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Effects of Exogenous PAEs Addition on Tobacco Growth and Its
Accumulation Characteristics in Soil-Tobacco System
ZHANG Xin', WU Si', GAO Fei', CHEN Qiushi', ZHANG Shixiang®, JIAO Jiaguo'

(1. College of Resources and Environmental Sciences, Nanjing Agricultural University, Jiangsu

Collaborative Innovation Center for Solid Organic Waste Resource Utilization, Nanjing 210095;
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Abstract: Under the pot experiment, DBP/DEHP was added exogenously with the concentrations of 0,20,
50,100,200 mg/kg respectively to study the effect of PAEs on tobacco growth and its accumulation charac-
teristics in soil-tobacco systems. The results showed that the addition of exogenous DBP/DEHP had no
significant effect on the aboveground biomass and stem diameter of tobacco, and the plant height of tobacco
showed different trends with the concentration of exogenous DBP/DEHP. The plant height of tobacco
remained unchanged in yellow soil, decreased in yellow brown soil, and increased in red soil. The root activi-
ty of yellow soil decreased with the increase of exogenous DBP/DEHP concentration, while there was no
significant change in yellow brown soil. DBP/DEHP concentration had a significant effect on tobacco antioxi-
dant ezyme activity in some soils, but had no effect on soil denydrogenase and urease activity. With the
increase of the concentrations of PAEs, the DBP/DEHP contents in the soil increased, with the highest
increase for the DBP contents in the yellow brown soil, which reached its 3. 56 times that of CK under the
200 mg/kg DBP. The concentrations of DEHP in yellow brown soil and red soil increased significantly,
which were 27. 47 times and 27. 34 times of CK, respectively when adding 200 mg/kg DEHP. Compared with
CK, most tobacco leaves and roots were improved in DBP/DEHP with different degrees. With the increase of
the concentration of exogenous DBP/DEHP, the accumulation of DBP/DEHP in soil and tobacco leaves will
be promoted to some extent.

Keywords: soil; tobacco growth; DBP/DEHP; accumulation characteristic
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IR R o AL SR JBCH BB 5 1 7 5K DAk B4R
R OREE SR A e R AR AR K
KB E M. HBE Rl R R R A LT Y,
HF B [a) AN 75 20 18 35 R AR IR B 3 R
5 e B IR - ESE AL R AR b T . bR
BG3 A& PAEs (B8 Z HIRR TR ) o 40 HH A 398 b 58 119 K &
5% R 530 PAEs 76 B RV it AR B AR 4l T
Xof 6 T 55 M A 4 58 PAEs 8 2 45 5 32 0, K [ 75
AERR 13k PAEs (9 & &8 2. 36 ~2. 86 mg/kg, #
NG RE R PAEs [ & 48 3. 06 ~4. 02 mg/kg, +
b PAEs (98 & O # it 56 [F PAEs -3 (1934 # AR
. PAEs sk B H3Eh & SR E M T5 G, 1 B
23 00 W R 0B IR BT L 8 kA 28 R sh ) Bk L B
WA BSEAE B JLR, IR N R Bl 1 Y OE R N A WA TR
B, EEME YR (US EPA) BSR4 — I iR —
A (DMP) 4825 iR — £ Fig (DEP) (4B 2K — H1 fig
1E T Tig (DBP) 482K — H fig — 1F 3% i (DnOP) (4B %
THR (22— 23S EE(DEHP) AR iR T
fit (BBP)6 Fft PAEs 254 51 AR Se 15 44 .

PAEs ¥R 5E 0 18 M A S0 B Z B #F T
2R, BT EBWEE 7 M T PAEs Xk A4
KBRS R S . A s R L DEHP g
a2 BoOKFE LAY B G DEHP W 9 T &
T REA s KRR AR R 23 W) vh A3 7 A LR 2 3] PAESs

W36 J5 R VR B K £ B AR 5 Bl + % b in DBP/
DEHP ¥ 3 138 i, 50 52 b i 4 24 R C B
E & R % DBP/DEHP ¥ & Ay hn i F B2 . A
Yixt PAEs (19 W U FL B ARRAE, A WFoxt ) R L B
DBP/DEHP {5 447K - 1 38 5 . 46 25 1 4% 4% 35 17 DBP
M DEHP ¥ 2 M B & &l s. PAEs X+
S Wy KOkt G S M R S om, A B g R
PAEs 7 %5 i 8] 4 £ 360 38 35k 2= 9 i AR 18 76 4 A
8Nt W G 38t A% Z2 R s DBP/DEHP Xt 4 1 il 76
YRR A7 s BT, DBP/DEHP Jf X% 4 38 i
Titf 5 T Tt R 5 4 A STt A 400 0

AR I HL DBP F1 DEHP {1 01t £ Bk iR s 2505
Y WG SMIE S AN [ ¥R i DBP/DEHP % 4l 52 4= K
1) 5% ) S FCAE 0 s 0 - s v SLBURRAE , B i DBP/ DEHP
FEATR] 46— Y RGP IR BT R 22 5 B R TR +
HeJRi%t DBP/DEHP B2 (1452 1, LA A 0 i A 7= it
Fih PAEs 94 25 KU DAk S AR 40cdhs S04 .
1 #ret 57k
1.1 R

A - MR PR DM S HE A AR A R
VU ZT 3 () MR R B A AR X, SR 4R 0—20 em R 2 £
e X LB i 5 mm GRFEHT . {4
FRAGE T L2 1, AR B S A 0 977,

F1 TEBEAER

— -
K 3 A oH ML/ ER/ T/ DBP/ DEHP/
(ge kg™ (gekg (gekg™) (mgekg) (mgekg™H)
EREEEGRA)  117°20'30" E,27°18'01" N 4. 86 3. 64 0. 60 0.54 0.66
WHLCGRM)  106°52'07" E,27°53'44" N 7.22 1.19 0.77 0.55 0. 80
HEGTPE)  116°25'16" E ,27°51'26" N 5.77 0.54 0.13 0.67 0. 84

PAEs {5 s + M Hl #5. S H B 5 = F
%ok — 5 DBP/DEHP(FR I 1+ D T N Bl
F b, BB R B 10 g/ L AN A W . ¥ DEHP
1 DBP # Bl 1% 0,20,50,100,200 mg/kg 251 Hk i
BB . SR A BN e b RR N ER AR 5 & T
JG S FEAIRA) . KRR L 3 B TR B B R B IR G 1 AR
JE— PR A 3 (2 N 158 0.1 g/kg,N = P,O; *
KO0 1.0 1.5 3.0, FZEMKMZE H R FFK &
[ 600,10 K J5 ST R TR AT I3 4
1.2 ZHEH

T 50 b, 5 AE 5T T B SRR A BT R E AT .
TR R 4 RE At 60 2. RIS N
220 mm (N X180 mm () B P AL 75, B 7 2% +
5kg(UMTH), F 201843 H 19 HBE&A& KHRHF
Wi R 3 A B B A E A A R
ML, i A 4 WS HE DY) o 2 01 5E L R IE 55 K £
by H )RR K 1 6024,

1.3 MEF*

1.3.1 H&REAAE A 35 K (HED .
I HAE i rp R B ) SPAD . Ak 60 K (I K
1) Ji5 D0 R AR R L 25 R R i e i R SPAD
fH. ZJEUak, i b b R AR RO A
KoK ZEE K Ve T DB, SRAEE T AR R AN
SR R R Y SR B R M R OR AR L B L P
FRFNT AR IR A A 1 AR A R A R AT TR —
70 CykAE T O AR B T 0 BT A AL 1 4 A
SE 5 43 M AR AT R A BE . T DBP/DEHP
P E o ZNER A AR R TR 296 J0 il LR AT
WA, WA —4 COlkBhEAF JHT
- SRR P A W 5 4y A KT, T 1 DBP/
DEHP F1 4= 38 5% 55 B 22 A J8 F0AR I 45 5 1) i 4k
S22 k15,

1.3.2 MEIARAFE PAEs E: RASMHG
T I (GC— MS) X FE it PAEs #6470 52 2R H



380 KPR R

% 33 &

PEREME B 1 U I (SIMD) A58 5 A 8 40 48+ 1 A7 435 40
B T e Al R IR R R B W R R
60 C . f£4#F 1 min, L 20 C/min (R FE 220 C ., {4
51 min, F LA 5 C/min iy 3# T E 280 C,ffFF 15
min, FERFEFE 1 L 3 DR 280 C,

- M A G L AR | R S ) X SR R L
SIBT TR SR R 5 2 SR R A i SPAD i 5 R
FH TTC 0 7 MR Z 35 1 89 5 8 AR R 2 A1 84k Win
RHIZO Xf EE 347 hb 21, 3845 SR L SR PR B RTAR
FETH AR OC 2 885 T SR SIS R0 R R T A8 Ak AR AR
TN BHER S B AR P IR S
1.4 HESITH0

¥ H Excel 2016 F1 SPSS 25. 0 % {2k % 5 48 17
3t . R Duncan #3557k (P<<0. 05) #1757 22
MR £ 8 A (e=0. 05), F|JH Origin 2016 %4
VEEL 18 3R B8CHi o ~F- (8 = hn i 22
2 gR5HM
2.1 5MEF N DBP/DEHP X 48 &5 & K & 4 T8 4% 1F

%)
2.1.1 %} DBP/DEHP %48 3 3 b 36 A ¥
#Hwe 3 LT, R [F DBP/DEHP ¥ B X 4 51 bk
e PR 52 W) 2 AN (] ) A, A b v T
S TR AP R PR R R I L 1 0 R R S RS Y
e, BAKRE IR R R I B B 21
B, 3 Fh e K[ DBP/DEHP ¥ B X 4K 5 25 Kl
YIIE B35 (p<<0. 05) , £1 43 JH B ZOR] 8% AR 1% T %
e B AR, AR b ORI EEXT 3 A A A
A Py BT AN K AN ] 2R A ], M A
e 5 0 R A — 3 (GR 2)
%2 SMEZR DBP/DEHP X R [E H M E 4 .
AR E i b 3R 8 E A 500

+3 DBP/DEHPKE/ #Hw eyl Wb
AR (mgekg ) cm mm % /g
0 75.8345.04a  13.03£0.37a 198.18%5.79b
20 78.93+0.90a  13.23£0.31a 236.17£13.80a
iy 50 75.23£3.46a  14.39£0.42a 241.00£7.09a
100 80.5344.34a 13.68+0.83a 229.17£3.84a
200 81.6744.43a 13.56£0.35a 237.83%7.31a
0 100.20£5.83a  13.54£0.74a  271.83%20.93a
20 103.87£2.25a  13.27£0.34a 289.00£5.03a
Wb 50 94,9740.72ab  14.00£0.69a 290.50%7.81a
100 88.8742.17ab 14.02+0.43a 264.67£11.85a
200 77.83+2.60c  14.98+0.75a 258.33£15.70a
0 79.50£6. 64bc  10.86%0.73a 144.00%1. 32ab
20 75.5844.81c  11.59+0.74a 166.88=£2.90ab
1R: 50 96.634+9,17ab  11.4740.27a 171.13£13. 20a
100 115.58£2.57a  10.91£0.18a 162.13%3.91ab
200 99, 85%5. 41a 9.9940.57a 139.88%13.14b

TE 3R PVBUE S P B 8 b ol 1822 5 AN TRl/N'S 5 RE 3R Bl 22 S
PR 5 YK,

2.1.2 $FR & A DBP/DEHP )8 3 SPAD 44 # %
o R 3 AT AN[A] DBP/DEHP # B i A £ 0] 40
F SPAD {H 19 5% i 5 LA 8] 19 i %, 15 1 SPAD A
ST R e, B AR SPAD (2 e T
Ja MRS AR A BE LS . EORE gk
RU] B AR R 213 SPAD i 5 5 » 18 598 R 2 A A
1o B T R AN (] e B ] ) 96 0 25 AL 1 AT AR L L
AN TR] - HE SRR 5 O 5 BRI AN [R] B8 RO B AR
1 SPAD {H fie i - 213 R 2 W AR
% 3 4MEZ 0 DBP/DEHP 3t A [F + SR & F 4R HA 0
BE K H#7 SPAD {& K 5 i

1% DBP/DEHP i) SPAD

EHEHY  (mgeke ™) HHE R EAR:
0 41.6740.88a 43.33+1.78ab 45.43+2.64a
20 41.4340.94a 44.83+1.58a  41.30%1.55

PR 50 34,9041, 99b 38.9042.39be 42.63+1.51a
100 37.1740.42b 34.07+1.20c  42.6340.22a
200 37.6040.72b 36.40+1.39¢  44.2340.32a
0 44,8743.40a 46.07+1.28a  44.85+0.63a
20 10.0041.12ab47.73+1. 342 42.58+1.23a

I K- 1 50 37.5040.61b 45.80+4.27a 43.68+1.95a
100 34.93+1.03b 43.33+0.96a 43.28+1.67a
200 34.7741.51b 40.7740.62a  40.9340. 22a

2.1.3 4E %A DBP/DEHP 548 3 4 & 4k B 7% 1
AR BN LT Y R R R R S (CAT) T 1
B DBP/DEHP ¥ i iy 35 i o 35 55 503G fin (4 & 4, 1
FREHEM R 5 CAT 35 £ DBP/DEHP ¥ Jif & $LF%
fIRI R gh . AN R0 E Ak W B AL B (SOD) 1 4 78
3% DBP/DEHP i i 23 47 A [\ % B 9 48 7, o A i
AR SOD 3% PE7E %2 DBP/DEHP Jik 38 B 5 18 hin Je
FEAR , 213 0 M0 B SOD 1 M 7E 45 A~ 75 G W B Ak 3 i)
WA BEER(p<<0.05), BT HE T & 1k Y i
(POD) i 14 52 B 56 38 0 e B AIK 17 8 34, 3 b 3 A )
DBP/DEHP #¢ £ %} POD §if 1 T 8 2 5% Wi ( p<<0. 05),
X F I U (MDA) SRt , 2138 MDA 3% 1 52 384
(1 e B T A HE R BT B B B, B MDA IR P
WA EER(p<<0.05), BUOKRE, AR IR
], CAT 3 7 . SOD % £ . POD 3 1 F1 MDA Jiii ) 15
FEIE SIS CR D,

2.1.4 $NE KA DBP/DEHP sH 8 3548 & 4 K 69 %
w3 P, ANE R I DBP/DEHP X M 7T SR K
(18 5 M) S5 A [ (e A, 8 0 R AR A SR LRI A
B HORE I R AR S T R S AR | 20 e v
ARTCASA . ABAS [7] - 18 285 7Y ] L 8 B ) B AR K Oy B A
BewgE o g S5 A E AR —8 %
JEHU Sy BRI B AN RE (AR 3R 76 T B DBP/ DEHP ¥
JEE S 5 B T v S AR R B D R TR AR R
TR FE W (p<<0.05), BUKF , AR LA
[ MH AR RIG WA B EER (KD,
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% 4 SMEFRH DBP/DEHP 3 7R [E £ 158 48 4k B iE M B0 52 1

+ £ DBP/DEHP ¥ &/ CAT &/ SOD &/ POD ¥4/ MDA/
FAY (mg » kg ") (nmol * min™" * mg “'prot ')(Ue+mg ' prot ') (Ue+mg ' prot ') (nmol+ mg ' prot ')
0 89.50+4. 33a 47.99+£6.96b 47.40=£7.08b 1.2740.09a
20 120.31423. 16a 250. 26 +£83. 25a 34.51+£38.68b 1.5540. 35a
g 50 90. 9444, 68a 145.49+3. 15ab 129.50+20.91a 1.02+£0. 10a
100 118.334+23.17a 196.00+99. 85ab 32.434+10.06b 1.46+0. 32a
200 134.104+31. 88a 113.21+8. 83ab 64.20+11.99b 1.62+0. 27a
0 82.55+2. 26a 67.87416.83b 37.65+5.05a 1.05%+0. 13a
20 72.45+5, 15ab 84.65+7.39ab 24,24+0.07a 0.83%0. 10ab
TR 50 66.30+7.71ab 109. 8343.08a 39.79+11.04a 0.67+0.03b
100 56.1746.54b 83.68+7.49ab 36.22+6.12a 0.6340.05b
200 55.7844.72b 74,8544, 81ab 24.2947.22a 0.5940.03b
0 71.9645.00a 124.83+3.68a 23.67+6. 74c 0.6940.03a
20 110. 254+19. 59a 90.76417.37a 44.21+3.81ab 1.40+£0. 26a
EAR: 50 89.99+5.43a 135.63+9.13a 42.56=+2. 39ab 1.15+0. 14a
100 107.93+13.90a 147.57+16. 16a 56.45+5. 18a 1.30=£0. 15a
200 89.51+3.98a 149.61430.17a 28.82+3. 34hc 0.99+0. 29a
%5 4MERn DBP/DEHP Xt B4R 2 B 520
e DBP/DEHP ¥ J¥ / BRI AR 2 1 R SRR WA S/
(mg * kg™ ") /m /cm? /cm® (pg+g '+ h™
0 26.05+5.08a 498.16+64.05b 9.5940. 65a 1.33+0.08b
20 16.48=+0. 83ab 422.93443.78b 7.9841.53a 1.53+0.08a
g 50 14.3943.50b 425.33430. 60b 9.21%1.41a 1.62+0.01a
100 20.3541.51ab 627.07£220.13b 8.114+0.55a 1.1440. 04c
200 19.11£2.52ab 1147.414145. 18a 7.0641.17a 1.15£0.01c¢
0 28.47+4.05ab 692.24+56.12a 13.59=£0. 34a 1.2040.01a
20 30.67+2.70a 739.97+62.22a 14.3641. 38a 1.2540. 09a
A 50 27.90+£3. 65ab 650. 49+88. 21ab 12.34=+1. 80ab 1.2940. 14a
100 20.70+0.75b 471.824+27.33b 8.71+1. 26b 1.31£0.12a
200 27.60+1.43ab 626. 281545, 27ab 11.4541. 15ab 1.2140. 04a
0 10. 8842. 96a 293.13465.69a 6.4241. 16a 1.5840.09a
20 10.494+1.07a 290.81£30.61a 6.43740. 75a 1.30£0.12a
EANg: 50 10.9940. 75a 301.77+32.18a 6.6441.03a 1.43+0.13a
100 10.9440. 64a 300. 4124, 16a 6.6440.82a 1.3840.08a
200 11.4741. 45a 274.414£35.79a 5.26740. 80a 1.41+£0. 06a

2.2 5MEZ N DBP/DEHP 3t + 1% /&

I8

2.2.1 4B % DBP/DEHP st £ % 5k o9 %
w3 R g, MR TS iR [R) DBP/DEHP ¥ i X}

B A S R 1 TR AT R A Y 5 T 8
WA E % (p<<0. 05), k4 DBP/DEHP ¥k J&
(R38N AE — o AR b 2 e I 8 0 S 3 A8 Y
DL A RIS m R RN . ARIR] ek
RUTH] A 3 A% A B S A 22 B B B A
TRSCRR B i Ol B > BRI > ST R A O B
FREHE > (R 6),

2.2.2 R F A DBP/DEHP 3+ 4 B & b ¢y
Heh AR L AMNEE I DBP/DEHP X 1 3 i & 1

A R DR T 1 49 T W2 S ) (EUAS [ R SR R R] £
SR S B Dy BRI > S e 2T b SR
PO o > T AR A1 S AR R

AT CE 1L 2)
2.3 4MEF I DBP/DEHP M HEZEMEMN — HIER %
REAMNIm

2.3.1 DBP JErr— 1 2% F A4 HIES3
AT, 3 - A DBP Wk B Ak 1 #5 B %& S8R DBP ik
JEE RS I3 o, rh B AR DBP 3G I s ok B
LR BE AR 2 T oAt 2 Fb b8, 3 Fb L3RRS 4
- DBP V¢ B2 b %5 45 DBP ¥ B 19 58 fin 1 184 i B4R
- (R B LA A XY BE R TE 5. 82~10. 24 mg/kg, B
AR R DBP Ve RfAMIE DBP ¥ B2 3 i i b 2 38 (R
HERFHERNLT I (AR 2 DBP YR EE TG i E A4k, # kR
B NI 2 0[] 4 438 DBP ik 3 7 3 Sy o A 1 >
> 2T M 27 PR FORR FR 1Y DBP i B AR I R A
2 P43 B A A R it DBP & 44 . DBP ki
VR BE DY AR R~ 2i it >
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%6 7F[E DBP/DEHPRE T HIEZEHENE. Bk 2, EIEMERE DEHP & & &1k,
EHBIERHNESE i mg/kg _ler a
4  DBP/DEHP 2 = &% ab
T W A . |
Koy i LY TR R w12 A Eh
g o
0 157.8540.23a  53.28+2.22a  156.33+6.74a ¥
20 153.7740. 23ab 56,181, 76ab 150, 83£12. 38a 4u a
e 50 1311344, 61 48.88+1. 64be 156.67+3.47a E = N
100 129.73+4.77c  44.23+2.88c  156.17%1.09a ® -
200 147,1241.81b 78,8845, 62¢  122,0045, 21b H L L L b !
- . 0 20 50 100 200
0 112.8245.99a  77.96+8.88a 130, 00%2. 084
v ' ' DBP/DEHP J¥/(mg * kg)
20 112.7840.95a  70.07+0.96a 127.00+13. 11a 4
g3 50 118.07+1.30a  76.3941.30a 139.6745. 84a o " £ ®E A EiEE =2 4
100 120.1740. 422 79.48410.5% 144.17+7.25a n a
_ _ ~ e 10 | e
200 118.77410.27a 10.15+0.85a  142.33+6.58a g 5
~— [
0 45.7341.60a  8.68+0.51a  77.67+1 452 > L §:§
i [
20 45.3741.49a  9.5140.47a  76.00%4.93a & g$§ §:§
qh 50 18.0542.09  8.70+1.83a  68.50%1.04a 2 4 o
/ 3.0: 592 75.67+7. 13 = % %
100 19.9243.03a  8.6110.59a  75.67%7.13a = . ::: :::, .
200 45.9242.99a  10.15+0.85a  76.17+6. 28
i ¢ s ! 20 50 100 200
o (D ORE 3 KRS DBP/DEHPIR B/ (mg * kg™)
3 50 | o 207 == s 2 ahE == i
Ty 210F
240t 5
gl ol ] 1 A = —r RS it
P ke e ke ] o ..
i s .- R R = %%
# 20 1o B 4K EH R & K &
= = = B = B . v K
L =1k R ERY @ 5 e
= 10 kY =L B BB 2 /%’3 /%’3
® K L VR RS =
_H 0 v 1 1 v 1 % ) w ) . ).’.( |

0

20 50 100
DBP/DEHP¥ ¥/ (mg * kg™)

200

20 50 100
DBP/DEHPIR ¥/ (mg * kg™)

El 1 7R[E DBP/DEHPRE T HIERSEEME

1000 [ MEE [0 BRR X 4% E 3 7 DBP/DEHP iR E T 1% MHM fiR AR DBP K & &
SSW-i ; L & = 3 Wik

20 B 1 H O OH B 3.1 SMEFE AN DBP/DEHP W 24 K + M52
= o = - = = eI EA

L L B3 B . 4B 5T % W1, 51 DBP/DEHP i i1 % 4 £ 2%
CEUNE ol ol she sle L 30 1 AR 030 0 8 B 41 VT
H oo EE 55 = = DBP/DEHP X 2 HeAf F ik 85 07 Wi 10 i) 7 5 A

0 20 50 100 200

DBP/DEHPIK i/ (mg * kg™)
2 7[E DBP/DEHP ik E T + IR B iE 1
2.3.2 DEHP Mt — 13 24P Efdie HE
A AT, 3 F -8 DEHP ¥k B %Kk [ Fifi & S DEHP ¥
FERIG g 0, Horh B A A 21 DEHP 3 i 3
U, v DEHP & & fe i, B0 A o A5 HE i
DEHP ¥k i ¥ b & SR DEHP ¥ B &9 384 i 1 84
£13% DEHP Je ¥ )5 FEAK MR U in DEHP X 46 =
R Z& DEHP & & oW W52, A ] 4 58 28 A ] - 1
DEHP &t Sy Ik JE I 55 F 398 > 2009 > g, & vk
JIE I 2T 458 > 0 R 4 > VR 0 5 3 R S ) v R AR

5 0K 28 MO B DEHP 4 B J i . 25 45
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