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25, BHLTANE RUBXT AN IS R G R R B (P<0.05) o @l PEad AR R AL R A0 R R v AL v 1) STk 53 1k 74.59%
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Soil Microbial Community Construction Processes and Its Driving Factors in Wheat Field at

Local-scale
CHEN Xianni, MI Qian, XU Xiaofeng”
(College of Agriculture, Henan University of Science and Technology, Luoyang, Henan 471000, China)

Abstract: In order to explore soil microbial community construction processes in wheat field at local-scale, soil samples were
collected from wheat fields in Jiyuan City, Henan Province, and high-throughput sequencing technology was used to study soil
bacterial community structure, community construction process and its influencing factors. The results showed that: 1) The
dominant phyla were Acidobacteria and Proteobacteria in soil bacterial community. Mantel test and redundancy analysis found
that organic matter and total nitrogen had significant effects on bacterial community structure (P<0.05). 2) The different bacterial
groups in the bacterial molecular ecological network were dominated by cooperative relationship. The key species were from
Bacteroidetes, Acidobacteria and Proteobacteria. 3) Bacterial communities were clustered phylogenetically, and organic matter
and available phosphorus had significant effects on bacterial community phylogeny (P<0.05). 4) The contribution rates of
deterministic process and stochastic process in bacterial community construction were 74.59% and 25.41%, respectively. 5)
Mantel test found that the BPNTI value was significantly positively correlated with the changes of organic matter, total nitrogen
and total phosphorus contents (P<0.05). The increases in the differences of organic matter, total nitrogen and total phosphorus
contents led to the transformation of bacterial communities from homogeneous selection and homogeneous diffusion to
heterogeneous selection. Conclusively, this study found that deterministic processes dominated the construction of soil bacterial
communities in local-scale wheat fields, and organic matter, total nitrogen and total phosphorus were the key environmental
factors affecting bacterial community construction. Organic matter and total nitrogen also had significant effects on bacterial

community structure. This study contributes to the understanding of the formation mechanism of soil microbial diversity in wheat
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field ecosystems at the local scale.

Key words: Wheat; Soil bacteria; Community construction processes; Community structure; Influencing factors
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TR ) L R FRBE R R (pH L IR FIK 43 46) 1),
AHI, BEALE RS R YRR BEALAY A | BT hE
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e RIS M EEUEAT T AR SCHF S, Shi ZE1 % Bl s ]
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FEEA R BENLE S AR S, KT 900 km H
RS, YRRV 52 3 R S R EA BT R A5
i) 5 Fan 25U V5T 2 WA ot R ol R R 25 3
FEl AR LT /N2 AR B 5 AEAR B+ R 40 B R P4 A 2 5
Liu ZFVL BELE 8 a it FH AU /N2 AR PR AN B AE A A8
A T R A e M AR S S A R R R R AL
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[, pH S5 0R 2 - S AN PR R 7 A 1 G R R R 2

50 R JURUBE A P 22 T - SR 200 TR 1 v A Aol i S
PRITIR BN A 3R S A T e a5 Aol A i AT B T4
AR TH A 25 2R G T A WA I R L) ) B

T P s /N A R LI, AR BT SE 1 HL
TR A IR T N PR 2 T SRS, AL
oy PO, PR R ORUEE TR A2 T - e R
SRFIRER AR, LU ENTRE MR R, DU
) Sy S S 22 T A S A W) AR B9 TR AL )
PRI SERE .

1 MR

1.1 HREEBRAERE

IR T 2021 4F 4 AR A BRUR T 1
I 4H (112°42'26.97"E, 35°09'56.03"N) il £ #k 44
(113°14'54.77"E, 35°13'15.47"N)R4E . %R W% iR
AR, AR 145 T, I BOK R
567.9 mm, +IESAIFH IR A= 432 il o ARTFSR
HURE TAETEARAR /N R P R R 8047, T/ 2k
BEATEURE . AR R PeE A/ INZE 7 B (R DG T 40
AN RAREHTRAC I B, 3 TG K, S
PEm . P TR TE B B BEHLIE R 3 T,
RAR 0~ 20 om AEMRPR AR o A SRR T ] S
FEEBREYR . A FERBUE, B3 R
RA YA EE R Z B TREA, /A7 20 C
UKFIA . 3R 1 s PR A B8R R, 28 20 MHE
R, FRS R BRI B AE 124 ~ 9282 m,
1.2 HEBHERS R

4 A (TN) R i R 40 e AL 77— HLS O, TH
., 2BHTP) R HS04-HCIO, 1M, #SA(NH;-N)
K 2 mol/L 1Y KCI $2HL, & FIEE U R FH i 8l 53
Fr(AA3, SEAL)ME 2R . W NHy-N &t ;
A AL (SOM) 7 2 R FH 4% 18 1 — A1 I #4320 2
A ZMNO-N)F 2K H 0.01 mol/L /) CaCl, #£HL,
SAMA] UL GO EE TN AE 5 A S (AP) & &= R
0.5 mol/L 1Y) NaHCO; 25, FHil th ikl ; sl
BRAK) &R 1 mol/L f) NH,OAc 1242, KM
LI AE ; 3% pH R LKL 10 2.5 1242, pH
THIE o B HIERESNAE 105 C AL Z4E & 5 i
ST RS R S 25T RIS KR MO), BT
R(EC)K 0.01 mol/L Ay KC1i242, HL RN E .
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R BESHEBMENS 1.3 DNA REFNFF
Table 1 Geographical distribution of sampling sites N . RN NP
e — o {if PR B X 1 HRE B P41 DNA EAT 2L,
KR L S 4R
JR B U DNA T 24 4% # 1
1 o1 3403420 357071464 PiR & G SR T Y AR . RIS Y1
ST ~ 11
2 S02 112°39'30.52"E  35°06'29.47"N TR 168 rRNA JE[H V3 ~ V4 IX, 5IH)F510% 338F
3 S03 112°40'02.82"E  35°05'54.89"N (5'-ACTCCTACGGGAGGCAGCA-3")#1 806R (5'-GG
4 S04 112°41'25.00"E  35°07'33.27"N ACTACHVGGGTWTCTAAT-3"), PCR ¥ sz Wik %
5 S05 112°41'39.08"E  35°07'24.97"N & KOD FX Neo Buffer 5 uL., 2 mmol/L dNTPs 2 uL,
6 S06 112°44'07.59"E  35°05'32.25"N EFA#I(10 pmol/L) 03 uL, KHAIH(10 umol/L)
7 S07 112°43'49.76"E  35°05'41.26"N
0.3 uL, KOD FX Neo 0.2 uL, F:[H 4] DNA 5 ~ 50 ng,
8 S08 112°4028.54"E  35°06'00.78"N X N
S — .
10 S10 112°41'07.36"E  35°07'46.95"N 95@%'@ 30 S\ SOOCEJ( 30 S\ 72°C§\E_ﬁ3 40 S, 25 /I\
11 S11 112°4125.77"E  35°08'20.80"N &G, 72°CHEMf 7 min, 4°CHBNRNSER . RS
12 S12 112°42'15.93"E  35°07'28.61"N PCR 7=¥)J5 , i F Monarch DNA %1 [m1 i 7 & 1)
13 S13 112°44'27.91"E 35°08'31.72"N Hﬁ?gﬁ’ﬂﬁ, Hﬂ 1.8% }E,: Eﬁ{ﬁﬂﬁ?%ﬂ(*ﬁ{)ﬂﬂ PCR Fz%éiﬁ
14 S14 112°44'43.41"E  35°07'58.78"N N .
RRCR . ifbf5 Y9 PCR P 91fd ] Tllumina NovaSeq
15 S15 112°41'25.56"E  35°07'37.32"N il ; ..
V. 4“ I R “ I N E— A
6 Sl6 119°44m893E 350090y 0000 HEATMFEAIAT, %I A AL aUH R A
) \ = 4
17 S17 112°43'18.28"E  35°07'52.15"N FBHEA PR RIHR AL
18 S18 112°43'12.26"E  35°07'41.35"N 14 MEYMHSFESNE., BEUESH
19 S19 112°43'40.88"E  35°07'27.49"N o W A A L . B OTU EEMET 0.1%
20 S20 112°44'45.62"E  35°06'18.73"N FOIREBERRE . ] R % cortest BREGTE OTU =
Fz2 BHSLTEENER
Table 2 Soil physicochemical properties of sampling sites
v b AK AP NH;-N NO;-N TP TN SOM H MC EC
L= p
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) (g/kg) (g/kg) (%) (uS/cm)
S01 111.21 34.58 1.03 17.92 0.99 1.65 21.59 7.12 21.55 1979.50
S02 208.42 31.21 2.01 17.20 0.85 1.10 23.38 7.13 15.59 2017.17
S03 199.84 13.22 4.42 19.26 0.65 1.80 23.66 7.13 20.09 2068.33
S04 242.95 30.59 1.85 19.48 1.04 1.89 30.4 7.11 23.01 1 988.50
S05 96.88 14.16 0.97 16.22 0.59 1.12 21.30 7.14 18.29 2047.17
S06 202.36 32.33 0.46 4791 0.64 1.49 20.47 7.03 24.13 1991.83
S07 256.02 18.80 1.50 43.48 0.62 1.40 18.01 6.99 25.81 1982.67
S08 145.22 17.77 1.78 26.80 0.73 0.85 22.77 6.91 17.34 1972.17
S09 223.53 18.39 2.65 18.80 0.70 1.79 24.91 6.87 20.95 1932.67
S10 125.27 23.68 0.51 11.90 0.92 1.39 21.98 6.87 14.63 1 926.83
S11 127.14 14.97 4.67 12.71 0.88 1.17 16.52 6.89 10.35 2001.33
S12 214.44 20.40 2.39 13.92 0.74 1.17 17.89 6.88 17.08 1881.50
S13 156.07 10.71 1.93 20.41 0.76 0.86 18.69 6.96 14.07 1 875.50
S14 169.31 17.25 3.16 14.99 0.26 0.19 3.87 7.01 9.20 1962.17
S15 296.88 67.28 1.78 9.23 0.78 1.42 28.03 7.00 36.86 1 947.67
S16 203.96 26.27 1.97 40.66 0.70 1.21 21.61 6.90 19.99 2 024.00
S17 339.79 4781 3.16 32.73 1.16 0.88 15.02 7.01 18.07 1972.50
S18 188.28 61.13 2.06 15.90 0.60 0.71 14.61 7.09 13.58 1914.00
S19 180.31 91.79 3.26 17.01 0.57 0.47 10.01 6.93 14.14 1902.17
$20 250.06 56.99 3.11 63.42 0.80 1.06 19.67 6.99 12.09 2170.00
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[B] A Spearman #H5¢ 2%, Spearman FH¢ R R P {H
843 S35 52 K 0.7 F 0.05, R F v I RR 22 B A A5 3R
BRI O TF R B A S AR AE LR 0T & INAP HET
W™ 4% 43 HT (http://mem.rcees.ac.cn:8081), i#id Gephi
MM R M4 M4 B — A AR — A
OTU, £ 11 s 1R AR R4S OTU Z B A AH 1 .
T T AR AR T4 AT AR N 3 B (Zi) R ]
T (Pi), PUNICEEYIRN o 4 AR A AR
b (Zi>2.5 H Pi<0.62) . i3 N (Zi<2.5 H
Pi>0.62), M. 5.(Zi>2.5 H Pi>0.62)LA K AM T
M (Zi<2.5 H. Pi<0.62)1*,

A E A R T R (4 “picante” {3
#4T MNTD Mt 5B i /0 2 BT 25 (MNTD) | B
IR ITIREI(NTY) . V3 s Y i 2 (BMNTD)
BRI FAEEBNTD) . FMEARTRE I RG LT H
NTI ki fl, NTI HEBA LS MNTD 5%
SY AT BERIARHEZE (999 BENL). TEITH HEE ik
HHFEH NTI 5SFEA B EER, BRERGER
BT RIS(NTI>0) 8t BN TI<0)™, i
BMNTD #l BNTI i A AE it B Y HEVE RGEK T o BNTI
2 BMINTD (1) WL B RN 5 T A AL T3 A BEHLAE (999
MR Z AR 25 . 24 BNTI<-2 Fl BNTI>2 B, 434
B I TR A A 2 W e o R 1 () B o P R A
JRPE LRI R P 5 T BNTI|<2 s e AL i 32 B
P BRI, ] Raup-Crick &I (R Clpy) X 43 AN [
BEALME L R A AR TTRR . RCpray<—0.95 . [RClyray/<0.95
PLK RCuray>0.95 73 SIZFR BB 1L . A AR R
BRBR GNP SRS ARYEFESL RIS BNTI Al RCpry fEITE
T A A R AE T A FE SR VR A P T o5 40
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AXSFEE (%)
1

1.5 Zitsh

il H R 8 “vegan” 1) vegdist BRELTTEA
[RI#E S ANR BE V% =2 8] Bray-Curtis FEES; {# ] pcoa BR
BT Bray-Curtis P2 X4 BHES E4T A8 05 0 Mt
(Principal Coordinate Analysis, PCoA), #&7RFE 5 [A]
IR IE A0 25 57 5 0T rda pREICOT AN AT 5 45
P R85 R F 47 TC A 73 T (Redundancy  Analysis,
RDA); {#i F] mantel BREIHTT 2 FE /K 4656 (Mantel test),
TRV AACUPE BE 55 46 B4 (Bray-Curtis  distance) Fl1 35
S5 70 B R A R 2 TR A DG o [T ] mantel bR
B4 T Hb B B GE A B A AR ) IR 22 (AT AY
2 T VS AR DU (Bray-Curtis F5 25) 5 skt 23827,
WTBA B 7 AHADLPE B M HEEE 25 i 28 AR . ffEHH R 4K
7 cor PRETEY NTIAE AL BNTI|{E -5 PR A 1A AH
Kot fHH mantel BRECTH BNTIH -5 5L K+ 2 (7]
FRAH e

2 #R

2.1 TIEMAEETEAR

K 1A 253800, BRAT I ] (Acidobacteria) . Z8JE
W J(Proteobacteria) . fUFT 5[] (Bacteroidetes), Z¢%5
B[ J(Chloroflexi), ZFHLHIFA ] (Gemmatimonadetes) .
JEE T | T (Actinobacteria) . PLHKE ] (Verrucomicrobia)
Rokubacteria. fij L2 5 ] (Nitrospirae) Fl 7 % & | ]
(Planctomycetes) >y A G5 19 FE 2R ], Hrpig
FERATTRASIZ BT ] RS — | 58 R3], XTSRS
BIAE] 21.89% ~ 43.82% . 24.12% ~ 34.91%., il F
ABBR AT ATT A R4S i 1] L A PR RS S5 M A 25 7
(& 1B).
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Fig. 1 Relative abundance at phylum level (A) and principal coordinate analysis (B) of soil bacteria
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Fig. 2 Redundancy analysis of soil bacterial communities and
environmental factors

®3 AEHEEHSTRRTFHSHRAE
Table 3 Mantel test between bacterial community structure and
environmental factors

IR+ r P
NH;-N 0.05 0.32
NO;-N ~0.21 0.93

AK 0.01 0.43
AP 0.34 0.02
TP 0.38 0.01
TN 0.48 0.00
SOM 0.69 0.00
pH 0.01 0.43
MC 0.22 0.08
EC ~0.06 0.64
(A)

@ Acidobacteria O Bacteroidetes @ Chloroflexi

@ Proteobacteria @ Rokubacteria @ Verrucomicrobia

@ Latescibacteria. @ Gemmatimonadetes
@ Actinobacteria @ Planctomycetes © others
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176 N 615 Zkily, oo IE ) JCHk M 2547
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FWIREAR TS [F) 240 B 28 =2 Tl e A AR R T HE R AR
FHES SRR P2t i gE 5 ML, RIS
SECR : PR 9.38, FHFAKAE 2.57, M4 EH
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FAAMERT T 25 R R (B 3B), TERES M L5451
HREE ML B 1AL, ok A I
B ] (Bacteroidetes); PHANEERZ 1 A, >k HERFFET]
AL
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RY kA L E o AP R 22 ] R G RO
REEIEFIHALEN >, ATIFST K DU T A B 2 B4 20 o
&35 NTI 5 ER(E AR B35 25 57 (P<0.05), H
NTI#RT 0, REIEHESNA RS RGE KT LM
FAEP EEX NTI (E 55 AT
(K1 4A F1 4B), KB NTIH S -5 HL & 8 2 0 2
1E M (P<0.05), 547 80 & & 2 W A X
(P<0.05), WaBHEXEA MU . A %08 5 552 41 R
ERGERE o BT S A0 B REIE 1 BNTI(E
(Kl 5A), RIBNTIRZ KT 2, Ui E rESBRTE
SR RUEE A P 27 T - A B RV A by R A
T P o e R L Ao A A A v 1 B kR )
Wk 74.59% Fl 25.41%. EAARR AR,
FE PRI R e [ P e 5 R S M o 8 0 ) Tk T
36.47% F1 38.12%, ML e v 35 a7 HORN Af A58
A TERR T 24.86% F10.55%(&l 5B).
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Fig. 3 Soil bacterial ecological network (A) and Zi-Pi map (B)
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Fig. 4 Correlation analysis between NTI, [BNTI| and environmental factors
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Fig. 5 Soil bacterial community construction process (A) and contribution rate of each process (B)
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Fig. 6 Relationship between PNTI value and the changes of SOM (A), TN (B) and TP (C) contents
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Fig. 7 Distribution pattern of distance decay of bacterial
communities
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