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Abstract:  This study used electric heating wires to
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warm the strawberry cultivation substrate to 16 °C and systematically analyzed the effects of the heating treatment on the mi-
crobial community structure in the rhizospheric substrate of strawberries through 16S rRNA and ITS high-throughput sequen-
cing technologies. The results showed that the heating treatment changed the microbial community composition in the rhizo-
spheric substrate of strawberries. In the rhizospheric substrate of strawberries, the richness and diversity of bacterial commu-
nities significantly increased ( P<0.05), while the diversity of the fungal communities significantly decreased ( P<0.05).
Compared with the non-heating treatment, the abundance of Proteobacteria, Chloroflexi, Gemmatimonadota, and Streptomy-
ces, Bradyrhizobium , Pseudolabrys, and Bryobacter in the bacterial communities significantly increased (P<0.05) after the
heating treatment. In the fungal communities, the relative abundance of Ascomycota, Trichoderma and Leucocoprinus signifi-
cantly increased (P<0.05). Notably, the relative abundance of Trichoderma in the strawberry rhizospheric substrate signifi-
cantly increased by 1 298% after the heating treatment ( P<0.05). Community function analysis showed that after the heat-
ing treatment, the relative abundance of bacteria in the rhizospheric substrate of strawberries enriched in purine metabo-
lism, aminoacyl-tRNA biosynthesis, porphyrin and chlorophyll metabolism, nitrogen metabolism, cell cycle and ribosome
pathways increased, while the relative abundance of fungi with pathotroph type, saprotroph-symbiotroph type, pathotroph-
saprotroph type, pathotroph-saprotroph-symbiotroph type and saprotroph type decreased. This may be because the increase
in the relative abundance of Trichoderma led to a decrease in the number of pathogenic bacteria. In summary, substrate
heating optimizes the microbial community structure in the rhizospheric substrate of strawberries by increasing the abun-

dance of plant growth-promoting bacteria such as Sireptomyces and Trichoderma, thereby promoting strawberry yield im-

provement. This study provides a theoretical basis for temperature management in protected strawberry cultivation.
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Fig.1 Schematic diagram of buried electric heating wires

1.2 E[F DNA RIS 5EENF

1.2.1 AR E T 2023 4E 3 H (BAH = E4k
TR 43 SR S A 1 T Ak P 1Y) R AR R 6 T (CK2) AN
PR R R A B BE AR PRAL T (HF) . HLAK
TN NDIZBUGE AR, R B R B IR R, BHEMR
P, (T B SRR R B T, B b 3 oL
W4 ANHEE BAEE W RS PLE R 5
PRELEEAR PR AL SR B A, (AR AR AR A B 1Y
iR AR LT (CK) o

122 K DNA #235m 5 FIH] DNA 387 & (7
5 D3142, M SEFEA IR AT IR w7 ) SR O B
DNA, 478 . § 12065 168 rRNA IFERFESIHIV3 ~ V4
X (51 ¥ 341F; 5-CCTACGGGNGGCWGCAG-3'; 806R ;
5'-GGACTACHVGGGTATCTAAT-3")"™ | . Wi, ¥ 1%
ITS2 X (51 %) 1TS3 _KY02: 5'-GATGAAGAACGY-
AGYRAA-3'; ITS4; 5'-TCCTCCGCTTATTGATATGC-
30U P95 C HUAETE 5 min;95 CAETE 1
min,60 CiB K 1 min,72 CIEMf 1 min, 30 PMEH;
72 CAIESH 7 min,

PR Z (50 pl) :5%Q5 Reaction Buffer 10.0 L,
5%Q5 High GC Enhancer 10.0 pl.2.5 mmol/L dNTPs
1.5 ul B F#51# (10 wmol/L) 4% 1.5 wL.Q5 High-
Fidelity DNA Polymerase 0.2 wL 454 DNA 50 ng, PCR
FEYIZ: AMPure XP #2146 1871 & ( Beckman Coulter
/NG EIIII!I)gEE'pCE ,ﬁﬁﬁ [llumina DNA Prep (Illumina o
RO RSO, BRI G A% S, R A Hlumina
Novaseq 6000 *F-F5 1Y PE250 #HE il /3, 3 phy )M
St AE MR BR A R SEAR
1.3 HESWERRKLE

XoF I B AT A B S 5% B R IR 3 (N) =
10% 7751 ( Read ) , 2B Phred Ji 14 <20 A
mi t=50% 750, it — 20 DR S Sk P 5, XS

B B AT LR AR B o 4 IR /N B K
10 bp FHECHRAE T 2% 1 55744 15 B it J7 91 ( Clean
read ) HEATHHE , AL MPRZ )P (Tag) . KBRACTTE Y
b5, Il Usearch T E.3% BB AHLEE =97% )1
WERS R R BR 25 791 ( Clean tag) SIS A HRIE /2
JL(O0TU) . T R EF TR F LT o 2R
(Shannon 8§ %0 %5 ) 70 ¥ A1 B £ #E P 43 #r; Al H
Tax4Fun Xt 25 AT BESE AT 000", I A FUN-
Guild X LB ) BESRESEAT R ™ s FIHT SPSS 21.0
AT J7 22 53 B, FI T Omicsmart 7E 481 5 (http://
www.omicsmart.com ) 4T ECE AT ALAER]

2 ZER55T

21 ESREAESERMEDEEENFER
N 1 FroR, 40 REVE 5 I, 7 CK1 gL 5 Al
CK2 ., HF2 A4b 3 % &5 A By 5L 5T b, 43 ) A 0 2]
487 105,488 205 F1 488 095 4% = it & JF 51, XF i
389 955.392 1421392 65255 =l br s, Hob 4 9
RO BERUPREE S0 141 134 (157 2471146 21245,
FLREVE 71, CK1 FE M CK2  HF2 A4b B R AR AR
T Ay BRI 31464 193 510 0811512 051 4% 5
FHE S, K403 595 444 2431456 915 5% = Ji it
PRE, Hod A W R BRI bR 2 ) 5 o 384 237,
426 962F1443 55155, 3T OTU %2z il # Bl £,
W 2 o, B I P S R 384 00, 45 Ak B F 77 86 o 4%
IR TR, 22 B Y w0 R B L BE 78 43 S LR
A 2 REPE . Shannon #5228 FFHE
FRUE a3 E— 25 UE S0 e S0 B0 £ R 005 36 40 7
BB ST EOK
22 EEREER. EFEEFEEMSHEER
o ZFEMEAE N I ey e AR S R G R e
RSB BILE-EHRPR R Chaol FEEURT Ace F85F
NEREV% & B2, Shannon 5 %R Simpson 48 £ 1E #f
TELREMES g 2 FR  HF ACEARBR LR Fh 4
PEE 7% 1 Chaol 45 %, Ace 45 %, Shannon #§ %5 il
Simpson 58T 3 = T CK2 JE5i (P<0. 05) , R HHE
AbPRAENS L AN RS £ W MR, gk 3
/N, CK1 FEFRT CK2 \HF b F AR Rt o B A
&1 Chaol F8EUF Ace AT I #2555 (P>0.05),
{H HF 20 3R PR 5t v EL A 75 1Y Simpson 48 £
Shannon F8EUE. FH KT CK2 5, R RE AL PRA S
TSNP A S0 SR (BRI 2 S
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x1 AEMEEHENFER

Table 1 Sequencing results of bacterial and fungal communities

HEE HH
b
1 T 751 1 ST AR A YRR 5 T 751 1 AR A Y RE R
CK1 487 105 389 955 141 134 464 193 403 595 384 237
CK2 488 205 392 142 157 247 510 081 444 243 426 962
HF 488 095 392 652 146 212 512 051 456 915 443 551

CK1 ;AT REEE A S AR 15 T 5 CK2 : A HE IR Ak T4 R AR P T 5 HIF - FRL PR o S 0 b B ) P R AR PR R T

1800 4007 -
1 600 350
1400 300 /
1200 250
3 1 000 = 200
S 800 °
600 150
400 100
200 50 CKI1; m CK2; M HF
0 ‘ ‘ ‘ ,
8 6rb _
7] 5 g

3 6 -

;‘]*u_zv 5; sz 4

[=] =]

2 3] mCKI-; mCKI2; MCKI-3; M CKI-4; £ 2r WCKI-1; ¥ CKI1-2; MCKI-3; M CKI-4;
21 CK2-1; W CK2-2; I CK2-3; M CK2-4; W CK2-1; W CK2-2; I CK2-3; M CK2-4;
1t MWHF-1; HF-2;, MHF-3; HF-4 WHF-1; HF-2; WMHF3; HF-4
0 10 000 20000 30000 0 20000 40000 60000 80000

RAFEHIRR RAFE IR R
A CHNPERETE ;B D ELIAREVE . CK1 o AR 55 1 S Uf A B o 5 CK2 . SR 484 TR ALk 31 11 R AR B 6 51 5 HIF » Al BAVER Hr S 1 TR A B 1) 5 AR
g 951

B2 MAEFEFEEER Sob I5EHE /LN Shannon EHFHE ML

Fig.2 Rarefaction curves of Sob index and Shannon index for bacterial and fungal communities

R2 AEHEFFEEEHMSHEEER

Table 2 Bacterial community richness index and diversity index

Fomd EAREL R
QbR
Chaol 8% Ace T5HL Simpson $§%X Shannon 5 %%
CK1 1 789.134+62.652a 1 897.328+61.666a 0.985+0.001a 7.799+0.109a
CK2 1 661.020+66.340b 1 778.320+71.633b 0.981+0.002b 7.467+0.121b
HF 1 828.709+79.280a 1 953.920+86.465a 0.985+0.002a 7.737£0.123a

CK1 3 A Fivhe 275 14 L DA AR 35 B T 5 CK 2, AR IS IR A PR A BE A MR B L B, HF , i AR F 2 IR AL PR A BE AR AR PR L B, () — B B3R )5 AR [R) /N 2 B
FREFBE(P<0.05),

R3I HENEFEEREMNSEMEEY

Table 3 Fungal community richness index and diversity index

Fow EEARAL ZREPEFREL
pis:l
Chaol 55X Ace T651 Simpson 54 Shannon 5 %%
CK1 452.476+25.201a 452.341+£25.133a 0.951+0.005a 5.529+0.116a
CK2 467.545+32.837a 475.568+32.936a 0.945+0.002a 5.148+0.073a
HF 457.008+65.205a 457.349+57.516a 0.850+0.047b 4.141+0.390b

CK1 : AT H5 4 S G AR 5 B 0T 5 CK2 . AR K I AL B ) R AR PR S 5 HE « Hi AR R 0 YR A B B B AR PR I T, [ — 9 5808 J& A Rl /N B
FoR2ERBE(P<0.05)
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Fig.3 Principal coordinate analysis (PCoA) of bacterial and fungal communities

2.4 EEWRAREE.EEIKTEEHNEAR

W 4 pras, 11K B, Z2HE H 1] ( Proteobacte-
ria) . 2k i '] ( Actinobacteriota ) . R #T & 1] ( Ac-
idobacteriota) BB 1 '] ( Patescibacteria) . $UFT i ]
(Bacteroidota) \i¥ %5 [# | ] ( Planctomycetota) JEfATR ]
( Verrucomicrobiota ) B (RIARXT £ . Hi AR P
T[] ( Proteobacteria ) FIHLZE B ] ( Actinobacteriota) ZH
BRI, BRI R, 5 CK1 AR
He, CK2 %5 AR 56 i 28 FE 1 1T ( Proteobacteria ) |
AT ] ( Bacteroidota) 3R] ( Bdellovibrionota) |
LR ] ( Chloroflexi ) #12% B B[] ( Armatimonadota )
2R A A X B B 2 IR (P<0..05 ), R TR T
( Actinobacteriota ) R #T 1 '] ( Acidobacteriota ) | % Ff.
L FE 1] ( Gemmatimonadota ) FIE AT 1] ( Abditibacteri-
ota ) A BA AARRT=F B2 b 3 i (P<0.05) , 5 CK2 %L
FRERRBREL TR Fb , HE Kb B AL A AR B i ot v AR JE T T
( Proteobacteria) 4% 25 1 ] ( Chloroflexi ) 1 Zf B g 4
I"J( Gemmatimonadota ) 21 B 14 AF X =F B i 35 T 55 (P<
0.05) , %% H F& 1] ( Armatimonadota ) 21 B A AH XS 32 B
RERAR(P<0.05)

s priR, 11K L, T2 1] ( Ascomyco-
ta) \$HF [ ] ( Basidiomycota) . E&[ ] ( Mucoromyco-

ta) ZF & 1] ( Ciliophora) %3 ] ( Chlorophyta ) H. B
FARDRT = BE S . o, FRE ] (Ascomycota) FL
RO . BER LA & B, 5 CK1 BB AH
Fe, CK2 FEAFAR BRIL o o 7~ 5 ] ( Ascomycota) BT
TN #E & 781 ) ( Neocallimastigomycota ) H. B A% A X 3=
BB T S (P<0.05) , B[] ( Mucoromycota ) | £F
&I ( Ciliophora ) , &% # '] ( Chlorophyta ) | 4% I ']
( Chytridiomycota) % 251 | ] ( Rozellomycota ) FL B fiY)
FAR R FEFRAR (P<0.05) . 5 CK2 HEAFAR PRk
JTAH LG, HE &b 23R 4 R R i o7 7 3% 1 1] ( Asco-
mycota ) EL I (A X 3= BE 1 2 T+ 5 (P<0.05) , #1F
T 1 EC T AR = B 2 R (P<0. 05)
25 EHREREE.EEBEKELHAR
250 BT @ K T AT 5 R U M VR A
IR ZESE . W3R 6 Bz, R A v B2 IR T8 R i ( Burk-
holderia-Caballeronia-Paraburkholderia ) . D\ H= il 28 T
J& (Actinospica ) 5E#5 1 J& ( Streptomyces ) AN H &
(Asticcacaulis ) ANEFFHE (Acinetobacter ) FhRFT B
J& (Mucilaginibacter) . 5% % & (Massilia ) 205 B9 AH X
FREEE R, BFERH T &I, 5 CKI BEFAR LE,
CK2 FREARPRHE T P PR vd 78 JR P TR ( Burkhold
eria - Caballeronia - Paraburkholderia ) | )\ iU 2% TH &
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x4 HEXTFER 20 BEE(1TKE)
Table 4 Top 20 bacteria at the phylum level by relative abundance

. AHXFFHE (%)
4 TR
CK1 CK2 HF
ASIE ] ( Proteobacteria ) 44.892+1.321a 34.951+3.048¢ 40.164+1.152b

BT ( Actinobacteriota)
AT 17 ( Acidobacteriota )
B #1171 ( Patescibacteria)
FUFFEE 1] ( Bacteroidota)

TF A5 54 ] ( Planctomycetota)
PEI 1T ( Verrucomicrobiota )
FHERTA ] ( Myxococcota )
JEEEE BT ( Firmicutes )
55K ] ( Bdellovibrionota )
W5 4411 ( Cyanobacteria )
51T ( Chloroflexi)
#1177 ( Armatimonadota)
ZEBATEE ] ( Gemmatimonadota )
Dependentiae

BEAT 1] ( Abditibacteriota )
2iE{AR T ( Spirochaetota )
Elusimicrobiota

I B 1T Euryarchaeota )
fi§FEI2 1T ( Nitrospirae )
HAbEE]

RAYEH AT

12.823+1.756b
6.048+0.414b
8.467+0.644a
11.322+1.010a
6.077+0.712a
2.359+0.121b
0.880+0.052a
0.983+0.164a
2.303+0.257a
0.693+0.221a
0.538+0.066b
0.566+0.038a
0.064+0.034¢
0.037+0.022b
0.011+0.005¢
0.002+0.003b
0.003+0.005a
0.001£0.003b
0.001+0.002a
0.006+0.006a
1.924+0.091b

22.624+1.473a

13.371+1.509a
9.020+2.011a
5.835+3.796b
5.060£0.909ab
3.038+1.261ab
1.209+0.429a
0.944+0.180a
0.144+0.021b
0.818+0.557a
0.323+0.049¢
0.182+0.022b
0.136+0.023b
0.065+0.013ab
0.080+0.023a
0.031£0.005ab
0.013+0.010a
0.002+0.003ab
0.005+0.006a
0.012+£0.011a
2.139+0.154b

21.159+2.308a
12.358+0.371a
6.987+1.171a
4.579+0.413b
4.728+0.623b
3.663+0.620a
0.893+0.138a
0.846+0.076a
0.182+0.028b
0.727+0.458a
0.673+0.064a
0.120+0.015¢
0.210£0.042a
0.079+0.020a
0.046+0.009b
0.064+0.056a
0.010+0.007a
0.007£0.004a
0.003+0.005a
0.010£0.005a
2.493+0.213a

CK1 : AR ARG S AR 7 3 CK2 : ACHE AL PR REREAR PR I s HF IR RS IR A BR A TR AR PR R, R — A7 8 Jm A RNE 54

FoR2EFREBE(P<0.05)

(Actinospica) UKL P& ( Granulicella)) 18 A= MR I8 T J&
( Bradyrhizobium) | Terracidiphilus . Pseudolabrys FREK P&
J& (Acidipila) | & & T 18 J& ( Bryobacter ) . Haliangium
240 B AR X F B 3 TR (P<0..05) 1T B B R
( Streptomyces ) ANFAH B & ( Streptomyces ) A S FT B
J& (Acinetobacter ) %6 AT 1 J& ( Mucilaginibacter ) . 5
FEW B (Massilia ) ¥ 2 15 "0 f 7 & ( Haliangium ) Fl
W25 & ( Bdellovibrionota ) 0T BIAHNT 5 B i 2 REAIG
(P<0.05) . 5 CK2 FARFHRPRIEFUAH L, HF AbBE RS
FRFRFE T o 4% 5 74 J& ( Streptomyces ) 1% A2 MR 980 T I
( Bradyrhizobium ) . Pseudolabrys } #5 % ¥T 7 J& ( Bry-
obacter) A B BARXT B B 25 FH 5 (P<0. 05) , AL
21 J& (Actinospica ) | Terracidiphilus . TR BK T8 J& ( Aci-
dipila) 2R RIARRTF B B & R (P<0. 05) o

w3 7 R , KR H )& ( Trichoderma) AR5 R

(Umbelopsis ) MR 221} B & ( Candida) | Conlarium ¥}
W5 ( Clitopilus ) |75 %5 8 & ( Penicillium) B 78
( Coniochaeta )  Papiliotrema EL1E FIFIXT LR =, BE
RS AL, 5 CKI LA LY, CK2 REAFR bR AL 5T
W Conlarium 75 %5 & ( Penicillium) Papiliotrema AR
W& ( Talaromyces) Hit TV & (Fusarium ) B FIAHXT 3
JE TR (P<0.05) , i< tR 87 11 & ( Umbelopsis ) I
)8 (Aspergillus ) Glycine VU J& ( Microtetraspora) .
PG E ( Hansenula ) ELFE A AR XY 32 B i & FAIG (P<
0.05), 5 CK2 RiAEMRPRIETIAH L, HF AL PRAL A AR PR
LR A E # 8 (Trichoderma ) | A Y24 J& ( Leucocopri-
nus ) ELP TR B 1835 718 (P<0. 05) , 22 e RF 1]
J& ( Candida) .75 %% ¥ J& ( Penicillium ) . Papiliotrema 5
AU & (Alternaria) AR T & ( Talaromyces ) E1# Y
FAXS R IR (P<0.05) .
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Table 5 Top 10 fungi at the phylum level by relative abundance

TR

HAXTERE (%)

CK1

CK2

HF

F2EHE 1] ( Ascomycota )
75 1T ( Basidiomycota)

FE %] ( Mucoromycota)
#3171 ( Ciliophora)

23177 ( Chlorophyta)

51 ] ( Chytridiomycota)

22 50 1] ( Mortierellomycota )
5 #E B 78 1 ( Neocallimastigomycota )
22511 ( Rozellomycota )
Aphelidiomycota

RAFEM AT

49.998+4.349¢
14.072+7.328ab
13.340+3.190a
7.816+2.700a
2.254+0.959a
0.421+0.114a
0.035+0.024a
Ob
0.020+0.008a
0Oa
4.284+2.096a

65.454+6.580b
17.921+6.858a
8.940 +0.848b
2.266+0.265b
0.122+0.054b
0.079+0.027b
0.080+0.105a
0.060+0.020a
0.003+0.004b
0Oa
2.297+0.175ab

78.257+4.276a
7.766+1.424b
7.479+2.511b
1.918+0.455b
0.060+0.034b
0.049+0.024b
0.007+0.003a
0.042+0.009a
0.002+0.001b
0.001+0.001a
1.900+0.564a

CK1: AR REAE A S AR S 5 CK2 2 AHE I AL P REAEAR P o 5 HF

FREFEE(P<0.05),

6 HHIEER 20 HAE (BEKFE)

Table 6 Top 20 bacteria at the genus level by relative abundance

 F A SR AL PRI R R AR PR 5T, [l — 1T R e A TR /NE Rk

AT

AHXTERE (%)

CK1

CK2

HF

A2 JRTETR & ( Burkholderia-Caballeronia-Paraburkholderia)

AR TR B (Actinospica)
BERE T & ( Streptomyces)

ANFEAH VA& ( Streptomyces)
RNENFT T & (Acinetobacter)
BRI KT H & ( Mucilaginibacter)
IR H A (Massilia)

WKL )& ( Granulicella)

18 A= MR R & ( Bradyrhizobium )
Terracidiphilus

B A ML TR ( Haliangium)
Pseudolabrys

FREK B R (Acidipila)

A FF 5 )& ( Rhodanobacter )
Dyella

2R IR & ( Paenibacillus)
B HEFF R )& ( Bryobacter)

BT R ( Stenotrophomonas )
Haliangium

WE N & ( Bdellovibrionota)
HAb P m

EA eSO

2.773£0.141b
1.459+0.203¢
6.333+£1.369a
5.507£0.512a
7.216+1.529a
4.124+0.995a
5.235£1.020a
0.493+0.026b
1.012+0.031¢
1.030+0.060b
1.569+0.171a
0.484+0.047¢
0.585+0.049b
0.394+0.047b
0.805+0.492a
0.871+0.179a
0.436+0.064¢
0.278+0.399a
0.319+0.034b
1.722+0.259a
18.644+0.804a
38.710+1.365b

10.273+1.843a
8.957+0.404a
2.158+0.607b
1.104+0.177b
0.132+0.044b
1.455+0.481b
0.185+0.070b
2.371+0.311a
1.381+0.245b
1.325+0.199a
0.467+0.263b
0.895+0.150b
1.206+0.274a
0.773+0.479ab
0.849+0.692a
0.621+0.231a
0.731+0.052b
1.889+3.666a
1.033+0.415a
0.097+0.021b

16.138+4.540a

45.958+5.859a

10.392+1.346a
6.647+2.391b
4.450+1.402a
1.433+0.220b
0.121+0.014b
1.417+0.146b
0.371+0.261b
2.651+0.786a
1.861+0.160a
0.833+0.106b
0.731+£0.223b
1.159+0.057a
0.736+0.095b
1.325+0.442a
0.702+0.111a
0.790+0.050a
1.071+0.250a
0.057+0.026a
0.629+0.134ab
0.120+0.024b

14.975+1.158a

47.528+3.672a

CK1: RFRE AT A I AL 5T 5 CK2 AL AN TR P REAE AR PR AE 57 5 1« L AAZR RS A B A B AR Bk i, [ — A7 s Jo A [l /N5

Fon2E R BE (P<0.05)
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Table 7 Top 20 fungi at the genus level by relative abundance

AT (%)
HA
CK1 CcK2 HF
AREE W E ( Trichoderma) 1.125+0.675b 2.438+0.932b 34.095+9.609a

D ARFE T B ( Umbelopsis)
22158158 ( Candida )
Conlarium

B35 A8 ( Clitopilus)

T 55 & ( Penicillium)
HETE 78 ( Coniochaeta)
Papiliotrema

125 & (Aspergillus)

1 Y240 J& ( Leucocoprinus )
BEMS LT A (Alternaria)
Glycine

WEIRE B ( Talaromyces)
Meliniomyces

A B (Alternaria)

YR T17 )8 ( Fusarium)
83 18  Oidiodendron)
VU B B J& ( Microtetraspora )
PR EEREJE ( Hansenula)
Cutaneotrichosporon

HoAl )=

ARIPHEHI A

12.604+3.055a

9.961+1.040ab

4.587+0.837b
6.185+6.889a
3.510+0.487b
2.539+1.235a
0.090+0.069b
2.294+1.064a
0.141£0.058b
1.733+0.294a
2.244+1.004a
0.682+0.090b
0.409+0.304a
2.347+2.661a
0.031+0.017b
0.499+0.222a
0.930+0.881a
0.820+0.733a
0.211£0.031a
5.451+1.528a

36.174+7.932a

8.708+0.742b
10.982+3.545a
6.302+1.329a
5.639+4.708a
6.831+1.544a
3.103+0.459a
4.891+0.561a
0.427+0.107b
0.597+0.626b
1.301+0.974a
0.586+0.595b
1.494+0.642a
2.080+3.111a
0.043+0.016a
0.970+0.474a
0.314+0.137ab
0.013+0.021b
0.011+0.016b
0.167+0.084a
3.756+0.817b

37.225+2.030a

7.343+2.439b
6.467+1.864b
5.240+0.775ab
2.235+0.540a
3.460+0.745b
1.873+0.867a
0.164+0.006b
0.735+0.267b
2.695+1.735a
0.168+0.090b
0.227+0.082b
0.707+0.243b
0.105+0.120a
0.038+0.028a
0.629+0.39%4a
0.206+0.058b
0.012+0.016b
0.015+0.023b
0.241+0.181a
1.388+0.307¢

29.695+4.382a

CK1 : AP RERE I A AR RT 2L 5 CK2 . R IR A H Y B BE AR B 5 s HF L AR RR S IR A B W BB AR BRI T, TR — A7 858 5 AN R/ b

FRZEREBE(P<0.05)

2.6 EEREARE. EEMEDEEDLE

FIFH TaxdFan B0 H0REAR BRI Hh 41 5 9 1)
REVEAT20HT, W0l 4 B, CK1 JE 5 A 40 s S g 3=
SR AETE T R G AN I R G N &R A
SRR SRR AR T E R KR A A
YA R TR RN REREAC AT AN B Rk T 4 R
R CK2 FARAR PRIL I P AN B D BE 2
RTE ABC iz o, B 2258 a2, ik
WAk, QR A RIS HEF Ab 254
RFRFEETH gl B D g 2= S 7E ABC #his 4%, |
QR AR EIR, AR L, LR —
FRTRTRAC, A, 20 FF Mk (RNA & Ak, nhspk A
LA, A AR, A0 AR

5T FUNGuild $540 e %o 545 AR Br 56 BT h LA

FEVR I DhBEDEA T 00, WAL 5 /R, CK2 FAER Pr
FER TS IR A A IR A P A
Fr RUFIG -0 AR AR B IR A A R A L Y
FHXTE B T HF AR AR PR AL T, CK2 FLAEAR
o e o P P A o R A 5 R L TR A AR
FREMT CK1 SR,

3 WheSEe

3.1 WA ERIGIR A

TIRRAEW o ZREPESR 7S SR P T T 45
M ZREVE R B B0 IR M REVE 2R
M, AR S R GRS E | RN AR AR AL A 3 B
RE TSR 27 KA e I, kTR T A B 8
1R 1 REREAR BRI R A A VR 0 2 R AR R
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Fig.4 The functions of bacterial communities
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Fig.5 The functions of fungal communities

HERR T R AR E . CA TS
SRR, I TR S IR FRAT BT R
e JEERE TR ) 200 TR (9 A GS  E2T ETR X PR
AR R TE IV BE 58 , T T R S BOH AR v R
Rk, ARTFEE R SR AR SEA R —2, B
AL AT RE I I P b S R AR A 1 R R B W R

TRAEHE o ST IR 23 R R AR W A A T Bl
SRR PERR ZE T AR ST S S YRR Y Y I
LR IO o Tk ) R A I A AR 2
3.2 MEZEFUSERAMEY REINES

TEABIFEH , 5 A RAL AT Eb , R AL 1) RS
FRPRE JiT v £ 75 8 & ( Streptomyces ) |18 A AR I8 o &
( Bradyrhizobium ) | Pseudolabrys % & %% ¥T 1% J& ( Bry-
obacter ) A YA £ B i E 5 (P<0.05) , BEFE T
JaR A A A YRR BRAR A 18, ZEAE ) AR A R b BATY
R R SR S R IRE S TR
T BEARF A BERE TR CINVL ANMYREA RS IR SR
EHA A 05| LR TEV R G W RE T, SRS it
CINv1 W & 25 418 imy B 265 0 0 bk o S e 52
Shen 451 M B G 5 A8 + 1 v 43 6 15 3 B 55 1 B R
BO4, IR AN RE 3104 3 fifp L T A L BE ) LT B i
AR I REEHHE A K R B w7 i

TEEL TR AR J7 T, KB T s L T 0 1 T AL B
e 17 e Ay 8 2, REETRAE A H AR 2 A i 224K
FLIE , FEIR AR A R R S P My T A
VER . WRFE &8 SRR B A It FH AR 5 7 T 9] ( T22
THI J2 GVA1) AMTAEEHE LA AE R A 1 42 R B
P, IR RE AR E G T R A B AL T LR
Liu %79 & B, it P AR 85 B BT 77 CMT10 7] A5 5K
B FEARE AR IR, [ o 32 25 4 e A R o B AR S
fief 7 S AR TR R

BE—2B AU E WA T RE B, B4 TR AL B
B TR Z B (RNA A8 IhsboRn 2% 3%
A B A 20 0 JA 40 BOME A A A2 v 1 4 T A
XA RERG 2 g P IR A AR IR A SR A -
Ji A SR A R BT A - A R A A AR A
LR ARRT = B2l /D, X RT RE A K A R 25 T 8 ( Tri-
choderma’) ELTA FH X 32 B 1) 18 0 S5 2800 1 20 U8
o ARWPFEAE R LD, B BT R AL B R R T
AR oo 5 o i e R R 5 TR A A A TR Y
AR BE A B T R g e o SR, R A
YEFARIL S i A B, AT 2T e IR A RYBIESE .
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