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Difference of Root Anatomy Characteristics and Its Effect on DEHP

Accumulation in Two Genotypes of Brassica parachinensis

ZENG Qiao-yun'’, MO Ce-hui’, WEN Rong-lian'"*, CAI Quan-ying'"’

(1. College of Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2. Department of
Environmental Engineering, Jinan University, Guangzhou 510632, China; 3. Key Laboratory of Ecological Agriculture of Ministry of
Agriculture, Guangzhou 510642, China)

Abstract; Two genotypes of Brassica parachinensis, DEHP high-accumulation of Youqing-60 and low-accumulation of Teqing-60, were
grown in hydroponic systems contaminated with DEHP (20 and 50 mg-L~'). Anatomy of roots was measured, and their effects on
uptake of DEHP in roots and shoots were discussed. The results showed that roots anatomy of two genotypes of Brassica parachinensis
and their responds to DEHP pollution were significantly different. DEHP contents in roots and shoots of Youqing-60 were mainly
affected by the thickness of cambium in taproot and the diameter of vascular bundle, the coefficients on DEHP of roots and shoots were
0.900 and 0. 809, respectively. DEHP contents of Teqing-60 were mainly affected by the thickness of cambium in taproot and cortex in
fibre root in roots, which the coefficient was 0. 757, and were mainly affected by the thickness of cambium in taproot in shoots, which
the coefficient was 0. 856. The wood ray cells in roots of Youqing-60 were rectangular shape and arranged orderly. The thickness of
cork layer in taproot and cortex in fibre root of Youqing-60 were lower and the quantity of trachea and diameter of vascular bundle and
trachea in fibre root of Yonqing-60 were higher than that of Teqing-60, which indicated that DEHP in soil solution and adsorbed on root
were easier penetrated into xylem and transported in Youqing-60 than in Teqing-60.

Key words: Brassica parachinensis; root absorption; root anatomy; DEHP pollution; bioaccumulation
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P A DTS e . TR — e 4 IX 4R ) 4 3 f PAES
SHIAE  lmg kg, R+ lmg-kg ™', M T E
[ e AR o O gl B P PAEs J5 T &
BSOS E T
BT R AR A R B A R A AR
RN B R e fhae 4t 0 R g
i PAEs (1% i 2R B (6] 77 75 25 5, 7 BLA7 75
P2z 52 (E O T gl RARPLH 9 BF S 0 R
A ST A R IIOR 2 H  60 d S0 MR
60 d 30043 9 PAESs /465 % i B2 AR D 80 50
MEERE 7 MR AR W MR T (2-2 3 C 3 )
(DEHP) R [ 15 3 7k 5 9 18 W 1 328 36, %o L F 52
DEHP R[] 75 e /K - F 2 il 3k PR 250 3600 R 22 i 151 4%
M 25 S0, 00 45 R T AR 2 A 0 45 #9 5 DEHP 1k
ZRMER.

1 #R57*®

1.1 50 R RS 552 7 1k

KV RS 3% 07 ik, Ll 75 60 d 3E.0 (DEHP
e I S 2R R PR A R0 ) FRE 60 d S0 (DEHP
AR Wi 2R B PR AL S0 ) S I ) (R0 )
RALRN B FBE) . 57 h DEHP [ 1% ¥k B BE
BL2% & DEHP [ 52 B T5 Yo ig Ol AR IR S0 19 1IE % A4
K, B IE FAREE 25 5 AE 28 B R 5T S A
b B SR DEHP (43 #ral, RiEidn =) ) k& 2
A5 YLK (20 mg-L~" 50 mg-L~") It 8 b
(KU m DEHP) , #5403 4 A~ &2 BEVLHES. 5 57
T B FE A 20 i L SC Rk [ 24 ]

R L F - R TREAS I
mol-L~" HCI kb Hlid (9 £ BERD 75 1 AR P, £ O 451
THEATRZE. K3 dJE FH 50% e IS IR SR
| B G Bk B 50% 5 %E 100% . 3E.0 K
3 R AR B ACH 4 DEHP 35 e vk B Y 100%
B, A 4 RAIET. 208 R AR
6.0 L, 8 5 W B K 0140 8 < LA PR TIE A Bk L 45
. A KF0.01 mol-L~" HCl 5 0. 01 mol-L "' NaOH
PAT A AL PR TR Y pH (B, fE R FFAE 6.2 ~ 6.5
Z I8 KEE 50 d J5 AR AE W, el L 5 1 43 o0l i
RN FAR REATARE , SE S SRR IR B K
EEE-lR
1.2 AR S ) R A 7 ik

R ZR A ) O 9 R A I ok PR R = R
SRIGAED G2 WU N I 852, BAK 7 ik 2 %5 3¢

Bk[25].
1.3 HEMBALEES GC/MS & 41

TP R i T4k 3R R IRl 42 7 %, &% US
EPA 3540 J7 ik, HAKD B UL SCHR [ 20 ] DEHP £ ]
JE R GC/MS 4y 87, 2% US EPA 8270C J7 1.
€ 84341 DEHP (N FRIE &9 (FE-d,, (EE-d,,) FIAR
FH it b HEW BT (A e -d s ) ¥ 2k 6835 S AR HEY) , W B 26
ULTRA Scientific, Inc., North Kingstown; RI. 3%
FHARFE 0.0, 2.5,.5.0, 7.5, 10.0 pg-mL 'K T
YEN e, bR v e 1. R i-dg 1Y [l R ol 82.69%
~90.25% ,DEHP (R # B~ 0.491 pe-L ™", 25
I b AR A H ARG
1.4 Fdisab 3

XF U4 >R 22 1 LU ( Duncan ) (AH 56 43 #7 AL
A B 3 B, BT R E S SAS 8. 1.

2 HBRESH

2.1 DEHP R[5 KT 2 Ff 2 K RS0 &R
T H AR

Bifi %5 35 77 W DEHP J5 32 4k B A9 3 i, i 75 60
d O MR T H A AR FREE A3, Hd 20 mg- L™
ARFRR MR T E G O R AE AR 60 d S0 AE 20
mg-L ™A HE R AR R T E WA W0, 1M 50 mg- L7 AL
FERMR R T H W R R, T A AL B IH) 22 5 3 A B 3
(1), Ui B A S5 rp 5% 3% W b DEHP 3% B2 Oy 20
mg- L7, XF 2 Al R RSO AR RAERK A —2 /)
PEFEAE R, Hoh Xf il 7 60 d 3.0 (5 % B H &
7.89% ) (42 HEAE HI R T8 5 60 d 3.0 (5 %5 BHRAH
Few 2. 13% ) 5 24 1% 55 W b DEHP ¥ & % 50 mg- L~
BF, XTIl 60 d S0 AR B AR K Y 4 BE VR FH 0SS, i
XTRETT 60 d S0 A FR A AR 4 A 2 a0 il A H
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Table 1 ~ Dry weight of two genotypes of

. . . -1
Brassica parachinensis/ g« pot

3L i Xf 1R 20 mg-L~! 50 mg-L~!
W 60 d 1.52+0.09 a 1.65+0.16 a 1.60 +0. 16 a
60 d 1.41 £0.17a 1.44+0.08 a 1.30 £0.11 a

1) RAP R = bR ERR (n=4) 5 & M 7 BEH Rom 2R A
W% (p=0.05), N

2.2 DEHP A[A{5 QKT 2 Fh 2k N B S0 TR
fige ¥ 2254 A AT

ARG e KPR 2 b 2 A R S0 T AR A 151 45 4
SRR 2. T KB VA AR R R )2 A A
SRR RH I AR S T I, 1900 R I L 0 B 440 i
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Table 2 Difference of root anatomy in taproot of two genotypes of Brassica parachinensis

L it 4k 3 AR/ pm FEH/A T HAR/ um TR SN R/ pm
X} 35.36 £1.18 b 39+2c¢ 23.75£2.12 b 216.60 +4.76 ¢

75 60 d 20 mg-L ™' 37.41 £1.25 ab 46 £1 ¢ 18.81 £1.34 b 207.72 +4.07 e
50 mg-L~! 24.74£2.20 ¢ 43£2 ¢ 29.83£2.20 a 259.30 £2.66 d
X B 38.61 £1.98 ab 57+3b 21.58 £1.35 b 430.83 +8.89 a

145 60 d 20 mg-L " 40.96 £1.62 a 58+2 b 22.47 £1.06 b 393.55+4.03 b
50 mg-L~! 27.06 +1.59 ¢ 71 x4 a 23.901.97 b 305.51 +7.55 ¢

1) AMERERE 8 AR x 10 Tl I8 2 S0 E R RE7E x4 il 4

WEA W N A, B E W . KRR R
S i I oty NS S SN N Y = o NI e S NP
AN —ME 3 ~4 5], GFERAR BT . 3 7F 60 d S0
ARSI AR LA J5 I o 3, TR 7 60 d 3.0 K
e N ST R

KA 2 HA & AN S KM A PUE B L
FVAE R, Xt 4 AR G 9 7 . 78 DEHP 4595
PeACE Tl 60 d 2.0 MR AR 2 5 B AR T 4%
T 60 d 0 (H2EF ARG E. (£ 20 mg-L KL HF 2
ol 32 PR AU S50 2 AR R A J2 5 B YA A 88 L {EL7E 50
mg- L~ b BT ) 34 5 2 G T RE R AR RS KR
TR AR 2 R BT A R B IR AR B DLk R B E
MR TG g ok PR AZEEE -~ W, W6 T AR
ERE.

SR OB B K A R S R 1 R
I 7E DEHP 495 Je K T b3 60 d 320 &
RS E R B EMM TR 60 d .0, HRE HETE
50 mg- L AR R B R T AR 60 d 3. K
DEHP 5 Y ik & i 386 T, 2 3 PR AU S0 19 548 250D
SEHAY R IE S, K 7E 50 mg- L AR FER

{75 60 d 3.0 FARTAY BAC R E I, R 60 d
S 330 JU) T2 R A S0 =

AR BZ S AL 5 AR SR | B R BE 240 i A
W B HR, 265 W iz R o A HE 2
B2 8 DEHP 4535 e K7 T il 7 60 d 2.0 47
T RZ A1 R E 2 8 25 R T4 60 d Kb BEE
DEHP §75 4y BE 910, i 7 60 d 2.0 FHRIE iz
S & B 2 B, A 60 d =0 EARIE UZ S

] JE 32 ) S =5 AT
2.3 DEHP A[E]{5 gLk F T 2 Ffr B P B 3500 AR
fiff 741 45 A8 R AR

2 AN SR i Bl 04 Z50AR &5 K4 AR AR ARL, 0 A A 1
W FEE R EMYEE R~ WA R R

AU, 55300 H ) R AH ) HE 0 AR W) — 8 F L, Jo RS, K
ZHBEA A B 5 2, BN BN BR T 50
mg- L7 Ab TR M 60 d 360K B S AL
F J2 TR A0 N A0 B = 1) A A ) BT AL,
TR AL B R R HURE , RN B R A T R
DEHP R[] 75 4 /K -1 2 B R 7R 35800 200 A A ) 245
¥ S L3 3.
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Table 3 Difference of root anatomy in fibre root of two genotypes of Brassica parachinensis

Sl ity ol 15 QR B )R/ pm A LA pm SEBA AR/ um
X B 65.31£1.65 e 55.84 £0.71 ¢ 3~4 29.74 £1.18 b
75 60 d 20 mg-L " 112.41 £2.49 a 91.54 £4.13 a 4~6 28.09 +1.69 b
50 mg-L~! 73.37 £2.24 d 94.51+2.55 a 8~9 47.98+2.37 a
X} Hi 100. 18 +2.09 b 78.51£2.16 b 5~6 23.62+1.67 b
Hi ¥ 60 d 20 mg-L ™! 107.59 +1.81 a 79.40 £1.71 b 3~4 27.491.93 b
50 mg-L "' 94.11 +1.46 ¢ 83.43+1.93 b 5~6 27.86+1.32 b

Bz ST 3 B A A FE =2 (8], h 22 )2 T RE 41
~  STEAIAR S AR Y R L B R R
FREGTIAE T 60 d 320 AR K )2 R 7 X R
ARFRFN 50 mg- L~ b FER 34 5K T 4R 60 d 3
L. 76 DEHP J5 4L T35 60 d 320 4k Jz )2 5 B

ERN, JEHIEAE 20 mge L7 Ab BT B0 B K.
60 d 30 A AR Bz J2 V3 7 AR 5 e K R W3
T 76 125 75 YL K O R 5 3 AT

FPRELL R 2 4 TR, A 35 R ORE S 0 A K AR LA
HE ) B2 R B 2E 4R 45 4 40 P A o R A B
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1M & A FE DEHP J5 4 4b 3R Il 7 60 d .0 i dE
FRERTHRH 60 d K.l

7E%F BB AL FE AN 20 mg- L Ab R 2 b3 PR R 32
O JBURR S48 O AR R R A Y, {H7E 50 mg- L™ 4b
PR 60 d SO T E M 28 HIEY B
o, H 5 R TR 60 d 3.
2.4 RAEMEGESEE R0 R MZEh
DEHP & & /) ¢ &

PG HTEE REW (R 4) , ERAKRERES
2 P REP AU SR AR R A ZE i rh DEHP & 5 1 2
FAOOH G, M AR T E BN T8 AR L &R

AL AR AT BAR R 2 AR A B S0 MR R
Zkitrh DEHP & & 3 5 W35 IR AH G . EMRIE W
JZ S B JRE B R Z5TAR B 2 )5 559 7 60 d S AR &R
st DEHP & 4 2 1 3 EAH G, 5455 60
d AR R M 2L DEHP & £ 52 3% R G 1.
WAL S SR F ZZ 0 b DEHP & & Z [ /Y
XA G R B e T 2 bk DB S0 AR &R L ZE
i DEHP S8 S5 M AL MSH MM LR, BR
Wy 2 Fi LAY S0 7 DEHP 35 38 B30 T AR &R 25
W ZHOR A ARACR W B E BL. X LS 2 ~4 ATRLR
o, ERORRZ R JE BUZ S R R AR KR
JERE M, DL EAR G BT B AR FAUR A
FAR S EAREOR, BUBCA A TS0 4 DEHP /Y
i 2.
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Table 4  Correlation between root anatomy and DEHP contents in root and shoot of two genotypes of Brassica parachinensis

i 60 d 30

T 60 d 3

B s H % DEHP & 4 2501 DEHP & & % DEHP % & 250 DEHP & &
A BB -0.618" -0.706 " -0.578" -0.680"

. SRR 0.438 0.343 0.674 " 0.752* "

R FE AR 0.393 0.509 0.334 0.355
TE 2 A1 R 0.609 * 0.707* -0.870" " -0.925" "
W R 0.318 0.177 -0.298 -0.430

F R FHER 0.949 " * 0.899 * * 0.451 0. 487
TFEHR 0.644 " 0.730 " * 0.348 0.330

1) BEACHE N=12,n=3; « FR 0. 05 KPHZ R, » = KR 0.01 KFA9 2857 8%

G E T 45 2R R (R 5) , EAARIE JUZ S
il J5E B RN ZBURRL PP A B A8 X0 3l 7 60 d S0 AR 2R R 25
M- DEHP &5 %8 1 5 W0 iz K, 70 5l B 8 1 AR AR =5
it DEHP & 1) 90. 0% F1 80. 9% ; FARIE il 2 4

Bl J2 88 R0 20 4R Bz J2 JRE A AR 60 d SR AR &
DEHP & 2 (152 W fe K, AR 5L 2 41 Bl 2 B X 4y
H 60 d 2.0 25 DEHP & &2 19 52 Wi f K, 43 51l ok
T AR ALt DEHP &7 519 75. 7% 1 85. 6% .

®5 ROREMHLEMEHRRMEN b DEHP S BHE S EA"

Table 5  Stepwise regression of DEHP contents in root and shoot against root anatomy of two genotypes of Brassica parachinensis

S s m AT Rt Il 5 5 PRI RE e R R
A = R B (X =
HZ # ﬁ%i)f/&bml;ﬁ?( +) Y= —40.704 +0.105X, +0.407X, X(BI) = 0.073 0.900 *
015 60 d HE B AR (X ) X(B2) = 0.900
HH g
12 = = X =
e BRI BRI (X,) Y= -13.127 +0. 040X, +0. 092X, X(BL) = 0.158 0.809 *
AR ELAR (Xg) X(B2) = 0.809
JE B2 S S B (X)) X(B1) = 0.757
Y =19.203 - 0. 123X, +0. 370X .
7 60 d A W IR (X)) +F s X(B2) = 0.100 0.757
2 RS F R (X,) Y =8.234 -0.018X, X(BIL) = 0.856 0.856

1) = KR 0.01 K22 57 8%

3 it

HE AR 22 T 25 Ak ) 225 40 D81 A 400 b 245 R0 B 055 2%
f AN ) T S0 AR ST 2 Fh DEHP 5 /% 0 U

SRR R Y S0 AR 2800 25 Ml F0) 25 A A A 3 2
P, HIX Al 22 5 5 DEHP {5 L9 AR OC. A+ 60 d
S0 FARACHR J2 IR BE AR 5 A B AR A0 IR A B AN
15 YK R R T4 60 d 320, M2 AR Hh kE FL A%
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SR R T NN R B A K R BE L AR BE 5T b
DEHP ¥5 e i B A1 7,2 Fh e AU 320 AR 1 548
BORE R AR A K ZB AR Y PP R AR R A AR 1
T, HE R ML 4 A — 2B B 5. 2 i P A 3
1R Z 7 5 25 4 ik DEHP 35 Y 3t 9 98 5 B 0 f2 75 2
HE5 hTE 60 d 30 £ S B/ DEHP i35
IR T WA BN TR T 60 d 30 U S8 1 5
5 60 d SE.0 AR 2 J2 R fE DEHP 2 M54k 7 F
YN, TR T 60 d 30 AR K )2 TR B AL AE
DEHP fi75 4 /K F (20 mg-L™") T W& 84 fm , {H 76 &5
155K (50 mg-L~") T I & 3 F# K. 50 mg-L~'4b
R T 60 d 3.0 K2 J2 W RE 40 0 F 20 i 2 18] A5
BT T U8 2R DEHP B 10 3 R0 L T
RS 60 d 2.0 %t DEHP fiif 532 14 AH % 45 58 f1
JEL K 2.

87 A R A 0 AR 2R 2 I AT LTS Y g (i
LIS PAHs) WA 905 MR R 3R e L B2 2 A i i
ARBEWIGA Gt —~ L BB B 203" 05
YW R A PR ) O A 35 A0 T R 0 0o K 3
Wiz #% , 3% K 43 W e B A P R B L — i
e, MR R AR 2 B 2 I B K, K A A e ik
AR E R R SR 2 M S R EAR R, B
A TR K53 RS e ) B WGSBS 5 1R R AR K
S5 53] 2 PR A0 A AR S R 2B ) B B A T g ok
SRS e B GE RS T 60 d SRR R KB4
2 MO T IR A 5 B0 B K TR R T, EAR AR R R TR
JiE FIZBUAR Hz 2 T8 88 AR X /N AR P i AR A
A HARAEXT 8 K. T A X SE i R 45 1 2 B0Hk &
375 60 d 3.0 LR 60 d %0 A F T Xk 4y
F1 DEHP g g Wiz %, S 3 7 60 d 3.0 BN
PAEs 5 W g 28 3L 4 A0 T 4% 75 60 d SE0 R T
PAEs I W i SR 35 R R . 33— ARt 32 51 2 Fh 3k (R
H SRR 2R G AR A AL R AE AN AR S A R R R
Sy Ukt + 3 DEHP 7 W35 0 2530 3 i S22

4 g

(1) 60 d 048 R FZEntrh DEHP & 3
FEZ FAIE RL)ZE SN R B A A b A AR AR
HXTR &R 25 it v DEHP & & (9 g8 & 305 5
0.900 F1 0. 809. 47 60 d 3.0 4R & rh DEHP & &
FEZ FARIE RLJZ S0 5 B R0 e 23 J5E B8 45 o

PeSE R KON 0.757; 250 v DEHP & i 252 4R
T WJZ 1 TS BE P il ke sE R K 0. 856.

(2) 7 60 d .0 FR AL M I AR LRSI
MR TTIE o £, ERA R SRR )= 5
JEB/IN, AR AR BLAR A RO S AR AR ROR, R
Wi+ 60 d 0 AR R X DEHP [l R 47 7
60 d 3.0 H 5.
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