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Impact of different pollution patterns of dibutyl phthalate on its degrada-
tion and bacterial community in soil
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Abstract: In order to accurately assess the environmental effects of dibutyl phthalate ( DBP) pollution, high-dose
(20 mg/kg) single pollution pattern (S treatment) and low-dose (1 mg/kg) repeated pollution pattern (R treatment) were
simulated, and the impact of different pollution patterns of DBP on its degradation and bacterial community was compared.
Results showed that the bacterial community a-diversities were less sensitive to different DBP pollution patterns. However,
the two pollution patterns significantly changed the bacterial community B-diversities. The impact of the S treatment on the
bacterial community structure of red soil was greater than that of the R treatment, and the impact of the R treatment on the
bacterial community structure of yellow-brown soil was greater than that of the S treatment. The two pollution patterns caused
significant disturbance to some bacterial communities with important functions such as nitrogen transformation, organic mat-

ter decomposition, pathogen antagonism and plant growth promotion in red soil and yellow-brown soil. In addition, the two

pollution patterns significantly improved the ability of red

s B HA . 2022-01-21 soil and yellow-brown soil to degrade the subsequent DBP
EE&WMB JTAALNE B FZAHR4TTH [ CX(20)3052] pollution. Compared with the S treatment, the degradation
YEE RN B4 (1987-) , & YL B 10 RIBFSE 5F, EEM half-lives of DBP in red soil and yellow-brown soil under
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BIAEE R EFH, (E-mail ) yuxy@ jaas.ac.cn respectively, indicating that the R treatment had a stronger
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promoting effect on the degradation of DBP in soil.
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X ST AR ST RS A ) G E D

R, AT HE$E 2 Tl BRAb A o A A 9 1
[ 25 SR 3 S At 1 18 BLADL 550 i DBP B
UG YR DBP REUG YL )7 =X, % LA ST AN ]

dibutyl phthalate; repeated pollution; microbial community structure; red soil; yellow-brown soil

159475500 DBP B RE 1 #9520 B AN TR] 75 9 7 XCHY
DBP X +- SR E IR AR RSO, LU A i
P32 DBP {558 SRRSO S ikt .

IR ik

1.1 it

Ay 2 A A3 530 h2k B VLI5S e s T A
0 ~20 cm JZ= B AZEHE (MU A7 B . 32°01'58"N, 118°
52'15"E) AP A ¥R X R T TR A0~ 20 em
JELTHE (b P A7 E . 23°08'05"N, 109°01'07"E ) , it
IR ARE LU0 pH {5308 7. 24 4. 38, A Lk
TR 7. 44 o/kg 6. 44 o/ kg, TR 410 R
27% ,65% , WA= W H Bk % 43 1A 165 mg/kg 43
mg/kg, PR 2 i A EBR FLA T AL PE T | AR W) 2
PR 22 AR AN, % DBP B fE 1 il 22 Sl Kk,
DBP 7E A 8 A 498 | 21 38 v i R A 2 o 1 40 il Oy
0.65 d.2.53 d, B T AR [B] 5250 2 J5 7 B 25 BRiE
PR REZY , 1 2 mm NG5 CE T 4 C
PWIER A, R PRIE - S0 W 1 T 1, 2R G T
AR, B S KB T R 50% M Al R ER K
T 25 C AN TAMRFAP TR 7 d,
1.2 RIgAbIE

R A G Fi 3 45 2 1) v [ 4 B 3% b DBP 5
e py e B 0 I B 1% 5 ) 2 (20 mg/kg) DBP
ARG YL AL P (S AR BE) ARG A (BEIK 1 mg/kg)
DBP S5 Ye b B (B FI5 4% 1 IR, iE L5 YL 20
U, R ALFE) X IR (CK, JC DBP y53%) , & 3 1K,
BN I3 il 4 DBP & i 2h 0 mg/kg 100
mg/kg.2 000 mg/kg 115 Y £ 4. 75 i KA b, K
DBP (Z3#ral, &0 99. 9%, FiERIH T A4 B
FRE03 A BN W) ) 1 P R 5 42 T34 35 A Bl —
A IR G AT, RE R 58 2 kS WS
T HOR IR RS 60 B, I IR, He T L
12 99 My Ye bk L AR 5% H 3 TR B 7R
I~ 19 &, 4k 22 ) B FE B h In A 1% (it &
Ho) 5 b: 4 SR A 55 RS /K i % H A
B KFFKEI 50% , HiESEE 1, T 25 CA TR
fAF RS SR, B 3 d BR 1 IR E IR SR
KAy FE2 PG Y 2T, & DBP V5 W m 4
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Table 1 Addition amount of dibutyl phthalate ( DBP) and total

pollutant content under different pollution patterns

p 7~ BFT7d M 15 G
$1dDBP 2 7~133dE7d A DBPi5H:

Lb ot N1 Yk DBP LY/ars
(mg/kg) BN (mg/kg) (mg/kg)
TR TS YL (S) 20 0 20
fIFA R BRE Y (R) 1 1 20
XJHE(CK) 0 0 0

1.3 HmHRERNE

MNER 20 JEIRE , B A RAE I AN [FIAR 34 ¥ DBP
T, YARALFRF) DBP & KT 1 mg/kg i}
CIR26 23 JAAR) RS FeAr i) 35 T
I R ZZREER DBP FEfFRE T AGIIE

TR TR R Tx 2 FE I E . ] HiPure Soil
DNA Kits( Magen, China ) #2535 71 () & DNA, #ff
ATHES DNA 4B Wk B2 Fn e B vE e, DL -8
DNA f #5 Az, FH 48 & 38 FH 51 4 338F (5'-ACTC-
CTACGGGAGGCAGCAG-3") . 806R (5'-GGACTACH-
VGGGTWTCTAAT-3") XF4H A 1) 16S rRNA #1T PCR
P44, A AxyPrep DNA #E i IS ) &5 ( Axygen,
USA) . Quantus %¢ Yt € i R 4% ( Promega, USA ) X
PCR ¥ 3 7= ) b 47 2 Ak oD SCORTAS 0 52 & FH Tlu-
mina /A 7] i) Miseq PE300 ~F & #EA 705, I 77 50405
SIMT T B AW R AR A R AR =6
(https ;//cloud.majorbio.com/ ) ,

135 DBP FEARRE S I B4y S AP R
ALBRAT CK (Y - 38RE S BT KB AL B, 4331/ 200 ¢
S AbF R AbFE CK .S K AL R KEALFEA CK K

PAIAL R -3 i, e LA 2 ¢ 2 000 mg/kg DBP
VYRR A R S S Z2 N AR DBP E Sl 20
mg/kg, FOMREYISIG AT L3 E K A 2 H A
KEK T 50% &S 05T 25 CEREE TR
FEREER . FERSSRMIEE 0,12 h 24 h 36 h 48 h,
72 h oRAE R HERES M PSR Y DBP &=, +
SRR ) DBP BOEE RN E S 18 Cheng 257 (75
25, PISCR 1182.5% ~ 106. 1% , il f T B A BT AR B3R
HH OriginPro 2015 #HU-& -3 h 5% B DBP 19378
M. C, =Coe™ , 21, C,(mg/kg) Hy ¢ (h) B T4y
DBP 5k &, C\(mg/kg) A HIEPPILAH) DBP &5tk
(d7") MREAR R H L, e WEUFH L, DBP FEfigf
TR AR 1, =In2/k #ATHHE,

2 R 550

2.1 A [E DBP LA TIEAREE o« SHKE
B 82 M

XPANA] DBP 15 44 7 =0T 0 - SR A A BV A T o
ST, 32 VLA I AR AR RS
ZAEMFEEL(Shannon 55X Simpson $5%%) 35 FEHR 4K
(Ace T8 %4, Chao $5 %) 135 5] B 45 %4 (Heip 45 %L,
Smith-Wilson $5%0) 76 6] DBP 154 77 2T 5 % It ]
Y 25 R DBP ks Yesb Bl I &
DBP SRS YA F IR BRI A Wi T 22 REPE R S
BN, FEANA DBP 159 20 LR AR RV 20
PEFEEL B B A S X AR T i 2 25 5 e = 711
i DBP BRI YN A TS 10 = 5 B e At
MR R (P<0.05) . HICAT UL, 530 i DBP FRIRTS
YL b PR LT AN TR T 1) =F 5 B AT S 2 R PR
7 DBP RENG Y P LIEAN E EE F e 1)
ERITERER W, S LA, R 2R AR
DBP {75 44 5 XA i b AN BIURR

2 AREAPE_HE_TE(DBP)SHE AR T LIEAREEMN o SHMHE

Table 2 Alpha diversity index of soil bacterial communities under different pollution patterns

) SRS FEERE Y5 R4
+HE R iy
Shannon 5§ %% Simpson $5%X Ace TREL Chao 8% Heip $8%X Smith-Wilson $§%%

HRRE CK 5.69a 0.02a 2382.01a 2 379.68a 0.16a 0.41a
S 5.6la 0.02a 2338.18a 2322.21a 0.15a 0.40a

R 5.69 0.02a 2 409.73a 2 394.43a 0.16a 0.40a

R4 CK 3.42a 0.08a 612.09a 608.83a 0.06a 0.50a

S 3.43a 0.06a 450.05b 452.70b 0.08a 0.50a

R 3.53a 0.07a 602.52a 604.92a 0.07a 0.50a

CK: %I ;S @ ik DBP BR{5 4 R AR GE DBP RBUG Y 7] — SRR TI AR R b B b A [N BB RoR B 3528 5% (P<0. 05) .
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2.2 A[FEDBP TRAXNN TIEMEFEE L SHME
SEA

TEJE 2K X ARTE DBP i3 3 Jr 2 Ak 41
() AN REVE B ZFEMEIEAT EARBR T (PCoA)
hE 1 A LLE W, 218 PC1 PC2 I BTRR RS 51N
80.59% 7. 71% , —55 1) 2R ST HR 3y 88.30% ; BL
PEIE T PC1, PC2 19 5T Mk 2 4 il A 44.44%

010 214
(R=0.76, P=0.01)
0.05

PC2(7.71%)

-0.05

-0.10

| | | | |
001 0 01 02 03
PC1(80.59%)

17.31% , — W) BFTTERR N 61.75%, Ha] W,
PC1 . PC2 iX 2 N FE 50 7T LU RBEL1 8 | AR I 4 TR
MR FEZE R, AR B T,
TIE RS TE PCL PC2 2H Y — 4P i b ] L)
W43 TF , R AR [F] DBP ¥5 4% 5 sUF £ 48 | ¥ i 4
iilesp i 2 SRS AN

010p
(R=0.59, P=0.01)

0.05r

PC2(17.31%)
o
T

-0.05

~ I I I I I )
0'1-(()).15 -0.10 -0.05 0 0.05 0.10 0.15
PC1(44.44%)

o CK; aR; ¢5;

CK . XFH8 ;S M35 DBP PAYKIS YLAb 2, R AR & DBP ZA5 YL ab B
B1 AEPE_FRER_THE(DBP)THEAN T HIEMEERE KT ELIRSHT (PCoA)

Fig.1 PCoA analysis of soil bacteria at genus level under different pollution patterns

W T BRI AN TE DBP 1544 ) AT 4
SEANTR VA )0 22 5 M 7R R 43 28K R
] DBP 75 475 2 A B 21 1) + 398 20 T B v 45 F it A7
ZH [AJAH AL PE 43 BT ( Analysis of similarities, Anosim) ,
SEIRFRT, WA 2T R AR VR 5 R 4 ) 22 57
(R {H)}0.49~1.00(3K 3) ., R {HBHEIT 1. 00 &R
2R, SXIEAE L, AN[F] DBP 75 42 7 =00
BORRHE L1 A0 TR 78 25 A0 35 7 A TR B Y
R, Horp SRR DBP REUE YL Ab FE 4]
X BLH Z (A1 R {H (0. 74) &5 T & DBP Bk
V5 YL b PRZH 50 REZH 2 [B] ) R {EL(0. 56) , & BA{IRF
it DBP S5 Yl b 0T B A% 498 240 A i 4 4 2 A
A2 IR T8 770 4 DBP AR TS Ye b Bl 213 rp iy
& DBP HLyR V5 YL ab PRAH 5 %) B4 Z [0/ R {8
(1.00) KFAEFI DBP RF5 Ye kb # 2] 55 %} FE 21
ZIAH R 1H(0.49) , F2 W] & 74 DBP BRLIRT5 Y itb
P 2T $E 20 TR R U 45 R 4L R Y R e R T A )
DBP ZRT5YL b3, 2138 b = f) & DBP LR TG 4L
AEFRL 53 IR 2Z 8] ) R B 5 3 K 8 A5 v (9 AH
N RAH, F B 7 & DBP LYK 75 YA B X 21 540 T
TRV S AL 2 A5 R R T b

P 4 6] 1) 22 5 S PERG I ik R

A FRIAI VA A F ST 35 22 5 (P<0. 05) FYAL
PR, I 2 FTLUE Y, SR IRAH LG, B R b 2
F DBP {594 )7 234 B 1 R AR 1k B3 v SR 2 i s L A
IR 8 AN ST 8 | Parasegetibacter J&F1 Nordella
i A0 TR AT AR R BB R AR T A
J& lamia J&F Conexibacter & 2 V& 0 AE X 32 5
555 AR R i DBP R R 5 Y Ab BEAR Hb, I
DBP TG YA BRI B ey 1 2SI TR U
J&  HIRLFF & lamia J& T Conexibacter J& 2 7 #f
TERRNS R, XS AR & DBP RS Yesb 1
FALL, R DBP HUCTs Jekk BT FEAR T 260
QT SR 8 40 B A AR X 2

*3 AEBE_HB_TE (DBP)SHEAX T HIEMHEELEN
K4 iE = =
Table 3  Differences of soil bacterial community structure under

different pollution patterns

i 4L (R fiD)

TR pbmpg R gbEEN SAMES CK W R AR CK
W 0.52 0.56 0.74

Fa: 3 1.00 1.00 0.49

CK: XIS, i 7f & DBP PAYRI5 YL AL B ; R IG5 & DBP RS Yeab
B, RAEAIFISE A -1~ 1, B3 1 R 2 a) 25 F Mok,
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CK: XJHR ;S 57 itk DBP S5 JeAb B R IR i DBP BG40, + FRIR 5 CK [H 2253 .35 (0.01<P<0.05) ; ** /R 5 CK [A] 22 574

23 (0.001<P<0.010) ; ==+ Frn5 CK A2 % B3 (P<0.001) ,

B2 #EPARELLE_FER_TE(DBP) SHARTHIEREENEBAERE

Fig.2 Dominant bacterial genera with significant differences among groups under different DBP pollution patterns in yellow brown soil

H & 3 AT LA ), 5% IR G AR 5 DBP 2R AR
VYA FRR] 4R S T 4T 80 AR T Amycola-
topsts EQE%EQ*HXHLE'EE,%??UE DBP LYK {5 e ib B
B4R i 1 208 P 0 A AR o A 2 P T R
TR AFDOE = B2 B S BTG V9 T T S | S A il 2k
W& . Ramlibacter . Conexibacter . Marmoricola Actinospi-
ca 1 Kutzneria JEANE FIFHXTFBE . 7E{KF & DBP 2
FRTG YA B £ rP P T 1 i | A R R
Ramlibacter . Amycolatopsis . Marmoricola , Actinospica #l
Kutzneria J&AHTE AEXT = B2 B i 5 T 7 i DBP B
WIS G Ab P A8 A AR T | A 2 T P T s 4 1 1Y
FRRS 2B B AR T =50 i DBP BRRT5 YeAb B,

2.3 7[E DBP 5 A ARG L5+ DBP % E1E5

FHARTR] DBP 7549 )5 20ALHE 161 d )5, @57 i
U5 YA BT ROZLE bR DBP 5k B o3
0. 36 mg/kg 0. 42 mg/kg , fIKF & RAT5 YL AT 1Y
213 AR DBP R B0 0N 0.21 mg/kg.,
0.33 mg/kg, VEWITEAN[R] DBP 75 44 Jy =LAk B i 7%
H ARG (IR 1 mg/kg) RS e )y A F] T
DBP HFES#

2.4 A [E DBP /5377 N A2 509 L %% DBP
HRE
WA 4 Jos | BEAE B SR N R R IE G KT g

(1) DBP 75 AW A RATR, T 78 A K T - 48 rh 34 KR
REAR, R I b A W 7E DBP R i it 3 2 AE
M. B 4 80T UE I AN TG G 7 28 B T
JE gkt A+ 3Erf DBP (REAE ., SXTIRAE L, K9 72
h 5, 20 HE {5 5 & DBP RIS YL b B s R
DBP 5Lk 75 Y4 4b B Y DBP 5% B & 4 Bl b T
72.65% ,34. 00% , B AEE PR i DBP RS Yukb
SR E DBP LUK S Ye Ak B DBP Bk B & 43 ]
T 41.22% 36. 08% , TELLYE 2 Fhig geJr =X
(8] 31 DBP (5% B B AE B 9212~ 72 h YA
KIS MAEEAF I AU AEE 3R 12 h i 2 Fpis g
Jy [+ 4 DBP SR Bz M 22 R, K4
ATLAE 1, 5T AR E, IG5 DBP B A5 e b B |
77 DBP YRI5 Yekb B4 i A T DBP AYRE
fife e ], B T T S 4R DBP V5 Yk Y B fiE
J1, TERREEE S B DBP Bk YL 4b 3 DBP
)RR F o 09 H X B AL /D T 46. 15%, AR 7 2=
DBP R 5 YL kb B DBP [ A 5 3 H o B i 2>
T 61.54% , fE£L4E & DBP BRIk Ye b 3
(1) DBP A2 30 Lo O T 41, 1%, 65 &=
DBP Z Y5 YL kb F ) DBP [ 5 1] Ho o Be s b
T 86.56% . S DBP HLYR IS UL R FEAH A
FiE DBP BEBUG YA BLA LT HE B kR e IR kit A
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L DBP B i 2 3 i JE T 77, 18%
28.57% , R 1 A5 G A PR £ i+ X
Kutzneria

Actinospica

Marmoricola

Amycolatopsis

Conexibacter

Ramlibacter

Actinomadura (¥ P THER)

DBP YRR RE 1 - BAG s A1EF

Bradyrhizobium (14 AR 1) =
Sphingomonas (8N 4. a5 %) % =
Janibacter (PTHIH &) | ok e
R 1
SRR EIE (%)

BR, OS; OCK

CK X ;S w7 B DBP SAI5 5% R ARSI B DBP 25, « RS CK [0 2253 B3 (0.01<P<0.05) ; ** KX 5 CK 0] 2 7 @ %

Eipl)

(0.001<P<0.010) ; #=*x F/R15 CK [A] 22 554 B # (P<0.001) ,

B3 dEPAESE_FB_TE(DBP)SEAXTHIEREZNRABHER

Fig.3 Dominant bacterial genera with significant differences among groups under different DBP pollution patterns in red soil
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S N
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o

12 24 3 48 72
IR 1] (h)
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0 12 24 36 48 72
FiFR ] (h)

OCK; BR; B S; <+ CK-KIH; #R-KH; oS- K
CK X1 ;S . sl & DBP BARI5 4 R A5 & DBP BEEU5 YL,
B4 AEFTLEARLGEBESFE_FEBR_TEE(DBP) £ LIEPHIBEMEINE

Fig.4 Degradation dynamics of DBP in soils under different pollution treatments

R4 FRABEAXLGEFBEZRE " THE (DBP) 7 2 f L
Table 4 Degradation half-lives of DBP in two soils under different

pollution treatments

o DBP Ffigf i (d)
+ e
CK R S
B 0.65+0.04 0.25+0.04 0.35+0.04
FaR: ! 2.53+0.24 0.3420.06 1.49+0.12

CK: X% I8 ;S m i DBP Bk 5 YeAb 315 R . IG5 5 DBP R A5 Y b
i

3 0

St REAE L, K50 5 DBP B FH 5 Yl 4 BE 4T
B AR SRR Y S RO
FEFRBETCHA g, X v] B 5K & DBP #E A+
HeJE RS e e, -l - SR S g B R
A2 R DBP MUK T Y Ab B S AR T
CLSE A G RE I 00 5 5 E 8 AR, B0 B A g v 41 TR
FETE ZREPETR B & T B 5] 1R B T
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FHom AR B DBP RS YL kb B X 41 35
2 TRV 45 R 2 LR S e R T R AR, TSR
B, AL SRR, X DBP A 0 1 FH s
MIHESE T DBP [ A YA s FAE S a7
TEAWIFE N, LI A LTS S R T 20
ZL5%rh DBP (WA R AR 253 M T vy X P R
S SRR DBP SR G Yk LU HEA T RIS
JETRH A TR 235 ) A R e 5 R ) — > i it
W, o e A2 FhE R8T, -
HUES RGBT R LU o ik |
Shannon Z M8 B BAK F o bE 4, R 213
T W e BE /D 22 RE M SEAIR, X DBP 75 44 ik
AR RE ) B 2% | 3X AT BB i ) f2 DBP PRI TS G Xt
CLYEP IR Z2 R | A0 TR Vi 45 1 2H I i AR
) 3 — A EE G

1 AN T R DT T, S0 BRAR EE, 2 RS Ak
P E PR T BRI R G AL MR TR R 2D e R
R TR 20 T AR 2, i AR R A 22 5
+ RN ALAE 0 SR A A T - e A AR
B A TR A A A R [ R Y DG BE RR, 7E AR R ER
kR EEAE A, AT L FEAR ST Y 2 Bl
15907 T, DBP Y% LI AR IIBE ™ A= 14
gy, X 5 Wang 57 MBS R — B, M4, e
Mt DBP BG4 07 0T, th T & i DBP R £
seor A, B P 2 R IR R R 40 Y
AXTFE B DA M LT3R Ramlibacter . Marmoricola | Ac-
tinospica . Kutzneria 5 TR J& 4 TR 14 AH X = B 4 A 2]
B RRAC, fEolE, iR LSRR 7E A 1L o)
fift A BT D B R S A A A A T LA A
P KRR DBP RS T, ki
Feiti R IR R R JE | LA R R | Conei-
bacter %5 T J& 40 18 LA M Z1 3 Amycolatopsis J& 4 B
(AR =F BE B At 40 W b 2 e, iX JLR R B 5 g
AR 53 Al RSB IR T S T RE AR OC 2202
WAl L FEAWEFEY 2 A5 47 AR, DBP X 4%
T BA AR ALY 55U I R R e
A S E I RER AN T RV 7 A T B R g (H
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