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Characteristics of soil bacterial communities in different
cowsheds in a dairy farm of Ningxia in spring

YANG Shuangming, REN Wenyi, GOU Yan, ZHANG Lili, XU Xiaofeng"

School of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China

Abstract: [Background] Amid large-scale production, the environmental management of cowshed is
the key to the milk production of dairy cows. [Objective] To explore the characteristics of soil bacterial
communities in different cowsheds and thereby lay a theoretical basis for healthy production of dairy
cows. [Methods]| Soil samples were collected from 8 different cowsheds: new calf born area (NCA),
weaned calf cowshed area (WCA), rearing heifers cowshed areca (RCA), low-yield lactating cows
cowshed area (LCA), high-yield first-calf lactating cows cowshed area (HFCA), high-yield multiparity
lactating cows cowshed area (HMCA), dry cows cowshed area (DCA), and sick cows cowshed area
(SCA), with 6 replicates from each cowshed and a total of 48 samples. Through the sequencing of 16S
rRNA gene amplicons, the structures and diversities of the bacterial communities were analyzed and the
functions of different communities were predicted. [Results] The bacterial community composition of
soil samples was different among the cowsheds. Among the 8 cowsheds, HFCA boasted the highest
bacterial community diversity, and NCA showed huge difference in the bacterial community of soil at
phylum level from other cowsheds. Moreover, LCA, HFCA, and HMCA respectively showed high
similarity in the community structure among soil samples. At the phylum level, Bacteroidetes,
Proteobacteria, Actinobacteria, and Firmicutes dominated all the soil samples. At the genus level, the
haloalkaliphilic Halomonas, Fermentimonas and Aequorivita with potential degrading ability, and the
pathogenic Ornithobacterium were dominant in the soil samples collected from cowsheds for calves.
Haloalkaliphilic Truepera dominated RCA, and the pathogenic Acinetobacter and Parapedobacter, and
the drug-resistant Pedobacter were the dominant genera in the soil samples collected from cowsheds for
lactating cows. [Conclusion] Pathogenic bacteria and bacteria involved in nitrate respiration are mainly
distributed in LCA and haloalkaliphilic bacteria are mainly found in WCA and RCA. Methanogenic
bacteria are mainly discovered in HFCA. This study analyzed the diversity of soil bacterial community

in different cowsheds to lay a theoretical basis for the healthy production of dairy cows.

Keywords: 16S rRNA gene amplicon sequencing; cowshed soil; bacterial community
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GO R, RSk W AR A TR SR AR
B K2y 5.2 t Y CO,. 1 Witkowska 25V
FERIN, LR A S A i, w]
SR A, s X BREE TR SAARHEL

W AR 2155 98 2 AR AL 175 24 3 B DL 1 i IR
PRI 2 F e S A 1 B T 5 | A P 0% A4 LA
S5l R 5 4 R AET, X R v S A 4
R, AU A A R R . PEGE
A5 EFLGRVBOREC A 80 ZFh, H&EMA]
VB R B3 Ho S ARt A 5 e ) B B AR R
FEAREE DA B ZNTA b, 04 2Lk H2 0k
AT, o 35005 T 25 5 3 0 3Lk R A FL T 51 & 3L
G 410, ol S AR OV AR 1| b IX 5 2F 28 4 o 43
) 25 A BOWR B RIS BT B, Bt £ 02
KIGFF B 4 (R 25 B3R 8 %5 5 054 3L 5 R A
KRR . IEMAREN R, 4 E s
SR AR B R 2 WA R AR ) R A R
o AR AR U I A 2L 5 R W 15 A% B O
R 2 Bh T AR L B R E . W
e N El e S EEENAY S W P O e L
HORBL T SRR A BIBOR , 1T [ AR
PR TT RE X5 2 1) 3L D5 (e AL FBa P o

A5 3 R A FE R I AR S AN TR) 44
A HEAARE, B 16S rRNA FE[K 44 -
J¥, OB R TE 44 ERE AN RE VR I 2 REE, 1R
TR B0 R S LA A MR AR LR
[ o3 A0, AR e AR = R B O A B 1t T
RIS AR

U AR

1.1 #FARHRESLE

2020 4 5 A, £ T BB Y40k 5
g AN A B HIE R 5-10 om IREE M AR
FHRAZE 100 g, RE&E 8 MAFELF&M AL
48 1y, MHFLALEA 5 (new calf born area, NCA),

W 4 2F 4 (weaned calf cowshed area, WCA),
H 445 (rearing heifers cowshed area, RCA),
1K= FL 4 45 (low-yield lactating cow cowshed
area, LCA). " 3k Jif W 3L 4+ & (high-yield
first-calf lactating cows cowshed area, HFCA).
e 2P W FL A 4y (high-yield multiparity lactating
cows cowshed area, HMCA) , T ¥34F 45 (dry cows
DCA) il %5 4+ 45 (sick cows
cowshed area, SCA) 8 P& LFES 6 1)
K F AR B, FFAE—20 °C Z60F T R A7,
JE B A B AR BRSO AW E SR A TR
AN TFIHEAT 16S rRNA LR34 )7
1.2 EZRFIALR

Phusion” High-Fidelity PCR Master Mix
with GC Buffer, New England Biolabs A F]; &

557 &, Qiagen 23 Fl ; TruSeq DNA PCR-Free
Library Preparation Kit & 2357 &,
Ao R EE W BE I 2 {1, Eppendorf A H]; #f
J& PCR ¢, Bio-Rad A #],

1.3 £[X%H DNA #J42EXA0 PCR ¥ 1%

KM CTAB Ji M FEARYFE N 4] DNA 3
FTHEE, $RECH () DNA 45 Rk B 1 FH BB v
5 JC FEL K g R A PR 1 e B 0 {SCA: I, i
J5 BUE B A DNA T .08 W, i HIC R K
Wi BAEA R 1 ng/uL, DIFRE S 95K 2 DNA
AR, ARHEIN Y XA R, A barcode
(FESE 519 341F (5-CCTAYGGGRBGCASCA
G-3")H1 806R (5-GGACTACNNGGGTATCTAA
T-3")%F 16S rRNA A V3+Vv4 X By
PCR §"3 .

PCR JZ WK & (30 pL): 2xPhusion Master
Mix 15 uL, $EF519(2 pmol/L)I: 3 uL, #EAR
DNA 10 uL, JGHE7K 2 uL. PCR [ 4544 : 98 °C
I min; 98°C 10s, 50°C30s, 72°C30s,
30 MEF; 72 °C 5 mins

cowshed area ,

Ilumina 2>
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1.4 PCR F=HIaRHEMLEL

M4 PCR W)k FE AT S5 REIRAE , 4R
)R 2% iR WEEE R HEA T HL VKA PCR 7
o7/ ) EIR S R i g W S WP S g G R |
WA & D™ 1 o
1.5 CEEHEM EHUNF

fiE F TruSeq DNA PCR-Free Library
Preparation Kit Bt R i8] G A 8L SO, Mt ir
SCPE 23S Qubit i R SE I 52t E B PCR
(quantitative real-time PCR, RT-qPCR)%E & &%
J&, 8 H NovaSeq6000 17 EHLINFF
1.6 HIEDHLIE

F ] UPARSE %4 V 7.0.1001 X} fF A FE A
1458 RO (effective tags)UFATHRZS, ERIA
LL 97%H— Stk (identity e 7 AR ISR 50 4
{E PG (operational taxonomic unit, OTU); fififH
QIIME %% V 1.9.1 144 observed-OTU. Chaol .
Shannon, Simpson. ACE # Goods-coverage 1§
%, 15 UniFrac fH . & UPGMA FEAR
Jeff o, B R BMF V 2.15.3 LR B i 4R &
Ak k543 BT (principal co-ordinates analysis, PCoA)
B, #E1r p MR AN 25 2.
FAPROTAX J& 5% A= W) 3R S RE R 12, 2T
E R R SCHRIESE . B 40 B S e PR v i A=
AVERIEATIAZE, FHL SR FAPROTAX %X
WRE, BTV I YRERER, St
7% VI Re 0 B F FE AL

2 BEREAW

2.1 OTU &%k

ARSI RSN 48 4y 3 b AT SR B
DNA #EA ATy, 455] 7 736 4~ OTU. 1N
£ 1R, OTU £ BB A4 & HAE(NCA .
WCA). RCA . DCA &40 AW FLI Y HMCA 41
Z i) 25 5 R B 2 (P>0.05), i HFCA 2H 2 F1 SCA

HZIAE OTU $H A B3 (P>0.05), 5HA4F
A2 OTU ¥ H ¥ 25 5 8 ¥ (P<0.05), 10
Bl 1 os, &4 2 FEEA 9 OTU 30 H h 610,
B LRSS A OTU, Hob firg - 4E
HFCA @A OTU £t £ H 696 1~,LCA 4
MAT OTU fizhy 197 4, R RIBEIA A4 1)
M AP —E 2R

*1 FEIFEREEARK OTU K H

Table 1 OTU number of bacterial community
composition in barn soil

Group OTU number

NCA 1306.17+£103.96d

WCA 1283.50+257.37d

RCA 1281.83+157.13d

DCA 1 515.83+237.85bcd

LCA 1 636.33+213.17bc

HFCA 1 945.00+£297.35a

HMCA 1 494.00+£186.65cd

SCA 1 768.50+247.50ab
: AFRVING FRERIR 22 57 .35 (P<0.05)

Note: Different lowercase letters indicated significant
difference (P<0.05).

NCA
SCA WCA
452 462
Core
HMCA = 303 212 RCA
610
696 209
HFCA 197 DCA
LCA

NCA C3RCA [ LCA — HMCA
— WCA /DCA [ HFCA [ SCA

1 H4ETHMEMEEER OTU XEFEHE
Figure 1 OTU intersection Venn diagram of soil
bacteria community composition in cowshed.
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2.2 HTEmhZk
i 56 1 2 AT LA s AL 5040 £ 1 L
FEATYRMEEE, mE 2%, fif OTU
LRI, MREMLY G, KL ER
AR 8 5 B B B R R R DA 5
S D 97% R AE Y A, Al LAY T — 25
a3
23 ARG ELHMEREESHMSN
mE 2 Fin, &4 a LA EBEEN
Goods_coverage 15 # (9 F & %) # ik
100%, 38 3 33X A F it gk — AR T ARE b P
GRS o i SE e M, R BAE K b G
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¥

\\
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)

\

Observed species number

ok

500

HFCA1
HFCA2

a5 R 58 40T DU s A DA A B e IR 4
BCRBL . HFCA 4HAY Shannon 8%k, HY
HMCA. DCA, WCA ., NCA Fil RCA 5414
2 REME 22 7 B 25 (P<0.05), W] HFCA 41
T VR Z AR T A A s WCA 4L
Shannon $§ %% i 2 (1% T HAth 41 (P<0.05), R
WCA 4 AV 2R PR

HFCA 407l SCA #41f) Chaol #5%UFf1 ACE
R, 5 LCA AR MAEREEEE LD
FFEF(P>0.05), 5 HAh A& A LR B 251
J(P<0.05), 22 HH X AN 25 10 20 TR BF Vi 3 8 B
5 LCA diAafel, H¥mE THAbA 5

NCA1
o~ NCA2
NCA3
- NCA4
NCAS
- NCAG6
WCAI1
+ WCA2
WCA3
< WCA4
WCAS
-~ WCA6
RCAI1
- RCA2
RCA3
-+ RCA4
RCA5S
-+ RCA6
DCA1
DCA2
DCA3
o DCA4
DCA5S
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Se
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Figure 2 Dilution curves of 48 soil samples.
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*®2 HGELIHBAERE o SHMLER

Table 2 Alpha diversity index of bacterial community in barn soil

Group Shannon index Simpson index Chaol index ACE index Goods_coverage
NCA 7.210+0.110¢c 0.979+0.004 1 443.493+131.876bc 1 453.598+148.650bc 0.990+0.002
WCA 6.382+0.490d 0.952+0.026 1 375.357+£271.644bc 1 419.345+296.482¢ 0.990+0.002
RCA 7.073+0.504¢ 0.977+0.015 1 343.738+263.771c¢ 1 381.306+226.792¢ 0.991+0.002
DCA 7.547+0.245bc 0.982+0.007 1 486.538+236.769bc 1 549.537+253.025bc 0.991+0.002
LCA 7.55340.777abce 0.976+0.026 1 657.829+211.581ab 1 722.396+216.492ab 0.989+0.002
HFCA 8.143+0.555a 0.987+0.007 1 893.748+322.080a 1 983.892+334.398a 0.989+0.003
HMCA  7.240+0.710c 0.963+0.047 1 477.661£185.017bc 1532.6744232.927bc 0.991+0.002
SCA 7.965+0.295ab 0.989+0.005 1 818.893+285.476a 1 888.005+287.250a 0.988+0.003

a: AFRVNE FRERIR 22 57 .35 (P<0.05)
Note: Different lowercase letters indicated significant difference (P<0.05).

24 pEBEMSH HixX 5 A Z R B RIS, RUX 5 D&
2.4.1 FHERTIT(PCoA) LAERRAR RN ZE SN, SN ATV S5 A A

WK 3 i, AEWFLUAE LA BANET UE S S THBIREA ; oAl F 4 ke
6 MREARLI I RE, HNFEARIEREI, 5 (LCA. HFCA, HMCA)HFHH NI 6 PMREA TR

PCoA-PC1 vs PC2

L ad HMCAS
LCA2 i
e ngigﬂé:sul HFCAG
02 L E?CAS HMCA3
i = ‘-%IHFCAA
; HFCAL
HFCA2
01T e NCA
: ® WCA
2 DCAY scA2 @ RCA
E 0.0 i DCA;~DCA1 ,,,,,,,,,,,,,,,, DCA
78] —e ® LCA
) HFCA
3 DCAS
S : HMCA
0.1} ® SCA
-0.2 r
e
-03r WCAS - WCA3
R
L 1 i 1
-0.4 -0.2 0.0 0.2

PC1 (34.14%)

3 H4E&THMEREET Weighted UniFrac IEEAY PCoA
Figure 3 PCoA of soil bacterial community in barn based on Weighted UniFrac distance.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4692 Tl A 2 AR

Microbiol. China

RAYEL, FEHIX 3 dREAZ R B, R
3 2 LA A i 22 1) fg A5 40 TR T U 65 H AR 0L
2.4.2 UPGMA B %#d

L weighted UniFrac #iE4EM/E UPGMA
BIIHT, 8 MFA L FER AN BB AT LI R
A 32, 5B 1 84UFE NCA 4, 58 2 il
M4 3 AEHFE(LCA. HFCA. HMCA), %
3 U f% SCA. DCA. RCA Tl WCA 4, H,
NCA 41 5 HAth 8 N4 & L FEAM B T 17K 2 50k
R FIME R /N T SCA ZH 1 DCA 4 . HMCA
ZHH LCA #H Z [ PR B Asin (] 4), &H SCA 4
1 DCA 41 . HMCA 407 LCA 412 [A] 40 B i 75
FETTACE EHA R & A AR I
25 AEGETHMEHEKMEEELEH
vkl
251 HFETIEMERITKE
HYEPIFIE RS, BRI 8 NP L FEAE
FIZKSF EARXTFE RS i RT 10 AT T EA T AR
HEFRE R (B 5), B Ry BT A e AS R
AFR A, 17 (phylum)K¥E |, &4
B ARG T T AU BT T (Bacteroidetes)

NCA
WCA
HFCA
LCA
HMCA
RCA
DCA
SCA

G Il (Proteobacteria) . Jil %k ]
(Actinobacteria) FJERER [ 1 (Firmicutes), .,
PIFFE T 17E NCA . DCA . HMCA 41 b At 3
B, AR 43%. 24%FH 27%; BIRH
["J#E WCA 411 RCA 2 T AHXS F= 5 i e iy, 4%
A 42%F0 27%; TR BT 11E SCA AP AR X
LR 30%; JEEETR | 1/E HFCA 411 LCA
AR R S R, 209 26% 1 27%.
252 HETEMERKT

MRIE P FERAE R, B 8 M E& T AETE
JE K- EARXS RS R 10 B IR #E T AR
HERRIE R (K 6), B B UE MITEA AR A
PR AR, TE)E (genus) K |, AE44
TR LR R A KA ], R AR A
& EFENNCA, WCAHIHE WIS EIE N
Fermentimonas, 5335 7.55%41 3.83%; NCA 2
HA LS & R AT IR & (Ornithobacterium),
i 8.81%, G 1HI i )& (Adequorivita) 5 6.77%,
ANShFF @ (Acinetobacter) i 6.23%, WCA 4+
g LA A )8 (Halomonas), &
31.40%; RCA ZHIYIL T & A & M W s
(10.53%) . Fermentimonas (5.91%)H1 Truepera

B Bacteroidetes

B Proteobacteria

B Actinobacteria

O Firmicutes

[l Unidentified Bacteria
[ Deinococcota

O Acidobacteria

W Chloroflexi

O Gemmatimonadetes
B Halobacterota

[J Others

0.00 0.25
Relative abundance in phylum level

Weighted unifrac distance

0.00 0.05 0.10 0.15 0.20 0.25
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4 HFEITHMEAREET weighted UniFrac 5 EH) UPGMA B2 4

Figure 4 UPGMA cluster tree based on weighted UniFrac distance of soil bacterial community in cow barn.
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Figure 5 Relative abundance of species at phylum level.
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Figure 6 Relative abundance of species at the genus level.
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Figure 7 Heat map of functional composition abundance of soil bacterial community in cowshed.
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KRG, FELE 22 JE WS 2 J5 A0 R 4L 2 A
ARETRE .

AN A IR RS R T R FF IR T
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