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Phytoremediation Efficiency of Two” Cultivars of Brassica napus L. Under Water-+
soluble Chitosan Treatment in Typical/Pb-contaminated Farmland Soils ~ A
MENG Xiao-fei'"? ZHE_NG Guo-di"*, CHEN Tong"-bin" ’2.“, YJANG Jun-xing'** | GUO ]un—r;lef, LIU Jie*

(1 Gerter for Environmental Remediation, Institute 'of Geogtaphié Sciences arlld'”‘.Nal_ural Resources Reséarch, Chinese Academy™of Sciences, Beijing 100101, China;
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2. Uniy.t:,rsily ofFChines'e'. Academy of Sciences, Beijing 100049, Ching; 3 E(_)H.ege" of Environmental Science and Engineering, Taiyuan University of Technology, Jinzhong
030600, Chinua; 4. College of Bioscience and Resources Environment, Beijing University of Agriculture, Beijing 102206, China)

Abstract: A pot trial was used to explore the absorption and transportation of the Pb of QY-1 and SYH ( Brassica napus L. ) under 0%, 2%, and 4% water-soluble chitosan
(WSC) treatments in two typical Ph-contaminated farmland soils in China (north; Henan province and south; Guangxi province ). Based on the results of the pot trial, a field
experiment was conducted to compare the remediation efficiency of the QY-1 and SYH under WSC treatment in northern farmland soil, and the environmental risk and
economic value under field conditions were analyzed. The results of the pot trial showed that the biomasses of QY-1 and SYH were significantly affected by WSC addition and
soil type compared with that of the control. The biomass of QY-1 was reduced with the application of WSC, and the shoot and root biomass of SYH were significantly increased
under the treatment of low concentrations of WSC; conversely, these were decreased under the treatment of high concentrations of WSC. The shoot biomass of SYH increased
notably under the 2% WSC treatment in Guangxi soil, which increased by 80.96% compared with that of the control treatment. Lead concentrations in different parts of B.
napus were also affected by WSC addition and soil type. Pb in the shoots and roots of QY-1 increased with increasing WSC addition in Henan soil, whereas it decreased with
the increase in WSC addition in Guangxi soil. The extraction amount of Ph was the key to evaluating the efficiency of phytoremediation. Lead uptake of QY-1 showed an
increasing trend in Henan soil but a decreasing trend in Guangxi soil. In Guangxi soil, although the total Ph uptake of the QY-1 and SYH-combined application of 2% WSC
was not significantly different, the biomass and Pb absorption amount of the SYH-combined application of 2% WSC were significantly higher than that of QY-1, and the shoot
Pb extraction amount was higher. The results of the field experiment also confirmed that the phytoremediation efficiency of SYH combined with WSC was higher than that of
QY-1. Additionally, concentrations of Pb in the rapeseed oils of QY-1 and SYH were lower than the limit of the maximum level of w(Pb)in market rapeseed oils ( GB 2762-
2017,<0.1 mg-kg™"). Therefore, the mode of B. napus combined with WSC had great application potential in the rational utilization and remediation of mildly and
moderately Pb-contaminated farmland soil in China.
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é‘%(mg-kg_l )-» CWSO\ CAEX N CRED C0X7Fﬂ CREbﬁjJIJ

x 100%

RIKES | PRRIREGS . MRS Tﬁ%ﬁﬁ
FRIEZS Ph A ( rpg‘-kg*l )y o
[ o ¥ _ WPhY .
o —— # x 100%
i 1 }hol x W ’

‘Wj&mﬁﬂ%%m%Ezpmwﬁtﬁm%*
o136 B (LR BG4 3 el s G E
38 Ph s W T, DL S ke 3 '

Ry = Py yg0g

Crpet X W, xV

K, Ry WA Pb BB Pb, . B BT
S b Ph R BCEE, L4 300 000 A -hm?
Cpoa N THE P 55 W, KR E 1.3 geem
V RERAETO ~20 em VRS BN 5800 1A

2 HBRESM

2.1 ZFkilE
2.1.1 WSC XS AR ) 1Y) 5 M)

1 G55 FH, VG 3 A 3 )
L%i%%%ﬂ*ﬁiﬁi%ii’?%?ﬂﬁéi% WSC &
X PP LL ﬁ{mmﬁ"ﬂﬁﬁiﬁéﬂﬁi%i%ﬂﬂﬁxlﬂ
AR QY- 1 Hb AR ER Y AE Y bl WSC & &1y
BTN EE R BN B W SYH Mo b B AR R AY AR
Yt 5 WSC B & &A ¢, 78 C1 AN A&
T, C2 T YRR E TRE(P <0.05). 5 CO
AHHE, 76 C1 Ab B AR, SYH 7R /g A1 76 38 |-
E@i&i%ﬁé%%ﬁ%ﬂ%%i%? 22. 65% F11 80. 96% .
2.1.2  WSC XJVfiZE Pb & iR

WSC 75 s 9 A 3 7l = 7 R 1 35 1 AR
) Pb E A AR (B 2). QY-1 763 3%
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L%E',Pbﬁ"%%%% WSEr I (19 5 SN Wi PR 2 AL, WSC A RERH I - 1 K 1
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Pb &bl WSC S MBI LA E FRERE A AR, W SYH #£9 jF 38 - i i I3 BCF
PN Co AHLL,C1 B SYH Hb B Ph &4 BlFE WSC SRR In 2 BRI 5 BT R i
1 76.52%,C2 Zb B SYH Hb b#8 Pb & N% 7E)TVY L E Bib 1ES BCF BEE WSC & 5t (193 n i
ARERFE(P>0.05). FHEIN(P <0.05).
£2 BEEHETO% (C0).2% (C1)F14% (C2) WSC AMEXFAN MR T Pb B EMEIEEE HH2m"
Table 2 Effects of 0% (C0), 2% (Cl1), and 4% (C2) WSC treatments on bio-concentration factors and transfer factors

of Pb in shoots and roots of two B. napus cultivars in Pb-contaminated soil under pot conditions

o SiH e S
CO Cl1 c2 CO Cl Cc2
BCF 0.026 +£0.003b  0.035 £0.004ab  0.046 £0.008a  0.029 +0.003a  0.022 +0.003ab  0.016 +0.001b
QY-1 BCF,,, 0.083 £0.009a  0.091 £0.014a  0.109 +0.007a  0.166 £0.005a 0.123 +0.029ab  0.095 +0.018b
TF 0.326 £0.052a  0.385 +0.038a  0.423 +0.085a  0.177 £0.018a  0.202 £0.072a 0.186 +0.053a
BCF 00 0.065 +0.014b  0.115+0.018a  0.077 £0.004ab  0.028 +£0.003b  0.035 +0.005b 0.053 +0.005a
SYH BCF,,, 0.204 £0.053a  0.349 £0.064a  0.200 £0.029a  0.056 £0.009¢  0.096 +0.019b 0.199 +0.006a

TF 0.360 £0.130a  0.359 +0.123a  0.394 £0.050a  0.504 £0.061a  0.397 0. 144a 0.269 +0.032a

1) B3 N M £ ARAERR, n=3; CO F/R 0% WSC,Cl £/R8 2% WSC,C2 F/R8 4% WSC,BCF /R F A e 5 7 a3 Ph &
5T Ph &Y HAE ; BCF,,,, F R R U N T AR Ph & it 5 + 3 Ph S A HUAH TF /R H5i8 N1, BIAE 4 s 13 Ph
B GAL Ph S A LA ; RIE/ NG S RERR [l — G R I SEAE AN ) & b SE RMIAL 3R Y W 25 5 (P <0.05)

2.1.3  WSC X Pb R 5200 5% Pb [ HEEUEESZ AN R 322SR WSC & &5 i)
Bl 3 g5 REH, 7o L4 EWANSSE SRR A W e RS QY -1 B URIAR S Ph $EHR
S AR Ph PRI 4 v T e A PR ERICARE WSC & IS, mAE)T vy 4
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Fig. 3 Effects of 0% (C0), 2% (Cl), and 4% (C2) WSC treatments on Pb uptake of two B. napus cultivars

in Henan province and Guangxi province Pb-contaminated soil under pot conditions

MR B WSC & m 38 i i 3 F % (P <0.05). WSC g2, 7E R AP QY-1 1 SYH 387K
SYH 7EM R IR 298 b 3 B3 FAARTE A Ph #2028 Pb &bl WSC & &t A 14 I & 28 B, 40 'ﬁxt #
5 WSC &A%, K&+ WSC A3 F SYH /9 Pb - ML, B WSC AFE R, QY-1 I SYH /KIAZA P

BEUE R E FFH(P <0.05) , & & i WSC 4B SYH 5 gé}jﬂJﬂWT 56.25% F165.22% . rmﬁﬂ;&i

() Ph 428U B2 T (P <0.05). IKUEZS Ph S A A0 1k, + 3 Ph 5512 $ X
2.1.4 WSC X} +39E Pb JE 24345 52N AR SME S, T F,QY-1 FiE WSC

FHE% 3 AT A WSC St iy, WAt S W 2 L7, SYH B WSC & & i3 i i
THER) pH WEFEML(P <0.05) , I Fg 135 pH 284k ZFH TFRE, 415 CO AL, QY-1 7F C2 b3, 55 R $2
JEFEIR 7.55 ~7.99, ] PH -4 pH ABERIDY  BES Ph SEBERS T 29.72%.

7.00 ~7.36. A[A +3E Pb A& A2 LRI FHIET 4 AT, T 74 A R 7 ey S5 o i - g
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Table 3 Effects of 0% (CO0), 2% (Cl), and 4% (C2) WSC treatments on pH and Pb fractions in two Pb-contaminated soils under pot conditions

AEIES ©(Pb)/mg-kg ™!

T wh b PR

pH

USGES SRS QRS REN S B
o 7.97a  0.16% 0.004a  11.64 +0.225a 131.39£3.833a  66.21 £3.620a  7.07 £0.280¢
QY-1 cl 7.84a  0.10% 0.007b  12.11£0.742a 121.14£3.427a  61.47 +17.097a  8.00 £0.020a
S 2 7.59b  0.07+ 0.0l4bc 12.69 £0.847a 122.24 +8.549a 71.81 +4.810a  7.18 +0.270bc
o 7.99a  0.23% 0.015a 13.19+1.06la 147.48 £2.006a 51.50 £16.379a  7.49 £1.310ab
SYH Cl 7.72b 0.16+ 0.042a  12.03 0.389a  128.10 +14.772ab 58.06 +7.854a  6.32 +0.620b
2 7.55¢  0.08+ 0.017b  12.59£0.726a 112.41 £8.205b 73.93+2.453a  8.80 £0.050a
o 7.32a  1.25% 0.190a  43.61 £0.557b  566.12£55.245a 64.90 +1.429a  28.01 £1.100a
QY-1 cl 7.24a  1.09% 0.354a  44.39 0.945b 534.57 £14.436a 66.19 +4.40la  28.31 +1.590a
- 2 7.05b  1.24+ 0.094a  56.57 £3.705a  560.04 +14.539a 60.29 +3.816a  26.51 +1.660a
o 7.36a  1.36+ 0.01la  53.73+2.789a 521.75+36.73a  65.36+1.979b  27.91 £0.920a
SYH Cl 7.07b  1.48% 0.118a  41.58£1.426c  509.49 £21.297a 76.61 £3.293a _29.09-#1.750a
2 7.00b  1.24+ 0.466a  45.20 +2.847be  567.62.£19.514a 1 66.96 +4.208b | 29.99&0. 660a
1) B P = bR, =35 TTHEHERY @ (Pb) Hy 23071 mg-ke ™!, )P RHEAY w(Ph) Dy 639, 4 me-Kg ™' ARG - REL Rt — R
SR A SRR R (0 % 5 (P <0.05) 4P [ } ‘. 'y =
7 | p ,"‘
8 10
[ co a (a) 7
7/ ol A . Ta ]‘_l
e 8 T I
St 2 77 b
% % °
2,41 B
i byl
isi =
2 -
2
0 0
QY-1
B4 ZHFHETO0% (C0),2% (C1) 4% (C2) WSC B AFFS " Pb SR L5 E Pb B FEBENHM

Fig. 4 Effects of 0% (C0), 2% (C1), and 4% (C2) WSC treatments on mobility factors of Pb

in Henan and Guangxi Pb-contaminated soils under pot conditions

2.1.5 AT WSC R I Ph 185 BRI

XA AR P 15 e - HE (8 R ROR AT IEA,
(F4). RFEAZBX P I5 Y H B E R %
WSC A In & & F s s Az, Horp SYH i 2%

R4 BHEBTO%(C0),2%(C1)F14% (C2) WSC 4biE
A Pb TR ENE SRR
Table 4  Effects of 0% (C0), 2% (Cl), and 4% (C2) WSC

treatments on the efficiency of the remediation Henan

and Guangxi Pb-contaminated soils under pot conditions

WSC REE AR e, i QY-1 FiLHti 2% WSC #Y L g am  RTERRRE sk
1B 5 %M L, SYH Fjiti 2% WSC X3 jg Al 7 7 = /'”gl;’l;;" O/ZO -
Pb {5 5 HIEB R BCR 0 BUEHE 4. 4 551 3. 3 5. QY-1  Cl 18. 62 0.005
2.2 EEI I‘Eﬂﬁk%\ A C2 19.40 0. 005
P k e — Co 41.23 0.011
RHZEAE T, WSC AR HLE 2 (P <0.05) $6% 1 SYH  «l 85. 25 0.022
PASTISR AR Ph & SRR Ph 154 IR R €2 25.28 0.007
L NI e = — COo 93.08 0. 024
R ELICH TSR ) 4 BRI Ph Ak 4 ot o o208 0-024
T & % 4 B K bR (GB 2762-2017) il iR - e 36.13 0.009
o(Ph)RIFRME ( <0.1 mg-kg™', % 5). KHXEK B o 72.87 0.019
RN . s 3 SYH Cl1 164. 15 0.043
ERHRURIZ L0 ~20 em) , AH 1.3 grem 7, 2 111.37 0.029
N300 000 Kk 11 ST AT 50, 5 HE A BA L 1) Z AR 4 3 v
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Table 5 Effects of WSC treatments on the growth, Ph concentrations, translocation factors, Pb uptake,

and remediation efficiency of two B. napus cultivars grown in field trials

. w(Ph)/mg-kg~' BCF Mo B3RP PREUE RATIHT 0(Pb) P EE AR
mAh abE TF/ % 5 0
Hb -7 R W LES RS /g+-hm /mg-kg /%
-1 X 81.56+4.23b  7.50+1.15b  0.35b  0.03b 1087 389. 55 0.022 0. 065
WSC  103.63 +4.93 a 13.43x1.07a  0.45a 0.06a 771.6 681. 60 0. 026 0.114
qyy MM 110.23+3.89b  17.50x1.29b  0.48h  0.08b  629.9 478.20 0.023 0. 080
WSC  126.74+5.96a 54.29+8.91a  0.55a 0.24a 233.4 688. 20 0. 024 0. 115

1) RIRVINEG T4 R 4T AT WSC ARBER 3% Ph S A 5 22 5 (P <0. 05)

SYH Fl1 WSC A b BEXF Ph 5 Y4 4 HE i 16 &2 560K
B, N 0. 115% . KHEZAT, WSC I us infEA% 1
PSR S AP 2 12 8 7, S5 6T IR Y TF AH L, 2%
WSC 4 B2 R, QY- 1 Hl SYH Y TF 43 5 F&A% T
29. 02% F1 62.95% .

3 itie
3.1 N WSC XA < P i B

PR ) BT I MR ) 52 3 R ki E‘{ﬁi‘ﬁ#‘é
B2 Ay BAEL 2 0 R A A BB AT

R ABRSET [ T 2 il R A K 2

WSE I BRI 3 4 WG (206 )R i
¥ SYH! M IR R0 9 2 kT 88 i WSC b
SOt 1 B AV 58 2 . 5 T e

S WSE A LR A 1000
A i R S AT s 0 LR A

IR OAE W i /N5 T A BLA DT A 0 TS A
PO T WSC it A s — T e
B MR S ISR 2R AT S RIS
R A TS 0 A i 5 R 3 3

A5, KA | AN [6]  3ih SE 7 %  42 S
3 R AR [ 20 P R 1 QY- 1 AWk b
WSC H#4iin i 2 F/% , T SYH Bl WSC 38 fin 5 1+
J5 TR 3T R 530 B 4R FIREIE P IIRE 1A .
QY-1 76 TG 43 L A Fems i Pb BT 4ERE N1, (0 H:
W) Ph Z AR BEAEARS, 52 5532 B S i B , At
() Ph AR BAE QY- 1 HART I JCHk ) |33 , 4
il A KRN Ph At — A B B T SYH $0A B 1
6] L RS Ph B9RE ST AR TR Ph RS Bk
2 B 13, 5 A0 P i 4 R B AR ORI E
T 155 A W) AT LA AR 2 I HE A A i %
Ph2 " (1 F ik, TR Ph (OFE A o — 25 11
HE SYH X Pb iR 22 H YSAE AR () Ph A B
—EH A MR A K SR A R
B, J3ERT Ph (AR 26 5 L4 Ph V5 Ye AT G,
QY-1 7EVT Fg A1 VY + 18 EXF Ph AR R A Iz,
SCTT RS [R5 4 858 Ph 15 e P v T R, 40 0

g 3 Ph SR 3 A% )VE L QY-1-CO iR
TR R Ph = T g 4 AL T QY-1 E
e, W — A LR Ph, L S BB WSC % &
BN R AR A AE TR 3 SYH Ph HEEUE
BFET QY-1; Mife) 74 3%, QY-1-C0 Al SYH-
C1 Ho_E 3 AIARS Ph %m%zwm%%j&;@ SYH-
C1 4 35 Phry U B 5 T QY- L4€0 /g it
S )y R AE 2 T 4R WG S 4
mig. | W ”

R H S0 2 SR U, £ SR P 75 I
SYH s 1RO 0 Ph 5 bk 35 5 T4V 11,
FLWSC AT S s P (15 S fiE 1. A
RIS B By, X LEPIA-IS R P 5 4RI
1&2?&%7;@{‘, AR T B AR ANT e
X T BB 2 A DR T S g0 A A Y S 2 — A e B A AR
i FELYT WK T S i B W T A A4
B A I8 K R g0 25 9L, AR 5T IA R, SYH it
AL E i WSC B s G185 Ph 15 44 1.
BEAI K AR 9 10 S5 & T 25 6 500 J b 3
Pb $EHUEAME B 30 5 B i E W [ 2k 52 47t
B(FR6), KK SYH B WSC i H T Pb 154+
A& 5 A 55 5 1 18 52 AR A i 5
3.2 WSC AbFEXS vl AR b 5819 pH | Pb JEZSH
IR 50

3% pH 5 Pb A= A SOME A7 A6 B G £ A
KR BRI, WSC RN B L T £
e pH, RIS T -8 b e . AL | sk
AL E IR ICR M & & IR, -5
pH FEA , RENS (a0 + 198 7 4 Ja 16 Mk 389 i 2. R
ALY BCR 5 38 Ph IS8T, 8 4% Ph
X305 AIEAS, Horh KA Ph 1SS IR £2 LS Ph
(RS B fc ik, EL T SR A T R RS Ph B4 5 9
R ASREAE R, BT Aesson; , K250k
TR SS TR P OGS T 4 Jm 2 ) B AR e MR U 1k
WSC i EZAE Rl LB IE Ph Ak h 55912
PERCE MK A Pb, DA A2 #F 45 9 X Pb A9 W
WS FESTE R E T QY-1 1 SYH -4 55 R i He

-

ML Y

N =R
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Table 6  Comparison of phytoremediation effects of accumulators or accumulators with chelating
agent treatment in Ph-contaminated soils under field conditions
- -3 =

B o PRe BEERERE wsnewsn it
TR WA RE 7.73 281 102. 00 0.014 [23]
LN 7.73 281 274.09 0.038 [23]
ENEES 4.7 118 139.55 0. 053 [31]
ENE R S A e il 4.7 118 154. 40 0.058 [31]
ZEi1 5 7.7 230. 1 389.55 0.065 LN
R 1 F-TE R 7.7 230.1 681.60 0.114 ENIEN
=A% 7.7 230.1 478.20 0.080 AHFIE
= H TR 7.7 230. 1 688.20 0.115 ERUED

25 Ph BRI [ A ka3, B WSC i &
RN, QY-1 FBN B35 1T, SYH W N
SRR 3 AT R B WSC {23k T SYH MR & 1 E
KA -E 8 Ph RO, 75 SYH AR BRI g 7T 5
75 Ph A HEE T ST A AR O 7T ASH 7S Ph
Fri Bl SYH HERSIRARIS Ph A 5 R,
SRS Ph A A AL 1 25 SRR ST A
RSB 4y KR AR BRI ) 5 2 B o i

LA, FT LA P 19 D F R B )| WS g

T WSC IR Bh BB A AL e 1 e T
P JFASIAAY 6 LR A7 3 R AR 7R A
ATPh WRYCHEE (g S , KRR BR A RS P,
WS RAR PP PR R TR /

W Bt SYRIGE BT P 4 FAER Ep ]

A L~

3.3/ SYH 5 WSG %54 ki AR TH [ SR BERTZE
vy

M 2R, XF &N BT SYH 1B & Ph 15 4t + 1
M LT AT IS (2 7). SXTREAIEL , SYH Bei
WSC $&m TV Ph i5 % H B E 508, B —
EMMEE R . 9 80, SYH 7EJi ] WSC A B S | ik
RIS & R AT o (Pb) =0.024
mg-kg ™', AL T & &% 4 B R bR E (GB 2762-

-
=

o

2017) Hil i  (Pb) MIFR{E ( <0.1 mg-kg™').
M, SYH S it P £ 1L P K VA P 7 SR A 2 o i
Ph 15 Y+ A6 5 LA R A0 RS )

A e A i B AR e I RTAR A T e
TR ) A SR 1 o SR T L R
TR I A A SRR o Y T R T
SRR BB, B s eI b
BT A TR | AR b
i . PSR PR I e 5 N
AT IR A STl BN S0 ph T
A b A e 1 % e B R
B0 7= 10, A RO A 006 e e
% 57 5 R T 4 106 46 ) s PR R ) 1 EL 7 1ok
PR 4077 I A . P 4 S0 32 i b 5 0 ) O 6, R
AT A, (o 52 L0 56 1T L 5 R 4 R 15
i S R BR A 5 — IR AR L TR AR
e 2 — i R ALk R s
AA ] 999% , H AR be = A= iy #ARE v] [l A A, 2
&M YRR ) SRR IR AL, B b TR
FRY Y 220 Ak B ) S AT R KR EE
WA ISR Ph 5 Y 1 ) 28 0% A, 2309 U8
LFI.

®7 HEFHTHIZ(ZAHE)BF(2019 ~2020 F) RARANSEFH
Table 7 Single-season (2019-2020) cost input and economic output of B. napus (SYH) growing under field conditions

T H FA! oy K K N/ T WSC i N/ 7T
DT 7 J6-(100 g) ! 4.5 kg 315 4.5 kg 315
ik 120 JG- (40 kg) ! 600 kg 1 800 150 kg 1 800
o 5 20 JG- (800 g) ! 12 kg 300 12 kg 300
SRl A ‘WSC 5)0 JG-kg ™! 0 0 100 kg 10 000
By e 2 20 7+ (200 mL) ~! 3L 300 3L 300
B 22 1 R 4 56 (100 g) ~! 1.5 kg 60 1.5 kg 60
SRR 1500 JC+hm =2 1 hm? 1500 1 hm? 1 500
F, 2 1050 JG-a~! la 1050 la 1050
Gt 5325 15325
WA THISEHT 6.4 JG-kg ™! 3675 kg 23 520 4125 kg 26 400
BRI 150 JC+hm 2 1 hm? 150 1 hm? 150
HiA 23 670 26 550
R 18 345 11225
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