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Soil bacterial community structure in a dryland spring maize field with mulching
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Abstract: Background, aim, and scope Straw and plastic film mulching will change the physical and
chemical conditions such as carbon and nitrogen cycling in farmland soils, and few studies focused on the
effects of covering soil microbes involved in carbon and nitrogen cycling. Consequently, in this paper we
analyzed the bacterial community composition under different ways of mulching, and aimed at the microbial-
mediated carbon and nitrogen cycling. Materials and methods In this study, the high-throughput sequencing
technology was used to analyze the soil bacterial community composition in no mulching (CK), straw
mulching (SM) and plastic film mulching (PM) spring maize in a dryland spring maize farmland on the Loess
Plateau in China. Results The results showed that straw mulching increased the abundance and diversity of

soil bacterial communities, and significantly increased the abundance of cellulolytic bacteria (Cellvibrio)
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and the bacteria with nitrogen fixation (Rhizomicrobium, Chryseolinea) and nitrification (Nitrosospira)
(p<<0.05). Plastic mulching increased soil bacteria abundance but decreased soil bacteria diversity. and
the plastic mulching significantly increased the abundance of Nitrospira with nitrification (p<<0.05).
Discussion Mulching significantly increased carbon and nitrogen cycling-related microbes (Cellvibrio,
Rhizomicrobium, Chryseolinea, Nitrosospira, and Nitrospira), and a positive correlation was found between soil
total organic carbon, total nitrogen, potential mineralizable nitrogen and these microbes using redundancy analysis
( p<<0.05), supporting the hypothesis that these microbes may play a major role in soil carbon and nitrogen
cycling under straw and plastic mulching on the Loess Plateau. Conclusions Mulching increased the abundance
soil bacteria, and affected the soil carbon and nitrogen. Cellvibrio, Rhizomicrobium, Chryseolinea, Nitrosospira,
and Nitrospira may contribute greatly to soil carbon and nitrogen cycling under straw and plastic mulching in a
dryland spring maize farmland. Recommendations and perspectives This result provides useful information for
better studying the microbial-mediated carbon and nitrogen cycling in soil.

Key words: dryland field; straw mulching; plastic film mulching; bacterial community; carbon and nitrogen cycling

HIEMEYMS S T LY R A R, L
TEEFRY AL . TR BG5S Ty T G H %
YER CBIEAREE, 2006) , fd: Py ad i A e %
. AT 8 B R G 1 - R BB B A
S R AIE IR LU HEAE ) 35 53 R RS0 = UL
e Y R Sh A (Zhou et al, 2012) ; A JF
Wy (A, 2. e, sasfe) W
AL R S (B IE AR AR, 2013 ) o
1M 55— 7 WA Y A e TSR 2R & X
A R AR AR AR P e R, AS R A4 7 55 7 5K
T 3 AR A PRSP IR A O e A —
LEMSS (2014) BIBFFEA AR FT BEIE AT L dE
i 23 A B AR LR A ML T AR R AR i 1 e
AP [ RUA . R 4E R SR T AE 4 . Shen
et al (2016 ) (AR5 I HA M B 7 55 ] itk T 52
i DX A= HE G AR W A W i AU D D) RE AR Y L
HE SIS

R AT RN B3 55 T LIAT RGBS /KM ZE O, 5 m
THAP, $EEIEY AR R R (Shen
etal, 2016; Chenetal, 2017) , Pl FHbgk
b — T F A B . A LB e 1
Fi M EE AR AR, AR WM ESRE P E
BIOLE (XIS, 2007) , A 5 5 20 11
T A P A s e A AR ) . R 7 55 )5 B 1A
oA, PR EHERGI T 3R LR A
LT85 RE 71 B 5 A FT 78 26 A B i3 i ( 2= A%
F5AE, 2011) o FEFFZE 3505 564 HILTAY 38 m S
FAE P T AR R TR B SR, AR R
YIXTAHLR P Ak, SE RS A 55 5 0 i

THRAT R (AU, 2018) o A#F
FEIA A 1 B 7 56 X e HILAR A 5 R R R
(Liu et al, 2014) , {HA BFIEIN A I 56 %}
B LR B B A 5 R A it F A LR B g
A B & T S EA O (2%, 2009) . Hai
et al (2015) AF5YFHA MR 26 30 o 46 = TR b
X = HEK A RIEEE , T ERART R,

T AF S 5 T 78 25 A PR A AR IR . K
O3 AR R A SERR R ZH 4 B B R B A R R
(Lietal, 2015; Saglam etal, 2017) , MMiXTH
W3 o6 A HE R E Y, U HE S EE A
A DT 2540 2 RE R I 52 i R S 1420
A Tlumina MiSeq “F- 5 3847 16S rRNA ¥,
OHT T R SR AR RERFE SR ALE . bR 25 Ak
BT BOK LA R VR AL S 450, SR
TI T = Ak By x5 e UG R R 56 1 AN
BEVE 25 R 2, DA Sk 52 g R AN 3 Bl i T
J& L B R DS AR SR il 2 R RS AR
1 #M#ERZE
1.1 #FARXHER

ZAR IR TE B2 B 2 4 RO A AR 5
Ui (107°44'E, 35°12'N) #EAT, SCB6ub A T Bk g
AR E A B % X IR AT T 5 e
ZE A, PR 1200 m, 4F H BEATL 2330 h, 4F
ISR 9.2°C, MoK FEEPHER S, LAY
Rk ok 584.1 mm. Fif + 3 A BT+ KR,
+REFNS, pH 4 8.4, HHUKEE N 9.05 g-kg',
HHEEASEN 11 g kg s
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1.2 EXWiZIH5FEmMRE

FEARE NI EFEEES (PM) |
FEFFEESE (SM) MR (CK) = AMibi,
BEAS AL FEAS AL 5 = AN E X, A 6] X 3 ) B
0.5m, i 1 m, BIHA 9AN/NX, Hi A 55 4b
T REFNETRE AT R A RS 5 T bR, RS AT R AL
HURFE BRI R R ES THE, FHEES
KWOGREH —F L, Hrh, BFEENESE
& 9000 kg hm 2 RIS FTIZ X S AFAEATT1EY
H7E 9 A FRWGKIG A FFAEATTEY) . ARt
TTVEWE, SRS EY R, AR5 BT H
1) T K i Fh R Ae T 335, F 2009 4E 4 H 4y FF iRk
TIRIRAERN, B4R 9 A AR, I 2 AR
2015 4% 9 ] FARUGRIF AT 7 4F . FRIBGRE
BA/NXRH STE 5 SR, RE0—10cm
TR, /N0 HUBE S T RAR TR LA 25 BRAAHIORS
B 7 398, e FH I R R A A A TR A B A R
KA A 3 BT AT B SRR S B T 2Rk
FE 5 U TS0 =, —80CIRAE
1.3 MEIEIRR A%

BG4y £ T IS LB sk R L e, i
2mm i T 002 8 A A (NH;N) | il &S &

(NO,-N) . WEr# LA (PNM) , fEYER
(MBN) , etk (MBC) fI&ar; i 0.15mm

TS P TIE M (STN) . HHEAHLER (SOC)
) F i

Ho SOC 1 STN ] 10% FY 3 R B JTCALIK 5
>k FH EA3000 JC % 43 #r 3l 5E (Aziz, 2013)
NO; -N I NH; -N & & ] KCl % % 3= 2 )5 % H
Cleverchem380 ( DeChem-Tech ) 4= H sl [a] Wi {1k 2%
IAHACINE (T2, 2016) . PNM R % 55 53
M5 (Jenkinson and Powlson, 1976) , JHZE1%
ACKE 10 g A AR 2 B R KR 50%, ik
FRFEF P EFR 10 d, 50 mL 2 mol-L ™' Y KCI
WWRSE 1 h, F4 A ZhE W b2E B (3 ENO; -
N FINH; -N %, PNM & & MR FRAIENO, -N |

(Sainju, 2007) W%, Sk 10 g 1 1% 5 0 5
F£10d, fEHEZS TSP EZK 240, FiE
F210d, SRS PNM A [R] 432 48 5 15
& MBN, MBC [rl# H & 475 B2 75 85 5% 7% ( Sainju,
2007 ) W, KRR EHE, KFF NaOH B —
EHFE 10 d, FH BaCl, 1 HCI i & i 15 S5 5=
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ZEHTE R CO, My, MBC & i B 78 i
Ja BHEREL CO, 2 ZFRVAIF T 0.41,
1.4 DNA $2EUK PCR # 1§

WO A 5 7 20T A, (i TIANamp
Soil DNA Kit 107 ( TTANGEN BIOTECH Inc.,
Beijing, China) #i& I8 156 W] 42 B 46 }fd & DNA,
P& W7 Wy R T 1% Bt B W 6E J5 Pl Dk 2 A7 A DU
JE [H 41 DNA 9 2l JE i &, H 5l % B341F

(5" -CCTACGGGNGGCWGCAG-3" ) HI B785RA
(5> -GACTACHVGGGTATCTAATCC-3" ) ¥ 14
4 16S rRNA %E [H 1) V3-V4 5 48 [X, PCR §" 1
FEF AR 95°CWiZE M 3 min, 95°CAEM: 30s, B
& (55C, 30s) , #EAH (72°C, 30s) , mJGTE
T2°CHEMH S min, ZRAEARASIN G AORE %k LR R
FRFAFIHIFH Hlumina MiSeq 2000 V-5 #4701 .
1.5 HiE4aIE

W & 6 7 20 A B R A7 B0 o %, il
Mothur ( Schloss et al, 2009 ) 2[5 3 i &= 15 4
<20 P HI, KBRS NIWFA, LBEFRREDK

(>10bp) WYTFHI; KBRTIMEERCEZ (=4bp)
s, JERBRGIMITS); LBridk (<200bp)
Fad K (=500 bp) 9% 54k & 4 5 515 i H
UCHIME ) (Edgar, 2013) Gold %t #& 4 1E N
S, KR A AR ERETH.
USEARCH ( Edgar, 2013 ) 4R i 7 51 A1 oL 25 5 7
SRS A FAE SIS0 (OTU ) , AU BI(E A
97%. ffi J§ RDP 43 2% 2% ( Wang et al, 2007 ) LI
SILVA %i#l8)% ( Pruesse et al, 2007 ) M=, Xt
YIHEAT RGL512E, 4128 T Bergey’s taxonmy, 3
GRS, MRUCHSA. 1T WL B B JE.
mothur 1155 Alpha Z2FEMEFE%L

K F SPSS 20.0 #K 1 X £ 4is o 17 5 B E

(ANOVA) J 25181, RH CANOCO 4.5 XJ 4y F
FE MBS F 17904y (RDA) 43#7 .

2 ZBRE5SMH
2.1 AEBEAANNEEKTEERU RN
SM %2 CK Ab B AR b + 18 v 9 STN $8 Jin 7
10.7% ( p<<0.05) , PNM ¥H1 T 14.6% ( p<0.05) ,
MBN # /i1 T 18.1% (p<<0.05) , NO,-N ¥ 7T
43.4% (p<<0.05) , SOC /T 12.3% (p<<0.05) ,
MBC #l1 T 24.3% (p<<0.05) , Tfi % NH, -N J¢
B FEm (p>005) ( £1) ., PM# CK # br
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+ HE h A9 NOS-N 3 i T 141.1% (p<<0.05) ,
MBC [ it T 10.1% (p<<0.05) , STN. PNM.

ZRNF T AR FORA L A R R 45 F8 A7

MBN, SOC. NHj-N %G i & 424k (p>0.05)

(%1) .

1 AR EK H b R R

Tab.1 Physical and chemical properties of the maize soil under different mulching treatments

biszi! BA ET LA [BER75 e TSR BeSA TIEA LK APy i
Treatment STN/(g-kg') PNM/(mg-kg') MBN/(mg-kg') NO,-N/(mg-kg') NH;-N/(mgkg') SOC/(gkg') MBC/(mg-kg")
CK 1.22+0.04b  40.06+2.11b  36.60+2.07b 10.64+2.10¢ 8.26+0.07a 12.38+0.50b  327.33+21.03b
SM 1.35+0.07a  45.90+1.98a  43.21+3.16a 15.26+2.25b 8.00+0.34a 13.90+£0.46a  407.00+15.39a
PM 1.21+£0.01b  40.91+2.24b  36.97+0.09b 25.66+2.34a 8.40+0.50a 11.71£026b  294.33+22.03¢
CK: Jofis; SM: FEFFELE; PM: MU 5 R P E N T 3(E £SD, [R]85 REAS ] e BHAS[R) A B ] 1) 25 5+ 78 p<<0.05 /K F- 2.3 Tl

CK: no mulching; SM: straw mulching; PM: plastic film mulching. The values in the table are mean+standard deviation, numbers followed by

different letters within a column are significantly different at p<<0.05 by the different treatments.

22 AABEFAATEEXRTEMREEZEAK
i1t 168 rRNA ¥, CK 155 47387 &4 80F
HIHCRT 2701 4~ OTU, SM 1531 42173 245 5% 5 Fl
27554~ OTU, PM 153 33844 SA49 5505511 2599 4
OTU (#2) ., CK 5 SM A1) OTU Jy 2494 /4>,
CK 5 PM L4 19 OTU 2284 4, SM 5 PM 4y
i) OTU Sk 2323 4>, CK "1 447 i OTU 4 96 1>,
SM AR OTU A 1114, PM AR OTU A
1654, AR AR OTU Bl 21734 (Fl 1) &

CK(2701)

96

165 111

PM(2599) SM(2755)

1 AFEE T R 40 OTU /34 Venn (&
Fig.1 Venn diagram showing the number of OTU for soil
bacterial under different mulching treatments

TE A A A 55 07 30T 1Y AR B 4 B8 v S A U
254 17, 514 4, 854 H, 130 1 F,
160 4~ J&. FL v 4% JE I ['] Proteobacteria Fll ¥
% 14 |'] Planctomycetes F= & 5% 7y,  H K2 R T
®i '] Acidobacteria, X = Fh [T = Fh 7 35 07
L TFHL L 60%, HIECKT & ERZ (p>
0.05) , ILIMZETE ] Actinobacteria, 2F HUif0 B[]
Gemmatimonadetes . 44T % | ] Bacteroidetes. P&
# '] Verrucomicrobia F1# 4l & | '] Cyanobacteria 55
MZehB N Fm (1#2a) o TERRIE]H 160 4>

@, ZEEMTR R Gemmatimonas . F)E M TR R
Sphingomonas . Gaiella, Haliangium 147 $i [ FF
W J& Blastocatella %5 J& T W E (K 2b) , H
Hh S i S TR 7E SML AL PML ) I b (p<
0.05), SM & E (K T Gaiella (i (p<<0.05 ),
i) B 848 I T Haliangium ) & & (p<0.05) ; PM
2 0N T 2R M 1 B (p<<0.05)
(]I FEEAR T A P ECAF IR R B 2 (p<<0.05) o

a
100 B Proteobacteria
90 B Pianctomycetes
Acidobacteria
80-] I sictinobacteria
B Gemmatimonadetes
704 | Bacteroidetes
0 Verrucomicrobia
60 W Chiloroflexi

U Candidate_division_ODI1
50 B Cyanobacteria
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I Nitrospirae
304 0 Osers
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%*ﬂ«?f i‘LH%
N

KAk il

HIXFF)Z  Relative abundance/%

W Gemmatimonas
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- Ohtaekwangia
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00 Piretiula
0 Solirubrobacter
B Nocardioides
Dongia
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K2 AR A ] (a) g (b) Kb
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Fig.2 Percent distribution of soil bacterial phyla (a) and
genera (b) under different mulching treatments

DOI: 10.7515/JEE192011



594 M BRI 24

23 ARABEARTEXRTIBEAREESHMESW

CK. SM. PM - 8 v iy A6 0 2] 1% 240 1 I )5
TR B 458 %X coverage 7771l 4 0.9920., 0.9894, 0.9855
(#2), UL AP A 40 Y Fh 5 B AT 2
T35 AIL, Chaol #5441 ACE 488U H A A
I AL REE & OTU %% H 945 %k, Chaol J7
% ACE J7 545 1 10 & 2 1928 SM>PM>CK
(p>0.05) (F%2), RUIFBHESSHREES

#10 %

Wsgin T L T 9 4% 2. Shonnon Fi5 £ Al
Simpson 5 #UH LG E A 9 Z 44, Shonnon 45
BB KRR ZFEPEST, Simpson 5 45U L 34
FIPERETS TR A, AR, B R R I 22 i
ik, Shonnon 4§ %% & SM>CK>PM (p>0.05) ,
Simpson #8508 PM>CK>SM (p>0.05) (%2,
RUFEFHE S T AR 2w, OB S PR
B2, MR S T 2R .

2 AT T SRR

Tab.2 Diversity indices of soil bacterial community under different mulching treatments

B LGRS B FRAGEL AR R
OTUs chao ACE .
Sample Number of sequence Coverage Shannon Simpson
JoEE  CK 47387 2701 2865.792 2837.188 0.9920 6.85067 0.00268
FifaE SM 42173 2755 2992.237 2963.340 0.9894 6.86245 0.00257
WA PM 33844 2599 2943.685 2914.984 0.9855 6.80751 0.00300

24 TEBRABEIAMEXEERIAEEEF AR
241 TIEWRAGIAH SN GRS [R5 55 7 = e i
T A0 A 32 50 465 e 1 . ke % i R R 6 AR
W= A R (XA, 2017) o O s 1y [
B T A i AT B & Thiobacillus . 21 R 2 i 4 &
Rhodopseudomonas . 7 & 3% [C # J& Stappia Fl 7%
PRI Nostoc %5 (XD, 2017; RHESE,
2018) , ASHFFEANAE CK HoR I ) B Rk i W 20 o
["] Cyanobacteria F )& Bk i 8 Nostoc (F£3) . E
A T R A DI RE 1 A0 T A R 4RSI 8 Cellvibrio .
Yt 5 J& Pseudomonas . %% 5 # J& Streptomyces |
FHFF @ Bacillus . 53 0FF 1 J& Mycobacterium |

YR E Arthrobacter . Tk E & Achromobacter
R R ® Nocardia %5 (Jain et al, 1994; Jang
and Chen, 2003; Ehrt and Schnappinger, 2007;
Gardner et al, 2014) ($3) . SM HAILF4ESN R
J& RN (p<0.05) , 4% 0 @ AT AT s
FI/D (p<0.05) 5 PM H LT AN G s F1 7y T 14
J& ¥ W E WD (p<0.05) . LKL, PM Y
A BB ST A B A AT CK (p<<0.05) &
CK 5 SM AbHET 448 ot iy H Joe A 12T R R
@ Methylobacterium ( 33 ) , FEAMLL (p>
0.05) , 1M PM HRAg oAb, ABEFEH R A
F 77 FGE TR

3 AR TN R K L IERRIE P AR G B

Tab.3 Abundance of carbon cycling-related bacterium under different mulching treatments

YEH 2T R 2 MEFEE  Abundance/%
Function Bacterium JETE CK S SM WA TS PM
IR  Carbon cycling
HHUR# Decomposition of organics
FYEIEE  Cellvibrio 0.036+0.009b 0.074+0.013a 0.006+0.004¢c
W RIREE  Nocardia 0.013+0.005a 0.014+0.006a 0.012+0.006a
HEREE B Streptomyces 0.352+0.027a 0.244+0.024b 0.369+0.033a
ZEUFTH)E  Bacillus 0.224+0.021a 0.173+0.020a 0.293+0.029a
PN E  Pseudomonas 0.027+0.008a 0.045+0.010a 0.027+0.009a
SRATFHIE  Mycobacterium 0.219+0.021a 0.183+0.021a 0.127+0.019a
kR Arthrobacter 0.658+0.037a 0.434+0.032b 0.148+0.021c
TetaFTEE  Achromobacter 0.008+0.004a 0.005+0.004a 0.006+0.004a
W[EE  CO, fixation
SIKME  Nostoc 0.025:0.007a 0b 0b
He% k.  Methanotroph
MIEATE R Methylobacterium 0.002+0.002a 0.002:£0.002a 0b

RHHMENTHME £SE, B — AT T REAN [F 2R W AR Ab 28 7] /) 22 57 4E p<<0.05 /KT &3

The values in the table are mean+standard error, numbers followed by different letters within a row are significantly different at p<<

0.05 by the different treatments.
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242 T EEEAEFIH AR AN R 5 2
AEAFEQFTEMED N FTHER. A&
fb. st . IAEACAETEIA AR (2SRRI A

2013) o ASHIFFE BTG DN 21 14 [ 040 TR 32 A AR
i J& Rhizomicrobium . T & J& Achromobacter
I Chryseolinea ( % 4) , H SM " # & # J& 1
Chryseolinea W) - J& I 2 5 T CK f1 PM( p<0.05 ),
Z 524/ A0 TR 3224 TR T H I AR
J& Planctomyces /NI g Pirellula, UL VA
ALIEEE & Nitrosospira (Ih2G5%5, 2008) (% 4) ,

HA 2 &R R F/NARUE & EAS R AR 2R T8 1

F2e5H (p>0.05) , SM 3 iy IF Al Ak 2 i g )
BCK ER (p<0.05) ; B 5 WAL
M A IR F & Nitrospira (£ 4) , H PM
BEET CK (p<<0.05) ; HAb, AUFEHTRI T
1) R [C T & Pseudonocardia W B 8244 2 iE 1k
NAEERER , TE AL ELR T W AR (p>0.05)
(FR4) o Z=5AEAAE B0 A 2 AT 37 8
Bacillus . & ¥ Y # J& Pseudomonas T & ¥ # &
Flavisolibacter (3% 4) , Hrh PM &L T AT HE R
MR (p<<0.05) , HARHEEA A 35 7 b
WFEELEEER (p>005) (£4) .

K4 AEE T T K IR G 1

Tab.4 Abundance of nitrogen cycling-related bacterium under different mulching treatments

(=il EHEIEES

Function Bacterium

M -FRE  Abundance/%
Fif#= SM  JiFEEE PM

T CK

FfEIR  Nitrogen cycling

A#%E  Nitrogen fixation
HORIH R
TCENFHE
Chryseolinea

Rhizomicrobium

Achromobacter

EIEM Nitrofication
W AHILIREAJE  Nitrosospira
EALIRE R Nitrospira
TFEARER  Planctomyces
/NEUV KR Pirellula
Tk R
JAHE/ER  Denitrofication
ZAAFTE R
TS )
WATHE  Flavisolibacter

Bacillus

Pseudomonas

Pseudonocardia

0.120+0.016b 0.263+0.025a 0.168+0.022b
0.008+0.004a 0.005+0.003a 0.006+0.004a
0.122+0.016b 0.315+0.027a 0.100+0.017b

0.084+0.013a 0.145+0.019a 0.127+0.019a
0.317+0.026b 0.344+0.029b 0.437+0.036a
0.428+0.030a 0.384+0.030a 0.355+0.032a
0.736+0.039a 0.685+0.040a 0.756+0.047a
0.074+0.013a 0.031+0.009a 0.059+0.013a
0.224+0.021a 0.173+0.020a 0.293+0.029a
0.027+0.008a 0.045+0.010a 0.027+0.009a
0.221+0.022a 0.206+0.022a 0.083+0.016b

B HEI T HME £SE, Al AT 7 AN R R HI A R AL B IR] ) 22 5742 p<0.05 JKF .25

The values in the table are mean+ standard error, numbers followed by different letters within a row are significantly different at p<<

0.05 by the different treatments.

25 AEEBEAXTIEAREESENS 18R

RASWEXR

SM # CK & & 3 i (p<0.05) H F ¥
KT 0.1% 09 41 & F 2 A Haliangium ., OM27_
clade . Chryseolinea. 38 # J& . Urania-1B-19
marine_sediment group . Sandaracinus. W. fi§ 1k
W2 TR J& . Enhygromyxa. BEATTHJE, X F5FAF T 6
Jo SN AT S 1 R A 4 S it (MBC.
MBN. SOC. STN. PNM, NO,-N, NH;-N)
1T RDA 4381 (EI3) , 4R R EATHE .
Chryseolinea ., tRJEH & 5 1+ MBC., MBN,

SOC, STN Jz PNM Y i & &5 22 1E M ¢, 15
NO;-N MNH; -N 2 G AH5¢, TAS LR # & 5NO;
N R IEMC, MBS T &R (p<<0.05)
HFEERKT 0.1% M AE F 24 Gemmatimonas .

Ohtackwangia. 25 i = X W J& Nocardioides .
i fb ¥ B JE. Paenibacillus. Reyranella .
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