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Effect of chlorpyrifos on bacterial community structure in pepper
rhizosphere
CHEN Ting WANG Wei"

(State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: [Objective] To understand the effects of chlorpyrifos (CPF) on soil bacterial community
structure. [Methods] Both cultivable and uncultured bacterial communities were studied by plate
method and terminal restriction fragment length polymorphism (T-RFLP). PRIMER-E was used to
analyze the data generated by T-RFLP. [Results] At the first 30 days, cultivable bacteria in
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CPF-treated group were significant different from the control group (P<0.05). The numbers of
cultivable bacteria were recovered after the 30™ day. Based on the analyzed of T-RFLP data by
PRIMER-E, bacterial community was mostly changed (Hae I1I: C3 (the control group on 30" day),
YO (the 15 pg/g CPF-treated group on the first day), Z2 (the 150 pg/g CPF-treated group on the 20"
day); Hha I : Z0 (the 150 pg/g CPF-treated group on the first day)). ANOSIM indicated that no
significant differences were found between different chlorpyrifos concentrations (Hae III: Global
R=0.041, P=0.168; Hha I : Global R=—0.04, P=0.842), while significant differences were found
between different sampling time (Hae III: Global R=0.304, P=0.001; Hha I : Global R=0.28,
P=0.001). TRF239, TRF240 and TRF241 made the largest contributions to community abundance.
Several representative bacterial communities such as Bacillus sp., Clostridium sp., Staphylococcus
sp., Sarcina sp., Pseudomonas sp. were achieved by online blasting. [Conclusion] High
concentrations of chlorpyrifos will have a great disturbance on soil bacterial community, which will
inhibit the growth of rhizosphere bacteria and may suppress the growth of plants. Thus we should
reduce the harm caused by repeated use of chlorpyrifos in time.

Keywords: Chlorpyrifos, Rhizosphere microorganisms, Bacterial community diversity, Terminal
restriction fragment length polymorphism
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[7]
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1 MREFE
1.1 SKIG#RY
111 SRIEHES: (480 g/L
PD20084731)
6
0-30 cm
2 mm

1.1.2 EFELFFLEE:

«C )
( ) ExTaq
DNA
XWS80-A
FA2004
HWSI12

Centrifuge 5430/5430R
(2.5 10 puL) Bio Spectrometer Basic

Eppendorf Hoefer eps 2A200
Hoefer S1000TM PCR Bio-Rad
Gel Doc-It UVvP ABI 3730XL
ABI
1.1.3 15FE: Luria-Bertani (g/L)
10.0 5.0 NaCl5.0 150 pH74
1.2 ERZHRAE
(Capsicum

frutescens L.) GB/T3543.4-1995

10 cm 600 g
3
(480 g/L
PD20084731) 1.5 15 150 pg/g
( D 3

R1 480 g/L HILKEE L
Table 1 The concentrations of chlorpyrifos (480 g/L)

Absolute volume Relative contents

Number

(uL/0.6 kg soil) (ug/g)
CP1 1.875 15
cP2 18.750 15.0
cP3 187.500 150.0
28 °C 12 h
60% 2d
60d
10d

1.3 ERHVRE LIRAIRE

40 —20°C
10 g 1:2.5
150 r/min 15 min 30 min pH
pH 3
[12] 3
[12] [12]
( LS230) (]

1.4 TIEFSTERGE BN

GB/T19648-2006
97.6%
0.05 pg/g

tos
480 g/L
GC-MS

tos 22.06d
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1.5 TIEAEFMAEITE

58
45 mL 200 r/min 30 min
10"
10°% 10° 10° Luria-Bertani
20—30 min 37 °C
72 h 6
3
1.6 T-RFLP ¥ HiRME & #1404
DNA LaMontagne [14]

DNA

27F (5'-AGAGTTTGATC

CTGGCTCAG-3")  1492R (5-GGTTACCTTGTTA

CGACTT-3")" 16S rRNA
5’ 6-FAM

16S rRNA

Touch-Down PCR

16S rRNA
DNA

Hae 111

Don ! DNA

Hha | (1

C )
STR
17 HUESHR
STR
(Terminal restriction fragments TRFs)
50 bp 500 bp
50 TRF

PRIMER 5 version 6.1.9 (PRIMER-E
Ltd. Plymouth UK) T-RFLP
(18] (Non-metric
multidimensional scaling approach nMDS)
(CLUSTER) [19]

(ANOSIM)

SIMPER
T-RFs"" nMDS CLUSTER
ANOSIM Bray-Curtis
Bray-Curtis
log(x+1) TRFs
TRFs
SIMPER

TRFs

Microbial community analysis III (http://mica.

ibest.uidaho.edu/) Virtual Digest (ISPaR)
RDP
[20]
(One-way ANOVA)
P<0.05
SPSS 19.0 (IBM corporation)
2 ZRELH

21 FRENBRHRELREIEFARLEN
A

(2 (1.5pg/g 15 pglg)
- 10
(P=0.575)
20
15 pg/g
(P=0.021) 40

T2 TIEBUMR

Table 2 physical and chemical properties of the
experimental soils

Soil properties Farmland soil

pH 7.8620.20
Total nitrogen (ug/g) 1.33+0.09
Organic carbon (pg/g) 10.21+1.18
Organic matter content (ug/g) 1.67+1.54

Sand (50—2 000 pm %) 17.08

Silt 2—=50 pm %) 79.86

Clay (<2 pm %) 3.06

Soil type Loam
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150 pg/g TRF125 TRF231 TRF233 TRF236 TRF286
- - 20 TRF288  TRF307 3
(P=0.014) TRF231 (5.87%) TRF233 (3.57%)  TRF307
30 (3.52%)
(P=0.014) 40 (D 2
20 d (1.5 15 150 pg/g)
2 a5 (=== - VA .m 12-
22 HIRMMEMRE T IEMAREFEEEY 5 ~
=/ = 3 EE 10
22 %% k)
T-RFLP @‘% %’ 8
{‘ ~—
57-500 bp TRF 5‘5 B i or
PRIMER 5 g § 5 4¢
= I
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PR ik ]
Growth time (d)

2.2.1 Hae NEEYIFMSHMAEEZEMES:

Hae 11 34 1 SRR Bl IR AT 1 SR E S A 20
Figure 1 The effect of chlorpyrifos on the cultivable

1% bacterial community of pepper rhizosphere soil
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Figure 2 Multivariate statistical analyses of the bacterial community of pepper rhizosphere soil based on STR data

A C (nMDS) B D (Cluster) Bray-Curtis PRIMER-E
A B Hae 111 C D Hha 1 A
(C0—Co) o 1.5 pg/g (X0-X6) o 15 ng/g (YO-Y6) L 4
150 pg/g (Z0-Z6).

Note: The inputs of the MDS (A, C) and the cluster analyses (B, D) were T-RFLP profiles of soil microbial based on Bray-Curtis similarity
matrix. Picture A and B was get from the data digested by Hae I, while C and D was Hha 1 . A: The control group (C0-C6); @: The
treatment group of chlorpyrifos concentration 1.5 pg/g (X0-X6); [l: The treatment group of chlorpyrifos concentration 15 pg/g (Y0-Y6);
@ : The treatment group of chlorpyrifos concentration 150 pg/g (Z0-Z6).
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0 60 Hae 111 TRF240 TRF239 TRF241 2
CLUSTER 60% ( 11.52% 12.53%
) 5 C3 ( 15 pg/g TRF240 TRF289
30 ) YO (15 pg/g 0 2 9.10%
) Z2 (150 ng/g 2 )
( 2A B) 1.5 pg/g 15 pgl/g TRF240
Bray-Curtis ANOSIM 150 pg/g
Hae 111 TRF240 3
(Global R=0.041 TRF240
P=0.168) 4.40% 5.01%
(Global R=0.304 P=0.001) 447% ( 3) Haelll TRF240
50 60 (P=0.029)
SIMPER (Sporosarcina sp.)
TRF ( (Clostridium sp.) (Planomicrobium
) 1.5 pg/g 150 ug/g sp.) (Planococcus sp.)

R3 HHURE L IEMEYESZEHE T T-RFLP (Hae IIDAMER) SIMPER %7

Table 3 SIMPER test of T-RFLP data digested by Hae III in chlorpyrifos treated soil samples to evaluate the effects of
chlorpyrifos application on bacterial community structures

1.5 pg/g vs. 0 pg/g =40.16%
Effect of chlorpyrifos (1.5 pug/g) across all time groups, average dissimilarity=40.16
TRF Av.Abund (0 pg/g) Av.Abund (1.5 pg/g) Contrib (%) Cum. (%)
240 0.06 0.01 4.40 4.40
239 0.10 0.15 3.78 8.17
241 0.09 0.13 3.35 11.52
219 0.01 0.01 3.10 14.62
15 pg/g vs. 0 pg/g =42.19%
Effect of chlorpyrifos (15 pg/g) across all time groups, average dissimilarity=42.19
TRF Av.Abund (0 pg/g) Av.Abund (15 pg/g) Contrib (%) Cum. (%)
240 0.06 0.04 5.01 5.01
289 0.02 0.01 4.09 9.10
239 0.10 0.11 3.97 13.07
241 0.09 0.12 3.56 16.63
150 pg/g vs. 0 pg/g =48.69%
Effect of chlorpyrifos (150 pg/g) across all time groups, average dissimilarity=48.69
TRF Av.Abund (0 pg/g) Av.Abund (150 pg/g) Contrib (%) Cum. (%)
239 0.10 0.10 4.56 4.56
240 0.06 0.09 4.47 9.03
241 0.09 0.13 3.50 12.53
85 0.00 0.03 3.33 15.86
288 0.04 0.02 3.27 19.13
TRF TRF( % ). Contrib Cum.
1.5 pg/g 15 ng/g 150 pg/g .

Note: Average abundances and contributions of the most abundant TRFs (expressed as %) to the dissimilarity between CPF-treated and
untreated soil samples as well as the most contrasting time groups. Contrib stands for the contribution of one TRF to the whole community
abundance, cum. stands for the accumulated contributions.
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222 Hha ]l BBYIFRSHAE R EMER: 3
Hha | 51 TRF240 TRF239 3
3% 11.22% 12.08% 12.32%
TRF208 TRF231 TRF239 TRF240 TRF241 150 pg/g TRF240
TRF288 3 TRF239 6.01%
(10.81%) TRF240 (7.62%) TRF241 (8.71%) TRF239 3
Hha | CLUSTER
50% ( ) 5 Hha 1
150 pg/g (20) 0 Hha 1
( 2C D) ANOSIM TRF239
Hha | 0-20d

(Global R=—0.04 P=0.842)

(Global R=0.28 P=0.001) (4

R4 FRHIRE TIEMEYESZ EHE T T-RFLP (Hha 1) 832/ SIMPER 531

Table 4 SIMPER test of T-RFLP data digested by Hha I in chlorpyrifos treated soil samples to evaluate the effects of
chlorpyrifos application on bacterial community structures

1.5 pg/g vs. 0 pg/g =39.28%
Effect of chlorpyrifos(1.5 pg/g) across all time groups, average dissimilarity=39.28
TRF Av.Abund (0 pg/g) Av.Abund (1.5 pg/g) Contrib (%) Cum. (%)
240 0.06 0.01 5.89 5.89
239 0.10 0.15 5.33 11.22
241 0.09 0.13 4.50 15.71
58 0.03 0.03 3.81 19.52
219 0.01 0.01 3.01 22.52
15 pg/g vs. 0 pg/g =48.78%
Effect of chlorpyrifos(15 pg/g) across all time groups, average dissimilarity=48.78
TRF Av.Abund (0 pg/g) Av.Abund (15 pg/g) Contrib (%) Cum. (%)
240 0.06 0.04 6.67 6.67
239 0.10 0.11 5.41 12.08
58 0.03 0.05 4.68 16.76
241 0.09 0.12 4.46 21.22
286 0.02 0.01 4.33 25.55
150 pg/g vs. 0 pg/g =43.42%
Effect of chlorpyrifos (150 pg/g) across all time groups, average dissimilarity=43.42
TRF Av.Abund (0 pg/g) Av.Abund (150 pg/g) Contrib (%) Cum. (%)
239 0.10 0.10 6.31 6.31
240 0.06 0.09 6.01 12.32
241 0.09 0.13 4.65 16.97
288 0.04 0.02 4.28 21.26
85 0.00 0.03 4.13 25.39
TRF TRF( % ). Contrib Cum.
1.5 ng/g 15 pg/g 150 pg/g .

Note: Average abundances and contributions of the most abundant TRFs (expressed as %) to the dissimilarity between CPF-treated and
untreated soil samples as well as the most contrasting time groups. Contrib stands for the contribution of one TRF to the whole community
abundance, cum. stands for the accumulated contributions.
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(Actinobacterium sp.)

(Bacillus sp.) (Pseudomonas
sp.) (Geobacillus sp.)
3 ik
T-RFLP
20
Hindumathy 12!
3,5,6-
. [22]
[23]
T-RFLP
T-RFLP Hae 111
Hha 1
TRFs
Hha 1 TRFs
T-RFLP PRIMER-E
nMDS  CLUSTER
( )
30 Chen
[24]
5ug/g 20 pglg
DNA
(DGGE ) (PCA )
30d
60

30d
[25]
150 pg/g
356- -2 (TCP)
[26] TCP [4,27]
TCP
ANOSIM
Hha 1
ANOSIM nMDS
CLUSTER
TCP
SIMPER T-RFLP
TRF TRFs
Akbar DGGE

Pseudomonas sp.  Bacillus sp.

[11,16,29-30]
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