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Abstract: [Objective] Soil bacterial community characteristics are important indicators of soil quality, however, little is
known about the effects of facility cultivation on soil microbiological properties. Thus, clarifying the responses of soil
bacterial community and functions to facility cultivation is of significance for the sustainable utilization of facility soil.
[ Method] To reveal the change of soil bacterial community under intensive cultivation and its main influencing factors,
this study collected and analyzed 67 facility-open field paired soil samples in Ningxia region. Based on amplicon sequencing
technology, the effects of facility cultivation on soil bacterial community diversity, composition, interspecific interaction, and
assembly process were investigated. [Result] The results showed that compared with the open field soil, the number of
bacteria, Shannon, ACE, and Pielou indices of the bacterial community increased by 63.3%, 3.20%, 11.4%, and 1.69%,
respectively. The facility cultivation significantly changed the soil bacterial community structure. Redundancy analysis (RDA)
showed that the content of available phosphorus, pH, and electrical conductivity were the main environmental factors
determining bacterial community structure. Physicochemical parameters such as pH and soil available nutrient contents
significantly affected the bacterial community composition of the facility soil, and the climatic factors including annual
average precipitation and annual average temperature significantly affected the bacterial community composition of the open
field soil. At the phylum level, the relative abundances of Planctomycetes and Firmicutes increased significantly, while the
relative abundances of Gemmatimonadetes and Myxobacteria decreased significantly in the facility soil. At the genus level,
the dominant genera such as Bacillus and Pseudomonas were enriched in the facility soil. Co-occurrence network analysis
showed that the edge, average degree, clustering coefficient, and modularization degree of the bacterial network in the open
field soil increased by 10.8 times, 11.0 times, 36.8%, and 1.78 times compared to those in the facility soil, respectively. Also,
facility cultivation significantly reduced the complexity and modularization degree of the soil bacterial network. Functional
prediction using the Functional Annotation of Prokaryotic Taxa (FAPROTAX) database showed that facility cultivation
significantly increased the relative abundance of carbon, nitrogen, and other element cycles and bacterial functional groups
related to pathogenic bacteria. The distance decay relationship of the bacterial community in the facility soil was weaker than
that in the open field soil. The community assembly was greatly affected by the deterministic process and the diffusion
limitation was higher in the facility soil compared to that in the open field soil. [ Conclusion] Collectively, facility
cultivation in Ningxia region significantly changed multiple properties of the soil bacterial community. These results can
provide theoretical guidance for the sustainable utilization of local facility soil.
Key words: Facility cultivation; Open field soil; Soil bacterial community; Soil ecological function; Soil physicochemical

properties
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Table 1 Primers used in microbial quantifications and sequencing

514 7 (5°-3") ZE R

Primer Sequence(5°-3°) Reference
Eub338F ACTCCTACGGGAGGCAGCAG 141
Eub518R ATTACCGCGGCTGCTGG (5]
515F GTGCCAGCMGCCGCGG (3]
907R CCGTCAATTCMTTTRAGTTT [13]

K@ 514 515F/907R % L3R 16S rRNA B [H (1) VA~V5 X TH . K PCR P4 % %5
LRI, AbfEEFE, SRA Illumina MiSeq R AT WM @ EM Y (BEE ). FH QUME
(v1.9.1) BAx i &l e 2 e AT 20 i, X IR ah B s dh AT PR BT A, AR 97T%AHLEE RN
FEVE 25550 (Operational taxonomic units, OTU). AR IR FE X EEE 2 REVE AT B sEmg, o
Y0t F AT REM BT OTU J5, 4L FTAFES i /NF 54 (48 038) FEATHIF, A SILVA 138 #di
XHEEAS OTU HEAT 4 B A
1.4 BEALIE

FEXE (MAT) FIERFFK (MAP) $diii@ it 43RS %50 & (www.worldclim.org) “F & 3REL.
TIRFEAR SR AR A, AR, HASH 5 MR & BTN, SRR AEL S I
At B A LI 7R 0 & EIRE0 . 405 € 285 HET loglo #it. i/ R 1 vegan BLiTE T A FEA
1) o ZFPEFEEG BT OTU (1) Bray-Curtis FEESHFE, 1/ vegan f#EAT F 446554 (Principal co-
ordinates analysis, PCoA). TU4&4#7 (Redundancy analysis, RDA). % JGE #t /7 Z# % (Permutational
multivariate analysis of variance, PERMANOVA). JjZ7-f# /34 (Variance partitioning analysis, VPA),
i F vegan 1 dplyr B3EAT 28 RIGK 08 (Mantel test), RIQIABEIN T AN E BRI R,
circlize ELFEAT K At A AL T DM 2 B2 5 53 B s A8 FH BEATLRR MRS ARY 43 B o K FE R e Tt 4L 1] 22 5 FL
HELETTERI M PR BBV P 3K T 0.05%0 OTU, i psych &Il H4HE OTU 2
[ R 30 He 7K 2 (Spearman) AHOGHE R %L, FELAAHIC R 3 r] > 0.7 H P < 0.01 Jybm 4 1 20 1 470 Foh 3 A
Z, {HH Gephi (10.1) B X 45 9 2 B # A  SdEAT 2 A e 44k, {5 H) vegan AT dplyr X BRI A
T RIS BHLEAT Mantel test fes 8 FH RAZ AR DI e i 2B EdE 2 (FAPROTAX) 13E47 41 B T R Tl ,
AT OTU 492Kk 5 FAPROTAX Hils P EAT XL, @I python JHIA Sy Hi 20 B8 7E VA Th BE R T 45 L 5
KH Z-score Jy Xt ThRE il & F AT brvEAL AL B, complexheatmap L4 HI#A K ; T Hmisc.
minpack.lm F1 stats4 £ 5% FH o P FRETE AR AR 43 AT B ATL 12 2 R Ry 7 P o o X 200 B T 7 2 28 ) R Xt B iR o
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S HIBEINT 87.0%. 1.92 1%, 26.7%. 5.47 ff. 63.0% (¥ 2), pHZZF T (P<0.001), F&T 4.9%.
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Table 2 Effects of physicochemical factors on the open field and the facility soils

Pl e EC*** NH4"-N/ NO5-N** OM*/ AP**x] N
Cultivation pattern P ! (us em™) (mg kg™ / (mg kg™ (9 kg™ (mg kg?) (mg kg?)

K Open field 8.34:4.06 26054500  3.4530.05 41.8411.9 23.341.48 37.745.76 192.8417.4

Wit Facility 7.9340.04 503.9427.2  3.6320.05 121.9411.2 20.641.21 2437499  314.34224

T KPR AT EIEAT R . RA t-test i 30 K H 5100 LRI 2 R g . >, x4 5IFIR P < 0.05. 0.01 Fl1 0.001.
T, ECHASHR, NH-NAHER, NOs-N AWMEE, OM AR, AP NAXIE, AK#AM. Note: Means +SE. t-test
was used to test the difference between the open field and the facility soil. *, **, *** indicate P < 0.05, 0.01, and 0.001, respectively. The
same as below. EC is electrical conductivity, NH,*-N is ammonium nitrogen, NO3z-N is nitrate nitrogen, OM is organic matter, AP is

available phosphorus, AK is available potassium.
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Fig. 2 Comparison of bacterial abundance and alpha diversity between the open field and the facility soil
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OM. APFl1 AK, Sk ECFFFELE (MAT) FEHEK (MAP).  Note: Figure a, analysis of bacterial community structure in the
open field and the facility soils (Principal coordinates analysis, PcoA, based on the Bray-Curtis distance). The Adonis function was used to
test the significant difference in bacterial community structure between the open field and the facility soils. Figure b, redundancy analysis
(RDA) of bacterial communities and environmental factors in the open field and the facility soils. Figure c, variance partitioning analysis
(VPA) and Mantel test analysis of bacterial communities and environmental factors in the open field and the facility soils. In VPA analysis,

soil physicochemical factors included pH, EC, NH4"-N, NO3s-N, OM, AP and AK, and climatic factors included mean annual temperature
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(MAT) and mean annual precipitation (MAP).
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Fig. 3 B diversity of bacterial community in the open field and the facility soils and its correlation with environmental factors
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B a fE b Rk mARE g RSB G () M8 (b HbZER. R ttest M ZWFh7E K H AN L35 b AR
WEEMERREE. B cAE d RR K ARG -H IR B AL 2 ZE 5201 (o) fJE (dD.  Note: Figures a and b represent

the differences in the composition of dominant bacterial phylum (a) and genus (b) between the open field and the facility soils. t-test was

used to test the significant difference in the relative abundance of the taxon in the open field and the facility soils. Figures ¢ and d represent
the main differential phylum (c) and genus (d) in the open field and the facility soils.
B 4 DK FHMIB it -t S 200 1 A 9 2 BSR = 222 S )
Fig. 4 Bacterial community composition and main differential taxon in the open field and the facility soils

2.4 TIRIBBEIINMERILE

O R B A5 X 2 S T B T LI 25 A (8T Ba AL Bb) o K H 34 I 2% (30 . 11
BE. RRAK. WRHMCRE TR, /3l5En 7 10.8 ff. 11.0 f&. 36.8%. 1.78 fi; PR
KRR Tt 3% (&l 5c), FRMKT 51.4%, FRUIKH L3RR M 48 KB R B2 T i 3. K
FH AN BT 38 190 28 v A 96 0% R BLIEAH SR 9 3, K HH 332 B I 5% o A7RE G 50 AR AR 25 v T 0t =
B, RUIKH RSB TE R A R 554 S0, 2% BEINARE o DR FH ORIt = 388 AN R R B b 440 1 1 O 41
A (B 5d FIE Se), KH RO AERZ o itk (B 1) s 156 ANisi, & R
37.8%, FEAELWLEIT (32.6%). MLMKIT (19.6%). FRATHI] (18.3%) R, Wit -3 H.1E M
SRR (BB D Py 41 ARG (HASTEE 9.81%, EEMFAILRET (39.9%). AT R
(18.4%). BRATHEI] (15.6%) Z5JEHE. MHECT R LI, ot g e b b il 2 o 1 AN K
FIPIASERE, e rh Vit 133 4 25 1 [T AR T =5 B2 9 K FH 38 ) 9.42 %, TR FH - 340UNT B 1] RO AR N 2 2
e Bt I 2.42 £5 . Mantel ke W] (18] 5f F1IE] 590, FERJREK. BT, FIURAAESZEN KH L
AN T W 2% e KRR B AT 25 (P < 0.05) §2M, SHACHR. A3k AR L 200 B0t 1 33 2
T 2% fe KRR BT 3% (P < 0.05) §20.
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Fig. 5 Analysis of bacterial co-occurrence network in the open field and the facility soils
25 IRMERENESFLRE
Vit - 3 A Y 5 IR B (Plant pathogen) . 4 A 4 %5 4= HU Clntracellular parasites) . A i & 7 ff

http://pedologica.issas.ac.cn



+ 3 AR
Acta Pedologica Sinica

( Ligninolysis ) . #8 k| % f# ( Plastic degradation ). fg [iij & 9E F % & % f#  ( Aliphatic non methane
hydrocarbon degradation ) . 7% #& % % % fi# ( Aromatic hydrocarbon degradation ). % 1L fF Fl (Nitrate
ammonification). ZkIFI Clron respiration). AR £ )5 (Dissimilatory arsenate reduction). Spitfit
FR b4tk (Dissimilatory arsenite oxidation) ZEDhRERFEAIAHXTEFEEE (P <0.05) BT KM, M
BE4HE  (Predatory or exoparasitic) FIJRZ2Mi# (Ureolysis) iX AN RESFEIAE X ¥ (P <0.05)
T RH -4 (K 6a). Z5RRY, T EHIX it khs 00 m Tk B0 RG0S IR B A S 4
B DI REEHE RN F2 . R NIt 3 A AV 2 LR 25 (P < 0.001) AW FHRE B TEIC R, SR
Wit 3R B 3R OC R AR AR T K 38, SR AN [ M B B S At SR R A 2 S ROK H
s/ (P 6b) o DK FH g8 o o PR VA A R P e 0 v T Ut 33, SR DK S R R VR ) A 2 2 B
PP R IR, it S 2 M, et R r s mik (B 6c fTEl 6d). thah, KH -+
S P R VA O BEVE Y ECR L (NmD T Uit 398, 3R B A B R 98 6 K H g b i O B e T it
5, P20 PR T Bt 2

a) * | Hi4%%i [5 #iPlant pathogen .“ ] b)§ 0.8 . o= [Tl Open field
ifi £ 1440 i Predatory or exoparasitic ’ = r=-049, - 0.001 w1 ifi Facility
=2 0.15, P <0.00]
sk AL A = Bntracellular parasites 0 g 4
sxx | AN # 5 Ligninolysis §§ 0.6 i
s | WIELFEfEPlastic degradation _’0'5 =
we RN ECAR Y e ke e . =5
Aliphatic non methane hydrocarbon degradation s
sk | J7RE AU Aromatic hydrocarbon degradation 3=
R # 4 f# Urcolysis E‘S 0.4
]
% |2 LA I Nitrate ammonification E
3
% | EkNF U Iron respiration 'T'é
x| {LlAL # 3% [ Dissimilatory arsenate reduction 7 (0.2
LA £ Sk Dissimilatory arsenite oxidation 0 3 10 15 30

Hh AR
Geographic distance/10km

A ® AKRMOpenfield ®ijiFacility

1 A d) 1
R*=0.604 o
Nm=10295= .
0.8} . L R 0.8+

0.6t

<
.

0.4¢

<
o

0.2

e
i

HELEE Frequency of occurence &

3 T 3 3 =S )
- A6 SRC L PR
Mean relative abundaﬁ!ce/loglﬂ Mean relative abunda)?lce/loglo

T B a RS R RG340 B DhRe A I 22 s 1] o SR OR TR e - SR 40 P P I R S-S 48 (5T Brray-Curtis

B9 P o AN d 435 20 oK RN B - SR AN B AE VR B PR R0, RO IEREVE R B I B AR S R, Nm 2 e B

(N 5EBF (m) KR, s 7 X% 2 R HiMh . Note: Figure a represents differences in bacterial functional groups in

the open field and the facility soils. Figure b represents the distance-attenuation curve of the soil bacterial community in the open field and

the facility cultivation systems (based on the Bray-Curtis distance). Figures ¢ and d represent the neutral community model fitting of

bacterial communities in the open field and the facility soils, respectively. R=is the overall goodness of fit of the neutral community model,
and Nm is the product of meta-community size (N) and mobility (m), quantifying the estimation of diffusion between community assembly.

6 K FH AN B0t - S A R A ) AR S e

Fig. 6 Ecological process of soil bacterial community in the open field and the facility soils
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