS CK AL R T 30.55% . MA Kbt A il 1%
PEFITE R B IS PEAE 4 AN BRI BN e 5
MP F1 MS Kb P FE il 7% 4 R0 P 2 1 T 4 TG

FER.
23 TEEHBEVAEARKRSHEY

AWEFEIN 4 A b B -1 b 43 545 31 49 105 ~
55386 SR ELIITAI(F 3)o #E 97% MK T, X T
AIFHHAT OTU 241, 4 Aab 3+ AT FR OTU
B 5324, CK. MA. MP Fl MS 4344 OTU #
3R 145, 144 164 1202 4.

254 BRI 7 5 B AE 99% L b, FoRMTE
AT A B . W T E(ACE $5 550/
Chao 5 %) . B #F £ #£ P 8 £ (Shannon #5 % Al
Simpson $&%0) M 2 PEHE £ (Smithwilson $5%%)
FEFTAT R BR8] TG B 3 25 5

x1 EREREBEZEYEIEXNLIE pHMFS L E2HFM

Table 1 Effects of maize-legume cover crops intercropping on soil pH and nutrients

g pH 5 (mg/kg) T (mg/kg) Bl A (mg/kg) WL (g/kg)
CK 8.35+0.07a 6.01+£2.07a 113.60 £ 14.35 a 58.80+£1.40b 12.26 £0.90 a
MA 837+0.04a 6.05+049a 134.75+17.87 a 59.85+7.08 ab 1343+£1.62a
MP 8.36+0.03 a 5.07+0.89 ab 122.17+6.33 a 67.67+1.73 a 14.07+0.72 a
MS 8.36 £ 0.04 a 3.61+£071b 11936 £ 17.11 a 61.60 £3.11 ab 1427+1.26a
T RPBIENEIE £ e, FISIARE/NG RS [F] A BRI 22 57 .35 (LSD 424, P<0.05); FIH.
x2 EXRERBZEYEENTREELEIFIEU/)
Table 2  Effects of maize-legume cover crops intercropping on soil enzyme activities
4b 3 PR P R T TR AR il iR Tt FEMI Al T 2 1 PUR R
CK 6 584.89 £707.96 b 11450.25 + 1490.24 a 218.65+9.73 b 42.44+8.60 b 0.36+£0.02b 46.04 +4.92 a
MA 7 399.02 £ 614.52 ab 12645.44 £ 1137.80 a 246.72 £36.52 a 57.00+6.23 a 0.49+0.03 a 44.84 +£0.63 a
MP 8595.02£873.20 a 13698.50 +480.91 a 285.44 +£10.07 a 39.02+£3.09b 0.35+£0.08b 40.49+2.02a
MS 7 815.96 £ 462.51 ab 13462.50 +2189.54 a 279.66 +17.01 a 43.63+8.53 b 0.33+£0.09b 4276 £4.71 a
x3 HRNFERREE o SHEMEDHT
Table 3  Sequencing results of samples and fungal o diversity analysis
Kb 51 T (%) ACE 8% Chao 5%k Shannon 5%k Simpson 5 %X Smithwilson 35 %%
CK 49 105 99.7 637.59 a 640.81 a 4.66 a 0.02a 0.05a
MA 51217 99.8 663.96 a 669.43 a 4.16a 0.04 a 0.05a
MP 55386 99.8 696.11 a 706.03 a 423a 0.04 a 0.05a
MS 58 047 99.9 777.93 a 7842 a 453 a 0.03 a 0.05a

24 TEEREBEERK

241 EHEREBEIDKESG BHE TS miE iy
TR RS AR T 154N, 434499, 93
H, 18548, 351 M E(E 2). FET K (K 24),
TR ] (Ascomycota) Ay FT A Ab 38 i AH X 3= BE fiw g
(61.89% ~ 71.49%), HAbALF T 53 1] & Bl 61 25 1]
(Mortierellomycota)(15.51% ~ 22.55%) . +H F &[]
(Basidiomycota)(3.30% ~ 5.85%). A& B[ J(Chytridio-
mycota)(1.47% ~ 5.82%)F1% 2% 111 (Rozellomycota)
(0.75% ~ 1.24%). 5 CK AbBRAHLL, FR4-1A]VEAb H R

T R ETAT | WA T TR AR L TR
IR RE AR I3 R T 11.88%(MA)FI 0.42%(MS);

B F60 B [ A X S RE ¥ 0E 2 A 2.39%(MA) |

37.65%(MP)Fl1 45.39%(MS). A [ [a] fF &b B X $H 7
1. AREA T TR ZE TR T 100 =E B2 AN ] . MP b3
TN XL CK A FRZ A T, i
MA 1 MS AbBRHHF R FEERE RS 43.59% A
41.20%. 5 CK AbBEAHEL, MP b PR & 1 1A XS =F
JERRTET 23.83%, MA Fil MS AbFRAYE BT AR R
JEY R TR, MA. MP Fl MS AbEEf 2 24541
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2.4.2 HEFEBEENKESTR A HTE N K FHJE P AN [R) 2 B 0 R R o

PASH E RS E K 2B Fis . HPEE >1%
MENA 6 4, 72650 #H 4 (Sordariomycetes,
39.53% ~ 49.90%) . %78 % 4 (Mortierellomycetes,
15.50% ~ 21.33%) . B 40 (Eurotiomycetes, 6.26%
~ 11.46%) . JR& %% I 44 (Dothideomycetes , 6.90% ~
12.00%) . fEE #49(Leotiomycetes, 1.45% ~ 3.17%)
AL H-2¥(Tremellomycetes, 1.16% ~ 2.46%).

R 1 MR Geby/E A R N e N
PR N R E RE R AN AL, AHER T CK 403, MA FiI
MP b FRER = T 2EC R AN AR B 5 BT AT B b 2
A7 e 38 T 20 R AR 2 B R PR T Rk s B f ]
A S R TR R AR A TR A B A A 2
FREEYE TR R, IR 50 R 2.26%(MA) |
37.61%(MP)F1 37.43%(MS); FH TR F by 2

[ Sordariomycetes
1 Mortierellomycetes
[ Eurotiomycetes
1 Dothideomycetes
[ unclassified_k Fungi[] Rozellomycotina_cls_Incertae_sedis
[C1GS13

1 Ascomycota [] Mortierellomycota
[Dunclassified k Fungi ] Basidiomycota

2.5 TESFS. BEEMABEEXNFEEEY

GBS S

XF b HESR Y | W RO E R A 2 AT
FRVEI T (R 4), SOREBW, T SRR AE WL Al 15
55 B iR R PR 5 e R 3 AR G o R IR
55 B R R IR OGS A LT A
IEMR . RS, TRETIMPEET]S 15
FeorRFEMIE, BRI TR 5 A Rk & &
WFIEMSC, S ERFE MG, SANLR
R OO s B 1] A RO R R T
G, SAPLEE B RFEMC, [N, THRE
55 IR Tl R I MUK % P 35 (RO OG , S M e R
il A 0 DR O 5 WAt 1] 5w Tl T I 0
e 25 IE ARG .

1 Tremellomycetes

[—] Agaricomycetes

[ unclassified_p__Ascomycota
[ unclassified_p Basidiomycota

[ unclassified_p__Mortierellomycota

(A) 3 Chytridiomycota [ Rozellomycota 3 others Leotiomycetes 1 others
100 - (B) 100
9 Q
< 80t < 80t
g =
z 60} _% 60 -
= =
ER = 40t
Sy \’l;\l
= 20t =< 20t
— =
0 1 1 1 1 0 I 1 1 [l
CK MA MP MS CK MA MP MS
QbR Qb PR
(A: TTKF5 B: 4KF)
B2 TEEFEARKFEARRZENEE
Fig. 2 Compositions and relative abundances of soil fungi at different levels
F4a4 TEFS. BEUHERMABEIIEITEEERIMEXME
Table 4 Correlations among nutrients, enzyme activities and dominant phyla in soils
pH  AXBE  HR A AV BRYEERIREE mOERRIREE  WKEE REVERE  mUMEEAR S HAIbERE
RYEBEIRES —0.28  —0.39 0.46 0.62" 0.66" 1
B REE  -0.58"  —0.67" 0.40 0.62"  0.89" 0.63" 1
g it -0.29 037 0.50 0.66°  0.82" 0.62" 0.72" 1
TN -0.09  -0.02 0.63° -0.32 0.05 0.10 0.11 -0.05 1
WHEAE  -0.09 0.42 0.73"  -0.19 0.01 0.17 -0.06 0.02 0.81" 1
WEMAER 028  —0.07 0.28 -0.49  -0.19 —0.24 0.04 -0.38 0.60" 0.44 1
TR 0.55 0.63° —0.61" 050 —0.72"  —0.60" -0.82" -0.70" -0.26 -0.13 —0.19
HFHE] -024  -0.36 0.20 0.26 0.20 0.34 0.30 0.25 ~0.09 -0.01 -0.02
AR -0.11  -0.12 0.07 0.29 0.02 0.01 0.09 0.26 —-0.26 -0.34 0.41
BE] -0.27 -0.63"  —-0.07 0.43 0.65 0.47 0.73" 0.49 -0.20 -0.31 -0.25
B -0.42 -0.14 0.20 0.09 0.08 0.17 0.20 -0.11 0.03 0.17 0.12
e RS RS B A DG (P<0.05) FAR i 25 A 96 (P<0.01),
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AP b, SRMEY S HALEY RS, X
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it G RMERI I SR A S D 3k
SV ASE A ONEALE (NN EE A R e N
W, IS AE B S BOR AR R AR BRI, E
e e R i AT, TRl AR B - A AL
Fror e A EOR T ol A5 T AR B, X SR R
5 RAFMEYIAR BRAR F AR 25 R4
3.2 EXREMEZEWEEN LIREEFENZM0
TIEEEZ SR A SRS AR AT
AR bR EE A AP WEER, ERE
PHE AW AR L SRR MR M 1 25 ey, X
5 KT A PO A A R R T 2 R 2, B
(LR T A ey - SRR A WA TR I Fr) 915 A TR A 1
TR R R SR ALY ST A, il I AR
TR R, IR0 LSRR PERERR GG ML, X nT Ag
S AR B SRR AR L L N o SRR i =
SR FAK IR, AL R al O 25 1
R o AT IR AL BEA - SR g T 5 TR AL
B+ HEREEE T, X5 Fu SFPFE DU 70 oK
LRI 25 AR R 3k U A5 POTx - St 0
5 H A FOC R RIS R I, LSRR 132
TIRERA UG SRR, BEH IR R AN,
TSRS PRt — 2 T S R A
MR R T S A RAA IS ALY
B, TR KR R A Y R R
— o SRR 7R 0 - S R R SR B AR A

FH 25 o 1 v T K A (] 4 A L) TR TS 1 N ik
PR B PR T LA, AR R TR T
TEBRZ AR R AR PE K, MIE T MR EAR R
A L3006 B 22 1 R it R 2 1 T
33 EXRERBHRMEYEMEN LIBEERREYE

A=A

AbFE B, (VR AL FE ) 1 458 FL T o0 A R ik R+
PEP ] (Ascomycota) . #{H1%E[ ] (Mortierellomycota)
1 1# '] (Basidiomycota) . 4% [# [ ] (Chytridiomycota)
% 25 [ 1(Rozellomycota)%s 5 /41712, By Fbfsihy
91.28% ~ 95.65%. MELLHFEC NS A A AR R 2L I
RETS AT R, TR AR AR B B A A B
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