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Effect of Clay Treated by Microbial Agents on Soil Bacterial Community Diversity of Maize Field
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Abstract To understand the microbial diversity of soil bacterial community of maize field treated by microbial agents on clay. High-throughput
sequencing technology was adopted to study the microbial community structure and composition of soil bacteria in maize field. DNA of the mi-
crobial community of soil bacteria in the maize field was extracted. The bacterial 16S rRNA gene hypervariable region V5-V7 was detected by
high-through sequenceing technologies. The contents of soil physicochemical indexes including total phosphorus, nitrate nitrogen, available
phosphorus, rapidly available potassium was increased after maize field treated by microbial M1 and M2 on clay, respectively. In addition, the
soil bacterial community diversity of maize field was influenced in some random,richness index was higher, diverse and evenness index were
lower, and sequence and operational taxonomic units number of samples were increased. The abundance of Proteobacteria was reduced,and the
abundance of Actinobacteria and Firmicutes were increased. What’ s more, the abundance of the dominant bacteria genus containing Actinomy-
cetes and Bacillus were improved evidently. The abundance of soil bacteria which could cause human disease and participate cell transforma-
tion was reduced,and that of soil bacteria participating metabolic pathway was higher. The soil bacterial community diversity and structure
could be influenced after maize field treated by microbial agents on clay,in addition to enhance soil nutrition, increase abundance of beneficial
microorganism ,and then improve the ecological environment of maize field.
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DT 5 % B0 i ES {1 B F B ( Pseudomonas  stutzeri )
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AR T2 R (26. 70217, 30) mg/ ke, HUSHR - 14 75
7(199.90+66. 87) mg/kg.
L2 REHE O BRI ML, A5G R 5 2F R R
(B. subtilis) HR15 ZE45 25 /0T ( B. atrophaeus ) HR37 F1 D1
FEHT ZAUAT IR (B velezensis ) HRSS #8121 1L FITE A &
P 15 L JBFEIR 2. 75 ke BLRRES 160 ¢ BiBREE 80 ¢ |
BRARIEAK 80 o BRAREN 80 ¢ ', A/ h 3% 30 kg @ik
AP M2 8 M 28T 4 SR XS A BILIE (4 5 A Pl
25.5% R 1. 63% B 1. 54% 44 0.85%) 9 30 kg, O EY
BT I MCK, FLT RE TR Al FL 2 A AT TR AR T BYM(Hy
SR BRI BT TR — K28 30 2RI AT 45 1R AR 4 i 4 1 1)
Iifiedl) R EZERFF I =1 1042590/ g, BE R R =5 10/ g,
T AEW AR (Aea) A B A, B R K 1 5E 2 =
55% ., @ALEAR2NT IR 2 2000155 R AT R 3+ LR AR, B
T E AR A R A FIA . FREMETE 901 5,
1.3 MEYEFBHEHELHAE 201944 A 11 HET
KGR FR XA X 5 S ARk AR TR (GR ok
F) PR TR A P TR ) ML M2 fCAE %6 BR 24 37) (MCK)
Py A A SR, Bt FF A 600 keg/hm?® , 209% 17 52
AR+ AR A TR 5 (ES) 5 Wit 3 - ek 1, pir
TR /NX S BERFUIERE , BERFIREE N 20 em 247, HIH]
IR 5 A~ Ab 3 . CK J& 28 X R M1 22 i o R 2 1
AP M1 M2 S22 A R 82 HUIE I A P B ) M25 ES
Sl AR 25 ) B[ 209% WE 25 R ] I MR ) + AR AR A (4~
6 g/m’) ] s MCK S {700 X B 4K /N X T AL
200 m’ /N BEHLHES , /MK 22 18] F I 43 B , B3 A B 4 A
BE, RN A AR R, B E TR R RS
T FI K I A B
L4 HAEPEFHINERRALEREMCERNEm *
KABI(T A 22 H) RAWMELR (HBEHR 6 em, KN
20 em ) SRAEAR H 3 (BE B AEAK 15 em YR H 0~20 cm) , +
AR vk 1 52 B =, — 34 T IERE ik ST &
K& A= B 254 B R R - 3R MR IR 2R, )
T HEEAKIN 458 pH LR A HLET A e IE A
T Gl IR SR s

TR A S R (2 A &0 pH ) SRAE M
Dy 41 pH SR ZLIC/YQ-025 %1 pH 1l 2 , &%
FHHLECE ZUR I , A7 00 R FH e R VB i £ — SR B L L ik
D5E | SR PR T 5 | SRR R R B 13 4 — KM
FEVRINAE | 3T LT oR FH E AR TR B 45 ek vk — M A
TIBEAER ALV PO RN E . BN 3 EHE,
Bt R P bR R
1.5 E[[FZ DNA #iiR  $2E b3 T AR SRR 4
A DNA LSR5 FI T 1% 3 R W 556 J5¢ P, K RS, D00 i 2 7y 5 181 201
DNA,
1.6 PCR¥E HiEP #5149~ 338F.5 —barcode—ACTC-
CTACGGGAGGCAGCA —- 3', 806R: 5" — GGACTACHVGGGT-
WTCTAAT-3" %t 411 16S rRNA £ [H V3 ~ V4 1] 45 [X 17

PCR 484, 51¥yih b1 2635 A Wy BE 25 RLEAT IR w5
B, P IX 38k A5 17 A barcode [4EF 514, PCR I1ER K
K H 20 wL 52K % : 10xPCR Buffer 2. 0 pl,2. 5 mmol/L
dNTPs 2.0 plL,5.0 wmol/L 1E[4] 5[4 0. 8 wL,5.0 pwmol/L Z
M3 % 0. 8 wL, rTag Polymerase 0. 2 ulL, BSA 0. 2 uL,
Template DNA 10 ng, b ddH,0 % 20 pL, PCR ¥ 84 4% .
95 °C 3 min; fEFREIX (95 C 30 5,55 C 30 5,72 °C 45 ) ;
72 °C 10 min, 10 CHEI R EE R, 5B—Fe4 1514 799k -
1392R 27cycles,iB k 55 C, % 59 #5[4).799F - 1193R
13 cycles,iE k 55 °C

XFER 48 PCR 4347 FH 2% By BB s v vk sl , 471
W Wl PCR 774y, Tris—HCL Y ; 2% 3 g b L Uk Rz, %
PCR 7*#J ] QuantiFluor™ ST % {8, 7% 5% & 1 2 5% ( Promega
O3] TR GE e, 2 S5 AT AR LU IR & . IR BRI
7= Mumina 23 7] B Miseq 2x300 SES 1% .
L7 HERAEESM S 8] 0 a8 51 T 5
AT DHE R SRR T o A ROT S AL
e =97% 7 511 B 25 N 43 28 BA 56 (operational taxonomic u-
nits) o 15 R BAEHEAT OUT 402240 AR B 551t , 1
I QUME #4547 B AR i 2 B 43T, 3138 RE Y Coverage |
Chao ,Shannon $8 %425 "' | Shannoneven {f {8 48 /<, 15 BH
HEVR IS BRI, Shannon i 80K, Ui B A 7% 22 FE 1 R
Coverage &A1 i B2 16 80, FRAE G WIREAS 17 51 14 46 D RE %
HS(EL B R WA I 4 7 e 2 R 3 v , BB S WA AR v
P BT, Chao S = 5 LR, BUH B = 5 BB
FIFT QIIME FIFI Ggplot 2 B34 PCoA 43H7, ANOSIM i1
1) statistic(R=—1~+1) B4Z1E T 1 FoR45 AL HA Z 8] 1 25
SRTHNPIZES, WL R AR B NRIRAE IR 2Z [ R 4
Wl 225, PAHWR/INT 0. 05, Ui WA (5 10 7] 15 BE A o
it TaxdFun FAFXT 168 RNA FLH P41 7H T Silva $i4l
R KEGG DIRelike

geit MR HI DPS 17. 10 8, P40 ArR IR R
Iy 22530 R B B/ M 25125 (least significant ranges, LSD) (P <
0.05) , (e 3 Y & I P I E AR UELR
2 RS
2.1 WEYEFAHLINERKREATEBAEROZE X
AR R R ) KA SRR B R e DL 1, R
LRI, 525 UM BRAH EE 4 ZH AR A RT US4 49 vh oA Bk
FIA ML i, % F R H A SR e i s i A —
o AP M2 w] LU i 5 rh 2R e B S A A
RO RN AR & B R TR R ML E 3 vh A S
R AR Y B i, WERE R AR ) S Ab FRAH [
IR A S A A R A ORI RO 1) 5, I 4 i R R
T,
2.2 WMERFEIGET XS AR 15 MEARHET T
168 rRNA FEPIIN 32 43T , i b Bl 28 3et F 4 F il 98 /5 45 3]
797 948 ZARTUTH o ASRlRE A BRARTEAS [ (4 17 1) Bt
M2(59 237)>MCK (54 503) >M1(53 611)>CK (50 464) >ES
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(48 168) . —MLFEARIUK T-AE 97% )7 51E4T OTU 2K, 5t
TR RA OTUs I-EREE S . RIREA LY 51 A 3=

BLAYAAE 401 ~440 bp, Hrfi7E 401~420 bp J7 515 e 2 R
465 960 %< (18] 1) .

F 1 BEWEFR LN ERKEB L EELEROFN
Table 1 The effect of clay treated by microbial agents on soil physical-chemical proprieties of maize field
1L U 2 2 R A58 o
izt Organic Organic Total Total Nitrate Available picty
pH . . available
Treatment carbon matter nitrogen phosphorus nitrogen phosphorus potassium
o'k &/'ke &/ke &'ke mg/kg mg/kg mg/ kg
CK 9.57+0.43 ¢ 8.30+0.00 a 16.47+0.28 b 1.10+£0.01 a 0.96+0.02 a  15.85+0.52 be 31.70+0.27 b 204.67+1.39 b
MCK 10.30£0.12b  8.23x0.15a  17.73£0.22b  0.98£0.01 b 0.87£0.01 b  12.30£0.27 be 26.00£1.29 b 190.33+2.34 b
M1 11.27£0.20 ab  8.10+0.00 b  19.43+0.36 ab 1.10+0.01 a 1.02+0.03 a  34.26+4.04 a  34.93+£3.47a  223.67x1.87 a
M2 12.07£0.10 2 8.15+0.17 b  20.83%1.67a  1.13+0.01 a 1.01+0.05a 19.33+0.33 b 36.70+0.27 a  228.67+1.32 a
ES 11.57+0.39 ab  8.20+0.11 a  20.03+0.65 a 1.07 £0.01 ab  0.99+0.05 a  16.25+0.51 be  34.17+0.77 a 199.33+5.38 b

T RIS NG RSN R A B A] 22 5 2. 2 (P<0. 05)

Note ; Different lowercase letters in the same column indicated significant difference between different treatments at 0. 05 level

>
=2
X 4F
o 5
w3 3F
®g
w8
g 2r
<]
9]
7
[95]
[ R fo X o Faw Fan o Yo oo Jow § o fo o Yoo Fo §a Jo Yo Fon Lo Lo R Ko J o Lo}
NT OO NT OO ANT OO NT OO NT OO
T T R e e s ANttt T nnwny
N T T T T T R TR T
N <t O v — — e e —
COONT OOONT OO NT OO ANT OO
ﬁﬁﬁﬁﬁ NNttt <tunn

Bl RRFIKENT
Fig.1 Length distribution of high quality sequences
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— BT LAHCBAN ARSI AE A v A A ) OTU % H o 5]
2 B7R,5 MEHEAEA PR OTU $0i A [, MCK (4 695) >M1
(4 653)>M2(4396)>ES(4 238)>CK(4 351) , ASJaJAbBREH )
I E RS A LA OTU Bkl , duf A /g OTU, 5 4>
ALFEARIFRY OTU A5 2 701 4>, M1 L FRE A Y OTU Hiiet oy
266 />, M2 LbBRAI AT OTU it oy 209 4>, MCK Zh P2 A Ay
OTU ¥#thy 412 4>, CK AL BEZ A OTU %it oy 208 4>, ES
AEFREAAAT OTU %y 166 4>, BRALAFIAA OTU 4h, %%
Ab B2 6 A A R BRI R OTU
2.4 FEZEHMLZL Rank-Abundance {fi <k LI 40 B FE
T RN = BRI S BE | IR 56 B S W T R ) R
TP O, = REabBe g 5 IR AR S e 1 BT A 22
hEGBET-Z2 45 5 BE Ml g s N2 Y T B4 e bl T W0t 226
P, TR ERBCr- i M R 2R, T R SR BEIR R
IR i) 22 BRI, H0 P O LS BT IT o E s

P 3 o, B RG] MR M2 AR f i 2 85 3 ek
HEGZ, HABREA B th Zeis BERL/IN, Bil] M1 FT M2 FEAS Y
P R R, R R AT ) B P TR IR A
Xof EREA Y F 5 BRI, 5 dREA R IhZIE R 22 T e 22
15, 3R] 5 AL PR RV 2 B R &) R AR A, e s
Xof i CK AT RRAR R 2, 0 B 2 10 IR ARV 22 RE b
FOR SRR T HARREAS o = 3 25 2 ith 2 158 B ol 24 00 T R
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2.5 RAEMEFIF X ERKHTIRAREE SRR
2.5.1 Alpha ZREpE, SR 16S tRNA KL 7 A% 5 2k
AR LA R AR AT T 0, B R R
Xk oK L SEA TR RS 22 RS20, S W TR X
KA - AR G P ZREPER SR I3 20 36 2 AT, A
DNREAS R e o P 483K 98 L b, A N2 SR A S e 1+
SEREA PRI 7 2 REVE R B A AL PR A T AR R
BEREAE —E £ R (P<0.05),M1>M2>CK ~MCK ~ES,
TR BAFE LS AR T SR VS A, A b 2 []
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H—EZER(P<0.05),CK>MI ~MCK~ES>M2, 4
FRUFE X AR TR 2 5 A — € (P<0. 05) ,CK=ES~
MCK>MI>M2, 85045 RAIE S, A P 5 o FoR A&
TIRANAE R R SR A —E R R

R2 MEMEFNEXRRE T EAERESHENZM
Table 2 The effect of microbial agents on soil bacterial community di-

versity of corn field

b - T

; Shannon Coverage ~ Shannoneven
Treatment Chao index . .

index % index

CK 3014.00+1.24 b 6.64+0.44 a 0.98 a 0.83+0.65 a
M1 3242.00+0.84 a 6.63+0.21 ab  0.98 a 0.82+0.34 ab
M2 3 102.00+0. 56 ab 6.51+0.13 b 0.98 a 0.81+£0.22 b
MCK 3014.00+0.66 b 6.61+0.52ab  0.98 a 0.83+0.54 a
ES 3086.00+1.20b 6.61+0.63 ab  0.98 a 0.83+1.34 a

T RIS RNG RSN R b JER] 22 57 . 3% (P<0. 05)
Note ; Different lowercase letters in the same column indicated significant
difference between different treatments at 0. 05 level
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25 HP AR > B2 27. 62% 11 14. 37% , (il oy i 7 0t
M8 MCK 1 M2 S0 FEAN [ 4 FR, 5545 10 R CKOAH BR A,
VB it BB AT M2 P 25 kAR - SN PR VR 2544
AP M1 RS 2 ] IR 0] (ES) AR B2 AN 2s 1 % AR
F) T SR PRV B A0, BTG 2 2R A B R AR H -3
HTERETS Z R — B ISR, (HA AT R A AL
. FEARHARIPE S HT (analysis of similarities, ANOSIM ) £t
REIR,S HFEARZ I R ELHA 0.262 2, BEIT AR LH ] 22 5
SN ZEFZIABA 25 (P>0.05) . P {H4 0. 015 BERT %A
D2 SR AE RE LA, BEg o ZH R FZH Y 25 57
PCoA on OTU level
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Fig.4 Principal co-ordinates analysis ( PCoA) of soil bacterial
community of corn field treated by microbial agents on
clay (OTU level)
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TR LR, 18] 6 7R FORAR H 38 bl USRS i A X
FRE> 1. 0% DL A T a8 3 240 45 39 2B 5 AR 11 I ( Sphin-
gomonas) i FT 5 J& (Arthrobacter) 257 i )& ( Nocardio-
ides) JPRAT B J& ( Marmoricola) | Gaiella F1ZEAFT )@ , H
HOAT IR SR I ORI MER S A Gaiella 3% T
R, B A B SR R TSR ), 2R A i TR
Bl To 25 FOMBREAY Gaiella 3218 5 T HAWALHR , (H 5 FF 1
J& R TQ TR K By A T s R 2 R AT s P A X 3
T HAWREA . FACEYIRR M1 A M2 $f 1A B REAS s
FRER & e R IR R KRB R R | Gadella FI2FFFT 1R &
02 B8 e TR A, M2 A (1 3 S B P T R
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Fig. 6 Bacterial community composition of maize soil at genus
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WS R T A FRVREAS () 0 A B B T P eIk, T AT R
& iR IR R RPLG R B | Gaiella AN ZERFT 8 19 3
FEART M1 FD M2, {H & Fas (X IR AT MCK, 156 WA S 4 90

FFELJE, TR I b 2 52 AT AL 2R
S5 B ARG LS R AP A ) 42 A T A8
e B e rh 2 SRS SRR A 2. e

FRFE 2 R TR AR T A BRI R AP L BRI AA B

2.7 ERRHETFEMEREH TaxdFun HEETA KECG
Wdhe ) (kyoto encyclopedia of genes and genomes) H T2 417> TaxdFun 45 RULIREY) RFIFE 4 2 FoM TORAR T L3R
PO IREAR R AR BRI RE R . 32 3 R e WIIERSERICE Ay DhRE , ARG T TSR AR 25 D fE

R3 MEMEFHIEERKELEAHE RN KEGG K@K EE

Table 3 KEGG metabolic pathway abundance of bacterial endophytic community in maize field treated by microbial agents on clay

PR M1 AT M2 P AR T 3 g DRSSP A0 1k
MR E, B 1 b 2 S A R B

giloe: WEFR JERfE R P . X
Cellular Environmental Genetic Human 3 Organismal
Treatment . e . . . . Metabolism
transformation information information diseases systems
M1 0.032 8 ab 0.163 4 a 0.114 8 a 0.017 1 ¢ 0.659 3 a 0.0112a
M2 0.033 1 ab 0.166 0 ab 0.1146 a 0.016 9 ¢ 0.657 1 a 0.010 9 ab
CK 0.0355a 0.169 8 a 0.1145a 0.017 6 ab 0.650 0 b 0.0111a
MCK 0.0347 a 0.168 1 ab 0.116 4 a 0.0172 ¢ 0.654 9 ab 0.011 0 ab
ES 0.033 4 ab 0.165 9 ab 0.116 0 a 0.018 1 a 0.650 8 b 0.0111a

TE : [RIFARING B R AN R b B ) 22 57 35 (P<0. 05)

Note ; Different lowercase letters in the same column indicated significant difference between different treatments at 0. 05 level

3 #ig5itip

THEME Y B A S TIRE, S 5 T A BT
A3 i8R0 G S ) A R, AR T S A R AL AR IR $E s
SRR RN A A W B LR A 5 A2 B b AL
JB RS AR R 2 s L R R
VE I ZREVE R B T 398 A Z5 AL RN 530 10 0 3 B A R v
FRSE , 76— FREE L] FVE 30k 25 R R e MR L 4R
AR AR AR . ERT, A AT S S RE B
A5 A T R 0 T R A T A A T A T
CH IR B REE B S0 o4 R LA . 43 1 R P e
T B AR A 700 5 KA R 39 400 A RS B
ZREVEIAT TS . TR REPE I HR LA /28 i e J
VETRTE ek Bidinf AR SR %R 16S tRNA
T FFH AR e B M M2 B4 X5 5 o A i
BV ZREMERISS HY I B SR IEA T T WF50, A5 T I 5 ]
PRS0 M A A B S ) ML R M2 3 K
P £ 901 -S4 BT V& F 5 I AR AN 2 B2 LUK I
B 1A B RAIXT R . I S T R IR AR 40
FEREVETE H BRI KT AT BK L0 Bl 2 0 A B 1
532 ABTEN TR B3RS AR B A 2R AR5 B S
W A BE R DX ) X A0 e L) K 168 rRNA S5
A B i JRBRIESA X

T pH SR ZREE AT B U™ T
FEAE S TR L b B 1 1498 pH ] S0 RAAG (L 139
AN ZREPET RN . AN ST TR S AL
J 5 T4 R 0 2 HRT I T LK P )
S LA W B8 3T R A Ry S WA R 0 5, o S
PEASERIE . THIFSER 2 Bl B T B ) B S RE T 3 el
b S Y I 2E AT T L B A HETT L S o - 4 rh A L
e A BT AR AR HOSC 2, o A 1 11
BRI T R B R FR IR BN T AN A R X e T B A
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