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Abstract: [Objective] The global wolfberry (Lycium barbarum L.) industry is undergoing a paradigm shift from
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traditional Ningxia-dominated production to multipolar cultivation systems across Northwest China. In this
transitional context, developing sustainable soil management strategies becomes imperative for maintaining
agricultural productivity and ecosystem resilience. While cover crop intercropping has emerged as an advanced
agroecological practice demonstrating dual benefits in fruit quality enhancement and environmental stewardship,
conventional field management approaches; particularly long-term monoculture and chemical fertilizer
overapplication, continue to compromise both yield and phytochemical quality of wolfberry. This study
systematically investigates the rhizosphere engineering effects of wolfberry/forage radish (Raphanus sativus L.)
intercropping coupled with organic fertilization, focusing on its mechanistic impacts on soil microbiome
restructuring and metabolic reprogramming. [Method] This study investigated the effects of wolfberry (Lycium
barbarum L.) /radish (Raphanus sativus L.) intercropping with manure on edaphic microbial communities and
metabolite profiles through a split-plot field experiment(2019-2021)in arid northwestern China. It also considered
the effects of cover crop planting patterns on soil microbial community structure, metabolite composition, and
yield of wolfberry orchards. Three organic fertilization regimes (0, 6 660 kg-hm, and 13 320 kg-hm?) were
applied under two planting systems: monoculture (M) and intercropping (I). Using Illumina high-throughput
sequencing technology, quantitative PCR methods, and liquid chromatography-tandem mass spectrometry
(LC-MS), microbial information and metabolites were measured. The correlation between soil physicochemical
properties, microbial diversity, key metabolite components, crop yield and its differential metabolites, microbial
diversity index, and environmental factors under different planting modes was analyzed. [Result] Compared with
the traditional wolfberry monoculture, intercropping significantly enhanced soil multifunctionality, increasing
surface soil electrical conductivity (EC) by 29.66%, organic carbon (SOC) by 47.80%, total nitrogen (TN) by
39.09%, available nitrogen(AN)by 46.23%, available potassium (AK) by 36.64%, and microbial biomass nitrogen
(MBN) by 22.56%compared with monoculture (P<0.05). Additionally, intercropping enhanced soil microbial
diversity, with the bacterial Shannon index increasing by 4%and the Simpson index decreasing by 43.04%.
Metabolomic analysis identified 867 metabolites, including 84 differentially abundant compounds such as lipids,
organic acids, phenylpropanoids, and carbohydrates. Among these, two key metabolites were positively correlated
with yield enhancement. Consequently, wolfberry yield increased significantly by 6.36%. [ Conclusion] These
findings indicated that cover crop intercropping improved soil microecological conditions, induced specific
metabolite shifts, and effectively enhanced wolfberry productivity, demonstrating its applicability in sustainable
wolfberry cultivation systems.

Key words: Lycium barbarum; Forage radish; Cover crops; Organic fertilizer; Microbial diversity; Metabolome
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1.1 #ARXER

2019 4=, H ] A7 567 7 EAR )1 [E MOl /oAl T RE S AR FC G s 3 4 (38.41°
N, 106.17° E) FFRE. ZHIXEEHKZ 1110 m, @R K<, BABRIEER. B
KD (AEH) 200 mm) |« 7&K 58 (415 1883 mm) | IR (4E¥) 8.5 C) « AR (160~170
d) DAERAFETFE. WUFEZ KSR,
1.2 ¥t

RIGEH T4 8 5 (Lycium barbarum L.) F1{9 & K (Raphanus sativus L. var.
longipinnatus) 1EMIFCFIAE FHE b B0 P MG ERE R, MARCHRATEES 1 mx 3 m,
ITIARIN, AT H IR EE B, BIERAT, EHE Tl 2RI (8 A B ¥
MIFCATER, BREE 20 cm, FEMIFCAT 20 cm, #EFRIRRE 1~2 cm, %9482 bt 33 300~37 500
Mo IEHZ MAEEEH, 12 A NHRGETE TIREEEEEE, HALVE 54 S HE
B —2

IR X BT, BT RNREER (A, SFEGMEAE (M) A -E m s
NEME (D BRI BB ENUEEHE (B) , MABVIE (O , AR (00 .
W (PR 2kg, O1) A (FRFk 4kg, 02) =AKF. RAGEEMILX AR, 3 KE
2, /NXHEH 120m* (20mx6m) . WALEHIRE . B BRI, MfdT 4 H T
26 A N6 AARE 7 H N MAREENE, &R N 120 g, P,05 60 g« K;0 75
o JRM MR F BRI it v it FH RS R 3%, T AEVAFE R T 30 cm, IR BE% 30 cm, it A & 53
N 0. 6660 F 13 320 kg-hm'2,
1.3 HmRESH

2022 4F 8 A _FAIMIACIER G RAE T IEREM . B/ NXEREL 5 AMEE A, R4 0~20 cm +
EHIE, REBAEERARRRRE MR, 12 mm §F, KT SRR AT i
5 PRI EEMIACAERE, DA, TERERT 30 cm HIST A2k 4 AN THS HURE . T B R 22
J&i» 5 R4E 5~30 om PRI HIEAR RIBAFE, FHRVU M REURE, B34 480 v
RACBE S, DRAFAE-80 ‘CUKAH, TR Z RS b, — o F i R T
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+3% pH RA AL OKERER 25:10) e, B5% (EC) RAHRSENE. %
AWK (SOC) FAAZ (TND F3Jil K FH B AR FR A AN AL RN I ke, AEDAEY)
=ik (MBC) R ER (MBN) RHEEZA TN E. A (AN, AR
BEZAD KA 1 mol-Lt KCI 23—zl #r{ (5000, SKALAR,fif==) yEME, A 2800
(AP) XH 0.5 mol-L** NaHCOs ZHe—4HEf Pt ikl e, HAE (AK) KM 1 mol-L*?
NH4OAC IZF&—KJEGEE VAN E S, 85875 H R A TR IGE .
1.4 TIEFEIERRRNE S 95

DNA #2iU57%: 2| E.Z.N.A®Soil DNA il (OmegaBio-tek ZE[E) Htnitt, Mt
A R AU DNA, 31K H 1% 135 IR BE B H ik H AR 454 NanoDropND-2000( Thermo
Scientific, S£[E) M5 DNA (5. IREMANEE . PCR 1. 415 16S rRN 1) V3~V4
X F A @ B 5 % 338F ( 5-ACTCCTACGGGAGGCAGCA-3' ) Al 806R
(5-GGACTACHVGGGTWTCTAAT-3") #47 PCR ¥ #8014, 5 B 1 At ITS1 X ) 8 FH 514
ITS1F (5-CTTGGTCATTTAGGGAAGTAA-3") Al ITS2R (5-GCTGCGTCTTCATCGATGC-3")
HF PCR ##4051, ¥l FE7E [llumina Miseq PE300/NovaSeq PE250 “F- 44T, JRIGHEE 1% 2 H
FAEVFARAE B 0T 5 BAEREEE (NCBISRA) o KH] fastp B4F (V. 0.20.0) X4
BT FE ST s, IR FLASH BfF (V. 1.2.7) $ATR0m B2 . R4 568
TN 5| PR X REAS TR B P B 7 ), S TR A% 22 1A VR UGS, 110 51 0 P B KA R UL AT
RN 2, rEREARNFEYS 5T 35000 454, 148 UPARSE #ft (V.7.1) , 1%
8 O7% I ARALLFE XS 4 7 HEAT T 0 R R E, AR T H A ik Gk .
1.5 HIEKR IR

REHAIIE 100045 mg MIFEAZ 2 mL B0, 85 TN 6 mm [ B 2k A0 1 000 pL f4&
Bl (RS KRR 4:1, FHEEDIMAR) o AR REZENGELT 6 min i
(-10 'C, 50Hz) , A5 KR A 3 H2EE 30 min (5 °C, 40 KHz) ; 7E-20 C%MH T
FHE 30 min, B0 15min (130009, 4 C) , FFHARSKT LIEWG B _LisE o 6 R B it
(7 AT 0 B4tk . Ii 120 pL BRI (LIS 5K RN 1:1D) , WieiR 4 30s, #%
FAE R A IR EL 5 min (5 °C, 40 KHz) , B> 15min (130009, 4°C) , #ejaBH
FEBBIEN NI, B REAY M 20 uL ISR TIR A, PAHIEFEREA (QC) .
K HBAH - B B2 AR (LC-MS) , 4-#rffi | AB SCIEX UHPLC-Triple TOF £%t. 4
MR 2 F: ACQUITY UPLC HSS T3 f4ifi 4+ (100 mmx2.1 mm, 1.8 um; Waters, E[E) ,
HAvashtE A #195% (viv) BIZKFI 5% (viv) HIZHE CEERIRE 20 80N 0.1%K R 4
B, EIAH B WH 47.5% (viv) BIZHE. 47.5% (viv) BISEREERI 5% (viv) FI7K CRA 1R
FRE BN 0.1%K ) 41k, g N 0.40 mL-mint, #EFEE N 10 L, AR~ 45 C, &
S 36 T 0 AN [F) AR R et 3R A T S A9 B SR AR A BRI SR R, SR S L Y
IEA B FARREEFEE 5, RANPRETH RS &7 IR R, FFAT e e &5 ir. T
PEREA R BB P A R AR R B S AR BRS04 1, - SRR EAT RIE I A BRI, Ay
TR R R e M, B 5~15 DO HTREAR TR R TN — AN RIS FEAR
1.6 B

BT RIEERAGIE R, SRR 7 25041, HFLE 5% R E MK T, 18 HXEH (Duncan)
% RGP AME BT EL A, R Origin 2022 BRAFHEAT 4 B o 7R 508 3 M 7 TH, 5B ropls
(R B I g/ T 40 A s BEXF % (0 22 AR, 12 scipy (Python %)
AT H BT (VIP) o Ak, 8 R R N S B A B R PR E (KEGG)
DA ANERBHEAEEEE (HMDB) X 2 ARt AT R .
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2.1 BEEUNSTHRDIRBEHCMERTK

HEE 10750, 5 M ARBAELE, | AR R 52 1 13 EC. SOC. TN. AN, AK Al MBN
. HdrSOC. TN H1 AN IR Vw3, 7nlik$] 47.80%. 39.09%741 46.23%, H -+
HERE (BD) BEMMK (P<0.05) . 5 MO, AbHAHLL, 100 4bFEf#i#5 11 BD &3 T %,
i +-3% SOC A1 MBN 2141, H80E 5% A4 49.87%F1 47.79%. 5 MOy AbHEAHLE, 10, 4b#E
N2 BD R ERK T 2.43%, 118 SOC BEH N, HIEA 46.20%; 5 MO, 4bHEAHLL, 10,
RFRR RS T L3 EC. SOC. AN Al AK & & (P<0.05) .

% 1 BEMBYIRAIE T TR M FRASE

Tablel Characteristics of Soil Physicochemical Properties under cover crops and organic fertilizer treatments

BD/ EC/ SOC/ TN/ AN/ AP/ AK/ MBC/ MBN/
Kb FR
pH (g-em?) (uS-cm?) (g'kg?) (g'kg?) (mg-kg?) (mg-kg?) (mg-kg™) (mg-kg™) (mg-kg?)

MO, 9.06+0.04a 1.46+0.0la 124.65+6.01b 9.37+1.94c 0.99+0.25a  31.90+2.17b 32.84+3.47a  49.64+4.22b 116.93+38.64a 32.18+2.56¢
MO; 9.11+0.0la 1.45+0.0lab  143.27+6.01bb 9.33+0.95bc 0.94+0.22a  40.61+3.24ab  34.27+2.92a 71.89+14.45ab  142.15+12.24a 40.85+0.59ab
MO, 8.92+0.14a 1.48+0.02a 120.61+11.29b 8.84+0.99¢ 0.42+0.17a  29.00+5.05b 28.93+4.15a  56.7745.36b 141.23+23.14a 39.46+0.47b

10, 8.99+0.07a  1.42+0.0l1bc  151.23+27.92b 11.55+0.49ab  1.274+0.35a  48+11.74ab 30.18+4.84a  79.10+6.67ab 144.35+4.54a 48.10+3.91a

10, 9.02+0.01a  1.42+0.00c 163.5948.57ab 13.64+0.85a 154+0.16a 52.71+3.38ab  39.95+3.17a 83.69+13.47ab  156.66+9.18a 46.87+1.77a

10, 8.90+0.05a 1.45+0.0l1ab  207.85+23.74a 13.06+0.89a 1.29+0.19a  60.49+12.07a  39.43+3.94a 94.40+12.44a 152.39+27.67a 42.91+1.94ab

A ns *% *% *k*k *x ** ns * ns *kk

B ns * ns ns ns ns ns ns ns ns
AxB ns ns ns ns ns ns ns ns ns *

7#: BD: LEIAE; EC: MTE; SOC: THEFHIHG: TN: &%: AN: HRAE GEASEMMEZED ; AP: B
B AK: BEAUH; MBC: WUAEMAEYER: MBN: EEMAEMER. MOo: HAEARMEE: MOy HEIEM h=HHUE;
MO,: SN EEANIE: 100: AL 10 B P EAVNE: 10, AR & A PUE,
A: MEREEA; B: AHULHIMEH: AXB: Bl SN EER, RFIARE/NG SRR AR LB R 22 7 12 2% (P<0.05):
*P<0.05 **P<0.01, ***P<0.001, ns: £EHE L. N, Note: BD: Bulk density; EC: Electrical conductivity; SOC:
Soil organic carbon; T'N: Total nitrogen; AN: Available nitrogen (ammonium and nitrate ); AP: Available phosphorus; AK:
Available potassium; MBC: Microbial biomass carbon; MBN: Microbial biomass nitrogen. MO,, MO;, and MO, represent L.
barbarum monocropping with zero, medium, and high levels of organic fertilizer, respectively; 10y, 104, and 10, represent L.
barbarum/R. sativus intercropping with zero, medium, and high levels of organic fertilizer, respectively. A: Cropping system; B:
Organic manure application; A X B: Cropping system X Organic manure application. Different lowercase letters in the same
column indicate significant differences between treatments (P<0.05). * P < 0.05, ** P< 0.01, *** P < 0.001, ns: not significant.
The same as below.

22 BEEYNSTHEDETESHMTK

P 1a~K 1d 7T &1, 5 M B, | AR N4 A K (Shannon) $R%0E.3E FTh, 1
M 4%, FEFR (Simpson) FREUEE TF%, FRfEIA 43.04% (P<0.05) ; [ Ace #1 Chaol
FRB B IHARE . EEE ST (B le~El 1h) , 5 M A3, 14T Ace
F1 Chaol e B 2 U LTt &%, HERIFALEZE, Shannon A1 Simpson F8EUNTE & 3 421

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

e BLEARRNG EREROR AR LB R 2 5 8. %% (P<0.05); * P <0.05,

lowercase letters indicate significant differences between treatments (P<0.05).

same as below.

**P<0.01, ***P<0.001, ~Id. Note: Different

*P <0.05, ** P <0.01, *** P< 0.001. The

B 1 AFEEAEALEE N IEE (a~d) FIEHE (e~h) o ZFEME (a, e. Ace #5%k; b, f. Chaol #6%3L; c,
0. BRIBEG d, fENHRER)

Fig. 1 Alpha diversity of soil bacteria (a~d) and fungi (e~h) under different treatments (a, e. Ace index; b, f. Chaolindex; c, g.

Shannon index; d, f. Simpson index)

2.3 BEEUN S TR TR PRIGERET K

2.3.1 LA NRIEMRAREEMER DY AB T 14 35,
Y (R 2>, /D IR (PLS-DA) FERLBEAT 74T,

Hit 867 AL &
ZEREIR, AFTH

R AR 2L IR 22 5, Rl WA e R, HAEARSICR R, £ B AL
v, BRI RTARRERE (R?) AR R FO A (Q2) HIAEE /7~ 0.259 1 0.163, 3K AH %M
AEELAEBS, BABONEERTEE 1 (F2) .

*® 2 HEARBRIEIS 3

Table 2 Classification of metabolites in samples

FF el HoE sk
Serial Number Category Quantity Proportion /%
1 g R AIZE RS> T4 Lipids and lipid-like molecules 374 43.14
2 oAb 44 Not available 134 15.46
3 LR K HA7 44 Organic acids and derivatives 92 10.61
4 HHLIIZ 3834644 Organoheterocyclic compounds 69 7.96
5 HHLE A S Organic oxygen compounds 64 7.38
6 I LEH ¥ 5% Benzenoids 49 5.65
7 N BRI Phenylpropanoids and polyketides 34 3.92
8 . ERZ Nucleosides, nucleotides, and analogues 18 2.08
9 AW e AT A4 Alkaloids and derivatives 16 1.85
10 HHLEA S Organic nitrogen compounds 10 1.15
11 1z Hydrocarbons 3 0.35
12 HHLER AL &4 Organosulfur compounds 2 0.23
13 HHL 1, 3 #A1k&4 Organic 1, 3-dipolar compounds 1 0.12
14 HHLxE kA% Organohalogen compounds 1 0.12
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ercent of total variance

i
®
e Pe

T 03
W1 Compl W1 H Comp2 IS S IR The value of permutstion test

145 Componeat

K 2 T AR HEIEE (HMDB) FEah A (i e/ — 331050 73 Hr (PLS-DA) #3470 () o it
RIGIEE (b)) FE AR (o
Fig. 2 Partial least squares discriminant analysis (PLS-DA) of sample metabolites based on Human Metabolome Database
(HMDB) (a), score diagram (b), model validation diagram (c) replacement test diagram
232 HI|AWAZERIIT AN LI ARV BEAT RIE N, TR T PLS-DA 73T, 45
KL, ARMEEX TS YES AR 2T BE KBS (83)  FEARRGAERS
Z5, FNANEDZERBSBOR R, RUNZEHR RS, ST R 2R 2= 2R
e

WFEE Companent2f
@
&
]

oo

55 SRR Compronent2(27,00%)

a
351 4R Componeni2(22.

El N 10 0 <30 -20 -10 0 0 20 m s e 5 o H
L5 A FEHE Component1(43.00%) A I Component1(33.00%) il 5 RTF I Component1(35.20%)

Bl 3 AN R AL 1] A A Fi /s — IR 20 (PLS-DA)
Fig. 3 Partial least squares discriminant analysis (PLS-DA) between different treatments
BT PLS-DA 73 M4 R, i FE R 2 2 o gt it 70 VIP>1 H P<0.05 &A1Y,
e 2 3 2= AR . X 100 vs MOo. 101 vs MO;1 T 102 vs MO, = 4 itk 4T 22 AR )
I3, 102 REPRALTH 1646 € Y B2 = R NI B IR 2, 15 119 F, Hrp 109 F g 25 1R,
10 A& Nif; 100 LB B35 2 R AR 61 A, b 49 MRS BIR, 12 FREET
s 100 AL HRAL I 25 22 AU YA 40 b, Herb 20 RhiR 2 iR, 11 MR NIE (B 4)

7:: log2FC: 533 L{E, -loglO(P value): Ziit2#Hii{& . Note: log2FC: Fold change value, -log10(P value): Statistical test
value.
Bl 4 A [R] b 2H R ) 22 S AR 2 b

Fig. 4 Differential metabolite analysis between different comparison groups
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HT ARG VIP>1.0 MIRAZER UG P<<0.05 FFfiLhrik, #1720
Yk, W33 Frow, AL ERZH (A AR A B R I 2 S A S AR AE: 100 AL BRZH IR
FREIILA 35. 7191 AHS F 5 i Sy, O HE LIRSS (15.48%) , TiJ5 ERfL & CF
HBITEYD) (HEHRAC (3.57%) o 100 AbBRALIRI 5 L2 E $ETH 2 47.37%, KR CRIF
RSV « AR AN EY) S0y 7.02%, A HLER &5 LE T %2 5.26%.
10, AL RS (42.31%) HIRFFILBILAL, HHLK (14.74%) S5IMLEW) (7.05%) Ik
o RATULEY) . R FERANIZRERZE DL A LA S IS LE B A RHE (7% 5.77%)
R IAEWE AT P] BEARAE B RPN L o

%< 3 100Vs MOo, 101 vs MOy, 102 vs MOz 8L FE B9 = X 15149
Table 3 Differential metabolites in the treatments of 10, vs MOy, 10; vs MOy, and 10; vs MO,

Pl Fr 5 ES| i it

Treatment Serial Category Quantity Proportion/%
group Number

100 vs MOy 1 Jig R AR 4> T46 &4 Lipids and lipid-like molecules 30 35.71

2 F43 254k 44 Not available 21 25.00

3 B WL & HA74: 4 Organic acids and derivatives 13 15.48

4 KRR EEIZE Phenylpropanoids and polyketides 6 7.14

5 H LI 43R 251k 4% Organoheterocyclic compounds 5 5.95

6 IG5 K 4k 41 Benzenoids 3 357

7 A b HoAiT A4 Alkaloids and derivatives 2 2.38

8 HHLE A A9 Organic oxygen compounds 2 2.38

9 J&24kA % Hydrocarbons 1 1.19

10 HHLBR AL &9 Organosulfur compounds 1 1.19

10, vs MO, 1 g B A2 g 7> T4k &9 Lipids and lipid-like molecules 27 47.37

2 F43 24k 44 Not available 8 14.04

3 HHLZF 21044 Organoheterocyclic compounds 4 7.02

4 FRINGE K 16 &4 Benzenoids 4 7.02

5 HHLEA A1 Organic oxygen compounds 4 7.02

6 B WL & FA474: 4 Organic acids and derivatives 3 5.26

7 P IR AEE AR Phenylpropanoids and polyketides 3 5.26

8 AW K HAiT2E 4 Alkaloids and derivatives 2 351

Bitf . B Nucleosides, nucleotides, and
9 2 351
analogues

10, vs MO, 1 A RN HE 2 74k &4 Lipids and lipid-like molecules 66 42.31

2 Kok E4) Not available 23 14.74

3 B LR M A7 £ Organic acids and derivatives 23 14.74

4 ML 22 ¥R 3510 &9 Organoheterocyclic compounds 11 7.05

5 R EUL A4 Benzenoids 9 5.77

6 T KA A Phenylpropanoids and polyketides 9 577

7 FHHLEAL AP Organic oxygen compounds 9 5.77

8 AW HATT £ Alkaloids and derivatives 4 2.56

Bt BHER 2 Nucleosides, nucleotides, and
9 2 1.28

analogues

BT ESREAE ST EEEERE VIP G (B 5 K, ARG ARERE
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Tt 27 Bl o 100 A BRZHTE B AL S A £ AR R, FRBEAR 205 T etk S A %
WUEMHIHEIZR, 5 MO1AHEL, 101 403 23 19 FHACURY) VAT 11 B R iE. 102 403
ST T HRPT-R N 2R -5 = A — AR AR N 4%, 5 MO b BEAR L, Forb 27 MR it A4k
AW, T3 MR SR E T . KEGG E4EEM T (K 6) #x T e
P, 75 e PRE AL BRI O T AR R R, AN [F i AR B AL B e S T T T AR A
pliifE e

K5 Ry EENEBEE T (VIP) BIZE R

Fig. 5 Heatmap analysis of metabolite variable importance in projection (VIP) expression

Bl 6 Lol zm R mERRA TR BEHEE (KEGG) T iiEik s 4
Fig. 6 Pathway enrichment of differential metabolites in the Kyoto Encyclopedia of Genes and Genomes (KEGG) database

2.4 i E

HE 7 /A, 5 M ACBEAFIEE, | A2 F)MAd = B R 5w, BEIEIL 6.36% (P<0.05) .
5 MO /bBEAH L, 100 A EEH FAT = i BRI EFESH, EERHFALEE; 5 MO HH
b, 101 AbE M = B B 2 3, BEIEA 11.39% (P<0.05) ; 5 MO AbFEAHEL, 10, 4b#E
AR s B2k, RMERARE. WFEAEAMMAL 2T 00 &8, 10, 22
N, Ml e Rk B K

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

12r
A: F=6.130% B F=0.161
AxB: F=0.86
10r a ab
b
ab ab a£ —I—
— b 1
CF
o 8
2 6F
=
>
Sk
s
0
MO, MO, MO, 10, 10, 10,

b PE Treament

7 ANFEALE MR R
Fig. 7 Yield of wolfberry under different treatments

2.5 ZFRHYSREYRRRIHERI Y

PSR B SR LA A YRR EYAEE R SRR, DU SR
B2 (R A DS R FF 43T . Bl 8 W, LIERUEM A E A (MBN) 5 = S-o- W RIR
16-Fr] BRI A AR RIS KR8 R B 3. N-FEIM &R Z A 2 B R K AR (P <0.05) ;
HEAEA (Shannon) 16505 HE F 4 (Simpson) FE%. 16-FiZRME EIERAAIIRER . N-F&
R IR E AR (P<0.05) ; FAEFEMEES 5t 8. N-FRHER LA™
BEHEREFIEMRK (P<0.05) ; b4, RS N-BRINER. fic R FRERIH &
FHIEMX (P<0.05) .

) ) H ® ® e ® & !
<0.51 pH o ® [ ] 08
033022 BD @ @ o090
066 -0.38 -053 soc @& & QO o & ® O 06
045 -0.24 -0.57 0.61 MBN @ [ ] ®0 o *
042 -0.45 -0.23 0.62 047 MBC ks
10.040-0.027 042 -0.13 -0.36-0.071 B-Sh . ® © [ ] oz
-0.19 0.15 -0.24 0.020 0.15 0.018 -0.92 B-Si
032 042 0.37 023 -042-0.084 0.55 036 F-sh () o000 ® —Ho
036 -0.46 -0.16 0.19 038 0.14 -047 029 -093 F-Si
0.5 -0074-0.45 0.72 060 021 019 012 042 0 @ & @ ® 1
052 -0.32-0.57 0.68 0.68 026 -038 023 060 046 086 ) @ ® 4 o4
0.49 0.085 -0.61 0.51 0.58 0.21 -0.45 037 -046 0.30 0.70 0'72mclub 607 i
0.65 -0.40 -0.30 049 0.44 0.19 -0.150.097 -0.43 038 0.74 0.81 0.4;,;0“', FN K 0.6
035 -0.34 -0.12 0.16 -0.018-0.076 0.18 -0'09%0,00177014 044 041 0.16 G'brécmb H@ L

=7 08

0.64 -0.35 -0.37 0.52 0.51 0.16 -0.30 0.22 -0.49 0.41 0.80 0.82 0.53 0.96 0.62
metab_2203

0.50 -0.43 -0.36 049 0.26 -0.0510.072 -0.13 -0.21 0.16 042 046 024 047 0.55 045 Y

* P=0.05

: MBC: UM EWERR; MBN: fUAEYAEYER: B-Sh: MEERIES: B-Si: 4HH ¥ SR MEG F-Sh: HEER
P88 F-Si: BB P WARIEEG Y R, ARUXTR ID: metab 1532: - o -TEFRAR; metab 2162: 16-Fa Bk A AT A
Ji2fi5; metab_607: >K/Rf%E5 2K B 3; metab_482: HI4( & MENE; metab_1502: ¥ —Ji&; metab_2203: N-#ZHZ& 2. Note:

MBC: Microbial biomass carbon; MBN: Microbial biomass nitrogen; B-Shannon: The Shannon index of bacteria; B-Simpson:
The Simpson index of bacteria; F-Shannon: The Shannon index of fungal; F-Simpson: The Simpson index of fungal; Y: Yield;
Metabolite ID: metab_1532: Dihomo-alpha-linolenic acid; metab_2162: 16-feruloyloxypalmitate; metab_607: Milbemycin beta3;

metab_482: Trimetoprim; metab_1502: Eicosanedioic acid; metab_2203: N-Hydroxy phip.
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Fig. 8 Correlation analysis of microbial indexes and key metabolites
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