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Effect of A Kind of Biological Stimulant on Microbial Community in Rhizo-

sphere Soil of Soybean
YUAN Xin, WANG Meng-liang, WANG Jun-hong

(Institute of Applied Chemistry,Shanxi University, Taiyuan 03006 , China)

Abstract: In this paper, field experiments were carried out to study the influence of biostimulant ( Diphenylurea Sulfonic Cal-

cium) , developed by Shanxi University to the rhizosphere soil microbial community. Test set up five experimental groups,

group S1 to S5, and one blank control group CK, then spray Chinese fisher Rhizobium or different concentrations of biostimu-

lant to soybean seeds. Collected soybean rhizosphere soil during the flowering period, and compared the modified SDS meth-
od, TSAI method, Sangon magnetic bead kit and Mobile kit method, and selected the best Mobile Kit Method for soil bacterial
DNA extraction. Amplified the fragment of 16S V3 region specifically, amplification products used for subsequent high-

throughput sequencing analysis. The result showed that compared with the CK group, the Shannon values of the 5 experimental

groups decreased. Compared with CK, S2, S3, S4 and S5 were found that the relative content of Proteobacteria, Actinomyces

and Bacteroides were increased in the main phylum, and the relative contents of the phylum and the hard wall were reduced.

At the genus level it was also found that there was an increasing trend of functional bacteria in soybean growth and nitrogen

fixation. Biostimulins made the diversity of soybean rhizosphere soil microorganism decreased, and could promote the growth of

rhizobia, increase the content of rhizobia in rhizosphere soil microorganisms, at the same time, it could promote the number of

functional bacteria in rhizosphere soil microbes, not only promote the soybean nitrogen fixation, but also promote the growth of

soybean.
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ARG LA 1L P K24 W Ak 2 F 5% T I & —
Fofr m 348 T 5 2 AR R 0 AR AR A ) ( 2R SE DR e
FRAES ) V5 A A= Wy i 2%, e A T 5% I P AR R i 2B
F AT LA A8 5% CCAR R P 1) 6 SO £ 11, A20w 109 48
5 [RIEAT LA S AR 181 ™ A 235968 1R 7 5 Ot A R R
PRAE S R G AR T 5 R R AR R A S
L 215K P2 B R e A LA e R
A= R A AR PR G 4 b R 22 R 1
i e T, PRI, A SR R 98 412 A= it FH - K,
SR FH 38 I 14 O 6k A 9 e R 2 4 3 R S X
KGARBRIEA YRR B2, Sk A R R A R G
B A PR R AR K

M T A5 5 2%, B AR UL DNA (1% 77 ik xE
DL BRI BE IR , T ik 1) JB5 5 R R n] il PCR 93
H Tag DNA B4 B L K B D) 52 7 B4 BR ol 750 P )
PG o A, H T o P O A A Y 22 S, AN T
(1) e A 255 ) - A= 1) DNA AR IUSCR .
BRI, 6] P9 AT 98 3 X6 AN [R] 119 398 DNA $2ICR 44k
JTEEHEAT T BT o ARBETE R 4 FhR O
PN RGP s DNA JEAT T3, F A 8 )y
PRI DNA 4l % 38 FH A #4520 B
16S V3 A5 X (W5 ¥ iE4T PCR 934 I 217 B v
BEREHL YK IR UE , AP 33X JUAI AN [ 3 U7 76 Xof + 4
Tl W 22 25 ) SO SRR o

1 #MEERE

1.1 ##

L1 Xa&# ¥ 78, dih v ol B2 b
SUAEVITIER -

1.1.2 BX @A 3k R @ ( Sinorhizobi-
um ) FA LI % R AF

L L3 Adpplgd LR BALE T & ) —Ff
AN AR YA RO A AR R

1.1.4 AR s & g g iR ELTNE

U BT 2 PRI 58 B R rh AT i s T
E111°76' ~112°00'22" ,N37°19'44" ~37°27'10", +
HEATHLI 15. 62 mg-kg ™' 2% 0.78 mg-kg ™' HEL
B 17.97 mg-kg ™" HAER 152.4 mg-kg ™' BEALHH
392 mg-kg ',

1.2 RBEAT RIS

TR 2% vh i pHB. 0, 7 2% TR £ I Wik 1% o P
(PVP),

DNA 2 BUZ% b : 100 mmol - L™ Tris-HCI, 100
mmol L "' EDTA, 100 mmol-L ™' #§fi#4#,1. 5 mol - L~
NaCl,2% CTAB,

R YHMERRIC L 2R A7 S = 250241
(V/V) .

TSAI 7AW 1:0. 15 mol L7 NaCl,0. 1 mol - L.~
EDTA, TSAI 3% 11.0. 15 mol -L ™" NaCl,0.5 mol -L™"
EDTA,10% SDS,

PBS ¥ W: 0.12 mol - L' & R 4l 2% vh L,
pHS. 0,

1.3 fRigit

IR A AR, e S MR, 1 = H
Xt I CK A, R AR 49 00 30 3R s ORI AR RS TR R e 1
Bt (3R ) AR &g 20 b, B A4 106 20
8 mLZRAB/KIEATHERD , i B2 hiE M, R4 5 17, B
B 700 #k,3 WWHEKE ., T 2016 4£5 7 5 HiftfT K&
RHh,2016 £ 7 7 8 HBHT HHEREE

x1 PEHEENRKESE
Table 1 Experimental design for a field trial

in Fenyang city of China

NX

Residential

i R b

Number Experimental treatment

consumption

S1 rp A 9% (G R T 4.4 mL
2 W R 40 g'L’] 3.6 mL
S3 AR E 80 g- L 7! 3.6 mL

S4 PR R + I 40 gL' 4.4 mL+3.6 mL
S5 B IRICAYRIE + A RIBE 80 g-L ' 4.4 mL+3.6 m.

CK 2 7K ,8 mL
1.4 FHi%
1.4.1 WBHBEMARAE IHILHRRHE R, 2

% YMA Wifk3E353Em 120 remin ™' 3555 48 h, AR IE
PR 2. 86 x 10° 4> emL™"

1.4.2 AYplgZsad g RIFRE40 F180 g
F [ PR A A W I 38 ( PR IR R R4S ) 7 F 1 L
A, S
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143 XEHERE RS S REANF LM
IR ARBR 13, #5000 ~ 20 em 4 2 K G 58 B Al
PR AR T K R S B TR R
TAR R HHE IR R 4, 5 SPCREM
THRERAEVERZ AR 1 A 3RS . AR
MRS G5 R 2 1 A ERE T - 20°C SRR AR, D)
A1 453 T v 38 0 P 53T o
1.4.4 +£3 DNA RRIx  ulRHLT 4 #y
I ERE B B DNA J i 3 IR

(1P R SDS #: (J7ik 1)« FEiKERAR A5 Ik
Fehih FEA AL, O HETPE 76 10 mL 2% B %%
MWW TINMA 0.5 g H4ERE S IR AW BEFE 15 min, 5
£>5 min (1000 r-min~") BUILIE, TR FiR AT 2
Wo BUTEHRZE 1.5 mL 30458, IEF -20°C 7k
FELRAT 75 H ; @DNA 421 : F 1. 5 mL DNA $2HZz v
WHOMA 0.5 g AR PR 14 K 10 WL 2 [ il K,37°C K
7 30 min FfREE]FE 10 min #2355 1 K, A 150 pL
20% SDS,65°C /K4 3 h I [a]FG 15 ~20 min $ 5% 1
K, T2 IR E0 10 min (8 000 r-min "), U4 7
IR 2 mL B0 T, HAERRIIR & Pl
WA . B0 SR RS 2 2 K1) 2 mL 2.0
& FHL/34K 89 PEG 8000 T —20°C YiJiE 2 h,4°C
B0 20 min (12 000 r-min ") SR RRUTTE , UTE
FH4°C 70% CBEpFITFEE T KW L5 1K,
I ZARFR 100 pL,

(2)TSAT L (U5 2) 1 g 58 A%, A 2
mL PBS AW, B T# K IE % 30 min (37°C, 225
remin ') B EUCHLYE (12 000 r+min ™', 10 min)
AL S mL %K 1,0. 5 mL 1R, 37°CKH 2 h J5
A 2 mL 8 10, 6 F - 20°C i A7 kil Z e Kt
(65°C)JEFF 3 ¥k, BE.0>(6 000 remin~",10 min) B |
ISR TR S P P2 2 1k, ZBEDITE
(12000 r » min~', 10 min), F 100 pL ¢ 1 7K
WY

)il &R BT R AAY TR (L
V) A R w1 B 1 2R v i i L PR 21 DNA i 42 34 551
& (71 3) Fll Mobile 22 7] i) BIO-101 DNA extraction
Kit Il & (775 4) o
1.4.5 DNA®REL 4 E4&n  HREY DNA &
1 1% AR RS FRL PR RS , 180 V LIk 20 min, Bio
BEME G 22 58 T W SR 45 S 40 IR, DNA 4l i R H
Thermo /A &] ) Nanodrop il 52 OD {8, 3 LA A/ Ao
1 Asgy/ Ay LLIEPEHY DNA ZJE
1.4.6 PCR ¥ ¥ R pm&# 551 K PCR:

=

PCR, ¥ #8414 16S tDNA 13 Fi 5|4 F27 F1 R1495
YER519

552 IR PCR: 2 1 3K PCR JZ k4T 10 575 B
JEVE BT 1 , 4 B 514 F341 F1 R518 45|
Yy 15 16S DNA V3 & A8 X, F341 J§ %1 5'-
CCTACGGGAGGCAGCAG-3', R518 J¥ %l Jfy 5'-AT-
TACCGCGGCTGCTGG-3', 7 F341 (1) 5' K v i — B
F 31 % 5'-CGCCCGCCGCGCGCGECGCGECGCGEGCG-
GGGGCACGGGGGG-3'fy GC

PCR {& % : PCR Easy SuperMix( 4= T.) 25 uL, I
TUES 45 2 L, 514 10 mmol - L™, +-Hek
DNA 1 pL 5 MK EMZEKZE 50 pl, Ak
R R AR RE R4, >R F Touch-down PCR
JF:95°C , A P 6 min, 7 5 MMEFR N 94C 30 s,
65 ~55C 45 s(FMEIRFEAL 0.5°C ), 72C 45 s,
J& 20 AMEFR A7 :94°C 20 5,55%C 20 s f172°C 30 s
FJ5 72°C 10 min, F 4CHE7FE. PCR F=4 0 1% 3
I 5 2 L AR
1.4.7  ZHada 5541

(1) JB2 Ll 5 - i FH 3 i W Fa Uk X PCR 7= 4y
HEAFINE , 2R 0 A T B0 AR 06 M [l i it 751 6 %
DNA AT, i Qubit® 2. 0 %€ Y6 57 % A i =
PrEAT 2 e Ab BEIEHE B A AR S AR SRS 9 DNA ¥
JEFE 11 FE43 IR A1, P KA | 454 0 3 4%
(Roch GS FLX sequencer)Xﬂ‘?ﬁ'gé‘f':%ﬂ:???ﬂﬂr?[m o

(2) BmAb 3 00 7 i 457 51 5 RDP 5504 122
HEFT HEXT, 4 Mothur B4 05 2 [ Fh ] 454 43 25 52
JG(OTU) M HEAT 22 B 120 B, 358 7 4 15 51
(Shannon) | B #f 4= & JE 48 %4 ( Chaol ) =73 FR 15 4
(Simpson ) FI 7 % 5% ( Coverage ) JEXF AN 432

2 HRE5SH

2.1 4 ##EIR T 1] DNA iR

-3 DNA f94R HRES SRR W], 4 P75 BT $ B
-3 DNA R B 25 5 AR, B7E 21 kb Zidy, i
HENH BT SCIREEA — 2 B S
B 22 5, Horp Mobile 2050 & 7 $2 0 DNA %7 5
i, AR TR & AR5 5 58, T TSAT i %5 5
BOM), B R SDS A% S (] 1) o 4 DNA 1Y
Asgo/ Aoy A 1. 8 AT 1.8 N R W] DNA oAy 45 11 i
15 DNA gl EER IS SRR (£ 2) 4 vk
Hh, WA & vk BT SR IR DNA 40 37, A/ A
SFASE R 1.7, H DNA rp it 2 ot 3 22 R G A
R BT AR o 9 i T 4 0k 32 U DNA 2 i,
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Jr i -3 DNA w05 FE R 7 /b, Tk B SDS 2%
AL = B R, S R e

Ao/ Ago FIIME N 1. 32,75 Y ) 3 2L I 26 (4 o R
FHIR . MITHR UK £ 43 DNA B B n] DL, 32G0) & 32

1: 20000 marker; 2 ~4: Mobile i &k; 6 ~8: 4 TRERKIAN &1%;510 ~ 12 TSAT 7;14 ~

16 : R SDS %,
1: 20000 marker; 24 Mobile kit method; 6-8; Sangon magnetic bead kit method; 10-12; TSAI

method ; 14-16; Modified SDS method
B 1 TERREYREFAREEERAEKE

Fig. 1 Metagenomic agarose gel electrophoresis of soil rhizosphere microorganisms

%2 1HiE DNA OD &
Table 2 Coarse extraction DNA OD value

A T RGN & MR SDS Ehik
oD {if Mobile i £ ' TSAI e
Sangon magnetic Modified SDS
OD value Mobile kit TSAI method
bead kit high salt method
Ao/ Asgo 1. 80 0. 01 1.65 +0.03 1.36 +0. 01 1.19 +£0. 01
Asso/ Anso 1.92 +0.02 1.59 +0.01 0.58 £0. 04 0.52 £0.05

2.2 PCRyIBLER

F 4 FhELIOT VL B3R A3 HRLEE DNA S AR 7y
BIEAT PCR 73, LR T L P 3R A9 DNA J Bedy
AN B A ] AT 8 B
JRE LA , 55— IR IR T L 1.5 kb By Fr BL

(F2) 28 Z 3345 230 bp ZeA7 A Be (8 3) , 4%
g MBS VAT 25T, 71k 4 25 oo, AR I
4,05k 1 SRR S 8, R RS, BEARAT GO R
DNA ) OD {EHE , R e e #5077k 4 1 14 ok
FRAR PR A4 DNA 19773, AR S0t

1: 3000 marker; 2 ~4: B[ SDS ;5 6 ~8:TSAI ;10 ~ 12 A TREFRIRHFI &1 ;14 ~ 16 : Mobile 385 &%
1:3000 marker; 24 . Modified SDS method; 6-8 : TSAI method; 10-12; Sangon magnetic bead kit method; 14-16.

Mobile kit method.
B2 HIERERMAEY 16S £ KEEVERRBIKE

Fig. 2 The agarose gel electrophoresistotal of 16S rhizosphere microorganisms of soil
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1: 3000 marker; 2 ~4. PR SDS 35 6 ~8: TSAL ;510 ~ 12 A TREBRIAF 1% 514 ~ 16 : Mobile ik 1%
1:3000 marker; 24 . Modified SDS method; 6-8: TSAI method; 10-12; Sangon magnetic bead kit method; 14-16:

Mobile kit method.
B3 TIERERAEY 16S V3 XIRAsHEEEE ik E

Fig. 3 The agarose gel electrophoresis of rhizosphere soil microorganism 16S in V3 area

2.3 SEENFERSH JRFEH A AT AT 4 SR TR
ey 18 e P 2 A R TP Y PCR 88 2 7 A ik R R IB 25 ing e = Y W 0B IR e i S DA

HRFS (chimera sequence) , XA RFF AT E  ARBUTFHIP TS IR T 88% (£ 3) . WA
FEBRHR G AL BIFAR B R A TR e it OCR BRI Brs 2 B9 45 R s i T Se

®3 HE@FIIRT

Table 3 The statistics of sample sequence

FE EEp Gl p ]l L i)
Sample Effective sequence/bp Quality sequence/bp Proportion/%
st 50514 44889 88. 86
2 46560 42740 91. 80
S3 44576 41206 92.42
4 48955 43648 89. 10
S5 45532 41235 90. 56
CK 53161 46862 88. 15

AR Fr Ao 3 R L it e 471, HEA B 26 R 225

SAATE 230 bp z:J;( I 4) %4 165 DNA V3 X K 14

BE KA A8 AT R — 24 "1t

T ARG S R TE 4y, N B R e R R = 10

B AT BN, et R A e oTu £
B, ABEHLINE 1 5050k B AL 67, OTU SR 5
B TR (1 5) . Mighisnh ikt £ |
SR B A I RO s T A e s Y
JF7R 6 ANARBE A BELE 3 500 4 OTU 4k, il kit 16 - 2r
iﬂ’lﬁ‘%zﬁ{j’\{m”rﬁﬁiﬁ%i@*ﬂ ’ ﬁﬂjﬁ@(*ﬁijﬁ 078 104 130 148 163 176 189 2(I)1 2i3 2i6 2|l9| 2‘31 2|34
B OTU L3015 ] B SRS S, I 5F 76 A U ) FFFLKIE Length/bp
PR H4 RRFIKENT

Fig. 4 The distribution of quality sequence length
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2.4 RERTEMEVEESHEEIN AR AF I OTU BT , 8 o A0 AE 95% L B, I

AHFFEIEMIF260 S8O5A KT I, &4 CK 24 Shannon {H 5 T 5 MRS 2, Simpson
A I FP R 43 4302 A RUF 5. F T A2 W5 Shannon (RIS, ZARIE LSS R CK >
—LEZ VSRR, A LA R D7 T S W B REAR L S2 >3 >S1 >84 >85,
AW RErE, NF 4 T LIS a0 4] 5 25 B0
F4 SHEERST
Table 4 The statistics of diversity index

i Ve =LiSTH AR EL B E B AR B R RaLToTi
Sample OTU Shannon Chaol Coverage Simpson
S1 5474 6. 862521 6440. 585 0. 980401 0. 006476
S2 5132 6. 953577 6514. 705 0.968811 0. 005221
S3 5273 6.920187 6201. 458 0. 959674 0. 004585
S4 5067 6. 806353 6508. 349 0.961186 0.007043
S5 4989 6.781724 6520. 095 0.955714 0. 007970
CK 5349 7.286942 6851. 287 0. 964850 0. 003228
2.5 RERTERAEWE R Shannon-Wiener g %I Shannon-Wiener £k (& 6) . FEAN [R50 S 44k
Lo R B — A it 2 1) 730 BERT I Y £ R 0
e 4 THR T3 89 Shannon FEEGHEATEIE, 15 R, ATRURBAEA 4 RZ B BUEYIE B .
8
7
6
b
Z s -
£ S===NS),
£ 4
E - S3
0
® 3 —_— 54
m
-Sg 5 — S5
e - CK
1
0

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
FF51%X Number of sequence

B 6 Alpha 525 7% i £

Fig. 6 Alpha exponential dilution curve
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2.6 IRFRTIBEMAEWMBESEUOW

5 FIH T A FEATE Phylum 733K T /7
FIECH o ARPR LR A OC A T ROk AR R T
[J( Proteobacteria) g #F 5 | ] ( Acidobacteria ) . it 2k
Hil1( Actinobacteria) \fU#F 1 ] ( Bacteroidetes ) . I
T ] ( Planctomycetes ) | FE f# B |7 ( Verrucomicro-
bia) . fif B B ] ( Firmicutes ) . %% 25 & [] ( Chlo-
roflexi) 2 HF 4 ] ( Gemmatimonadetes ) A1l 1k 18

JiR 1] (Nitrospirae ) , % 10 28R ] i © A0LETE & 1Y
62% LA b, o A8 S8 T 114 & RE A vh T o5 Ee 45 ok
15% ~41% ,FRFFET1H 9% ~14% , &KW 1H
13% ~21% , AR TIPSR T 8% o M ULH]
U, 25T i ] ( Proteobacteria ) F2 #1 # | ] ( Acidobac-
teria) FHZL 4[] ( Actinobacteria ) 75 K &LAR Pr i AE
Yrvb A BB A

&5 Phylum 9EF5EH

Table 5 Phylum classification sequence number

B
S1 S2 S3 S4 S5 CK
Phylum
AT
12547 9619 10027 14037 14474 6181
Proteobacteria
FRATFIA ]
6325 4238 4566 4362 3910 5901
Acidobacteria
KA
3497 6239 6657 6420 6378 2102
Actinobacteria
FFFRT]
3232 5450 5675 5532 5639 2272
Bacteriodetes
TR
2802 1844 2585 1846 1862 1618
Planctomycetes
PR ]
2112 2626 1536 1974 1662 2596
Verrucmoicrobia
TR RE P 1]
1712 1393 1211 1010 1235 2969
Firmicutes
ST
1458 1064 1106 1083 1147 1290
Chloroflexi
TR
1677 1385 1127 1002 1018 1382
Gemmatimonadetes
AL AR A ]
456 326 444 379 305 418

Nitrospirae

7 27 6 DREA B A TR HE TR 25 A 1, B A i
A 1 DX Sl T RRUAR S 2 €0, BT % 7 ) b FE AS A o oh
A&, 5 NI S CK AL, IR ]
( Proteobacteria ) AHXT 75 5 1 3 14 i, o rp b 3 S4 Fn
S5 #E T+ AW, 73 BIIAE] T 32% F135% ; AL BE S2
1S3 K ME KT S1, AbHE S2 .S3.84 i1 S5 5 CK
ZUAH L, i £ 8 1] ( Actinobacteria ) F1 8L #F 14 [']
( Bacteroidetes ) AR} & B B84 m, 4b B S1 5 CK
AR, MR8 1] (Acidobacteria ) 1 B¥ p]
"] (Firmicutes ) %0 20 AH X & B AL T CK 41, Horp i
BE 7] ( Firmicutes ) J8/0 & 2% ~3% .

2.7 RESW

Jit FH H e B AR IR TR A A= ) AR 2 5 TR 4%
AR F L R IE (BT 8) XS AR A EA Y
TRET, B AR IE B (H, BB R b
ZAS [V P AT, R L i, O i O g A
WAL IR IRl B AR R AR R G R . AR B S2
5 S3 RSERET AL H S4 55 S5 RET 2,
RJr PG AR ST REE T, UL S2 15 S3 A
R HEAREL, S4 55 S5 21 BT 1 fF AR DL, AL B ST 5 82,
S3.S4 1 S5 4 = A AR, 5 Mg 415 CK
HIFEREESR



758 K =2 B 2 51

0 Others

100 -
80 - — .

704 BB
60 -
50 -
40 -
30
20 -
10
0 -

S1 S2 S3 S4
A Sample

7 Phylum K F B EE S HE

Fig. 7 Phylum horizontal community structure
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Fig. 8 Samples distance from infraredimages
2.8 ERSEE genus JKEHEM DT BT, BB AR ST 5 CK 4125 R &
%6 FIH T RHEATE genus 73 FOKF T E A MR RS (Rhizobium ) X & RGN ; AL BE S2 |
AR 2 O AGHE B — S8 45 bR, AT SE kB S3.S4 1S5 55 CK LA LU AR X & BEafAT 35 n, o
W E ARG A K AR A TR [ R D B e R R I RE Y 1w 45 K B W 8, JE HE AR
— LGl AN F O AR AR A AR R (Rhizobiwm ) , Ab PR S4 1 S5 & (A5 T S2 Al
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S3, Horh S5 By KB E IR B T 8% ; fie dE R A K
AR A B D BE (Y s oy AR B S2 . S3.S4 F1 S5 5
CK ML Z T, BROC R 8 ( Erwinia ) 1) %08 FE A

FeF-, MTHE R 7 ( Streptomyces ) Bt Bt 25 4 i 4 21
HH T B 5 BR i 2 A AR B S2 N S3 R AR sS4
S5 F5F, B WS HOH K

R 6 genus KLY FIIEE

Table 6 Sequence number of genus classification

J& Genus I} HE Function S1 S2 S3 S4 S5 CK
A58 R 1A 8 Burkholderia e 2 5 2 152 221 286 296 312 245
T &8 Achromobacter Promote nitrogen fixation 282 709 686 654 710 364
IR & Rhizobium 3628 2460 2915 4820 5150 1658
H 18 A= AR IR £ )& Mesorhizobium 529 725 664 827 744 469
184 AR IR )& Bradyrhizobium 299 456 519 506 522 320
WS B R Erwinia 8 2 A 9 419 412 386 395 489 433
+#FH & Agrobacterium Promote the solution of 656 735 889 810 846 623
Wit # & Thiobacillus phosphorus and potassium 174 268 321 306 341 221
B @ Streptomyces 329 409 457 367 491 575
R BB J& Pseudomonas 186 152 611 391 589 252

ey KA R/ 5B IR R
211 256 313 244 337 156

Escherichia/Shigella

[5 B MR & Azospirillum 188 424 493 486 532 146
FEHFT & Rhodanobacter ] 328 656 775 724 848 429
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