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Physiological responses and lead accumulation of the winter weed Capsella bursa—pastoris under lead stress

LIU Ying—jie'*, ZHU Xue-mei', LIN Li—jin}, YANG Yuan—xiang', YANG Zhan-biao', SHAO Ji-rong"

(1.College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China; 2.Chengdu Environmental Monitoring Cen—
ter, Chengdu 610072, China; 3.Institute of Pomology and Olericulture , Sichuan Agricultural University, Chengdu 611130, China; 4.College of
Life Science, Sichuan Agricultural University, Ya'an 625014, China; 5.Tianfu New Area Chengdu Management Committee Economic Devel-
opment Board, Chengdu 610213, China)

Abstract: A pot experiment was conducted to examine the growth, physiological responses and lead (Pb) accumulation of Capsella bursa—
pastoris (L.) Medic, a new Pb hyperaccumulator, under different Pb rates (0, 200, 400, 600, 800, 1000, 1200, 1400, and 1600 mg-kg™).
Results showed that C. bursa—pastoris grew normally and showed no toxic symptoms under all Pb treatments. With the increase of Pb con—
centrations in soil, plant height, root length, leaf length, chlorophyll a, chlorophyll b, chlorophyll a+b and plant biomass all showed increases
at low Pb but decreases at high Pb rates, with all higher in the treatments than in the control. Lead content in and Pb extraction by roots and
shoots, and bioconcentration factor and translocation factor of C. bursa—pastoris all increased with increasing Pb concentrations in soil. The
Pb content in shoots and roots of C. bursa—pastoris exceeded 1000 mg-kg™ at 1000 mg-kg™ of soil Ph, reaching 1 036.1 mg-kg™ and 1 201.4
mg - kg™, respectively. The shoot bioconcentration factor of C. bursa—pastoris was greater than 1 when soil Pb concentration was higher than
600 mg-kg™', but the translocation factor of C. bursa—pastoris was less than 1 under all Pb treatments. Activities of superoxide dismutase and
catalase increased with increases in soil Cd concentration, but malondialdehyde and active oxygen radical content kept in a stable status.
Therefore, C. bursa—pastoris is a Pb—accumulator with great accumulation ability, stable translocation and strong tolerance to Pb. which
could be used to remediate Pb—contaminated farmland soil.
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0.05) IXFIHAEHALIET Rt R A R B
AR VR B AR, S IR PR v B A, A TP
(600~1000 mg-kg™ )BFRCR Feft: o RIS, iR HE T2 3K o/
b (AR AL FAF AT 1, 4% b FLH (R 200~400 mg - kg™ 4%
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Table 1 Effects of lead treatments on growth of C. bursa—pastoris

Ph A HKR-/mg - kg™ Fhis/em RN - /em Mo B R kR AR g bR

0 30.01%1.50e 12.01+0.61e 11.01£0.51e 0.64+0.01c 0.12+0.04h
200 40.61+2.01d 15.40+0.71d 11.30+0.51de 0.64+0.02¢ 0.18+0.05f
400 44.91+2.20¢ 16.12+0.82cd 11.61+0.60cde 0.82+0.06a 0.24+0.06¢
600 48.62+2.40abc 17.73+0.80b 12.81+0.62ab 0.87+0.02a 0.26+0.07b
800 51.21+2.50a 19.81+0.91a 13.91+0.71a 0.88+0.03a 0.28+0.07a
1000 49.02+2.40ab 17.21+0.81bc 12.42+0.60bcd 0.83+0.06a 0.24+0.06¢
1200 48.30+2.41abc 16.41+0.30bed 12.70+0.61bc 0.72+0.02b 0.22+0.05d
1400 45.91+2.20bc 15.31+0.31d 12.20+0.71bed 0.67+0.02be 0.20+0.05¢
1600 40.40+2.00d 16.30+0.30cd 11.70+0.60cde 0.52+0.02d 0.15+0.03¢

T B I E AR ERE  n=3; A — B NG PR 5%k 225 8.3 (P<0.05), Tl
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Table 2 Effects of lead treatments on chlorophyll content of C.bursa—pastoris
Pb AbFR/K V- /mg kg™ M43 a/mg-g! 43K bimg- g 43 2% (at+h )/mg - ¢! 4¢3 a/b

0 1.46+0.075¢ 0.47+0.025¢cde 1.94+0.10de 3.08+0.155¢
200 1.48+0.070¢ 0.48+0.020cde 1.96+0.10de 3.08+0.150¢
400 1.56+0.080¢ 0.51+0.030bc 2.07£0.10cd 3..05+0.150¢
600 1.73+0.085h 0.49+0.020bed 2.23+0.11be 3.54+0.175b
800 1.99+0.100a 0.50+0.025b¢ 2.49+0.12a 3.98+0.200a
1000 2.03+0.105a 0.54+0.025a 2.57+0.12a 3.76+0.195a
1200 2.00+0.100a 0.51+0.045b 2.51+0.13a 3.94+0.175b
1400 1.80+0.090b 0.46+0.020de 2.26+0.11b 3.91+0.195a
1600 1.44+0.070¢ 0.44+0.020e 1.88+0.09¢ 3.27+0.165bc

TGN (K 3) . ARHREE (200~400 mg-kg™ ) AL FR
MDA & it i A7 /NI FH R (A BETG 251 25 5 (P>
0.05), KHHZBEGFSEM: 7 40 R 1 52 W] 2 15
& ik B (600~1000 mg kg™ ) A5 AL PR , MDA 5
W E TR (P<0.05) , J2 X IR Y 2.87~3.02 5, H A&
REFRAH 6] TG 2575 5 (P>0.05) , FEHZ I BEE et e
£ 0 R L 37 B A L AR AR SE R AR R A T 4R
ML, A R BEAR T 405 5 = Wk (1200~1600
mg kg™ ) HTALBEES MDA F & B 3% T 5 (P<0.05) , %
AR AR B i), A R R AZ 0 N 2

FEP AR N TG AR B 3 i KO B R A A
Zil FAURHE R . SRS A O HL0, & i AR
AR A T 5 MDA F i AR AL (R 3) o IV
J& (200~400 mg -kg™) #5 Ab BRA , 5 % BEAH HE, O
H,0, & BB E T (B AR B ) e B 5 Pk 25 =
(P>0.05) , ZHAIGHR BE A B BBIAS R 550 e 02 FlTHL0,
PRI A, (HAEP AR Y B P S B R G bl B A
8, ARbIERR ENEME . SARE, IR
(200~400 mg- kg™ ) HFAMFRRT , SE3EM i If A 75 A
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Table 3 Effects of lead treatments on MDA, H,0, and O; content in

leaves of C.bursa—pastoris

Ph AbHHK/ MDA 5t/ 0, 4/ 0: 3% it/
mg-kg™ pmol - ! pmol - g™ pgtg

0 23.81x1.19d 6.10£0.31e 0.910.05g
200 25.70+1.53d 8.6420.41d 2.2620.13f
400 28.73+1.94d 9.50+0.70d 3.41£0.22f
600 72.16%4.16¢ 11.5320.71c 10.1420.68¢
800 70.13£2.95¢ 13.92+0.70b 10.36+0.78¢
1000 68.95+3.35¢ 14.10£0.71b  21.69+0.88d
1200 83.0324.15b 16.17+0.77a 25.82+1.06¢
1400 95.03+4.15a 16.60£0.77a  27.82%1.06b
1600 100.03x4.15a  17.09+0.77a 30.82+1.06a

A iE AR AT R T PR SR R Bl A A
2.2.3 XFFEFEMH SOD 5 CAT 1% R
WG RN, FE22 M SOD (CAT i 4 47 i b B
W EE () T SIS T R AR A (B 1), ik
W B (200~1000 mg-kg™ )AL FI TR, SOD \CAT 4 i %
FFis 43 BIAE 1000.800 mg-ke™ B iAFIWE(E =k
(1200~1600 mg-kg™ ) AZLFE R ,SOD \CAT 1§ P: 34 i &
FAIK, 7E 1600 mg-kg™ BFF& 28 5 K, (H = B 5 AT
XTI AT D X PR AE R AR ) S sz SR AR
P LA B AR

1357 480
125F - SOD ab {75
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Figure 1 Effects of lead treatments on activities of SOD and CAT in

leaves of C.bursa—pastoris

2.3 FEIMAME SRS

IR BN, T AR AR 2 () 1 s Y bl o Ak
P BE A T v 3 0 (3% 4), 4% A FRZH 35 g 2 )
M8 (P<0.05), HALFHEE] (F& 1400~1600 mg-kg™ 4bHi )
RGN 25 82 ST 1000 mg -
kg™ B, S R AR R TS 4 A E] 1036.14
1201.37 mg-kg™, & XF B 11 34.4 33.74 %, & T4
MG A . SR E R 1600 mg kg™
BF, S5 M B3 MR R T B ik B, 4 5
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Table 4 Accumulation characteristics of lead in C. bursa—pastoris

Pb AFRKE/ M EIRAR SR RAREYE R M EIEVRER RASTRER  ATRERR/ B AR ¥ia
mg-kg™ mg-kg™ mg-kg mg mg- 4 mg- 4 HERN  EERN AN
0 30.12+1.511 35.61+1.78h 0.10+0.01f 0.02+0.01d 0.12+0.01e — — 0.85
200 115.24+5.76h 180.23+9.01g 0.37+0.03f 0.16+0.05d 0.53+0.08e 0.58 0.90 0.64
400 336.30+16.8g 430.23+21.51f 1.38+0.17¢ 0.52+0.15¢d 1.90+0.32d 0.84 1.08 0.78
600 527.21+26.36f  717.79+35.89%¢ 2.30+0.17d 0.94+0.30bc 3.24+047¢ 0.88 1.20 0.73
800 820.56+41.03¢  900.03+45.00d 3.61+0.30c 1.27+0.38ab 4.89+0.68b 1.03 1.13 091
1000 1 036.14£51.81d 1 201.37+60.06¢ 4.31+0.53b 1.45+0.43ab 5.76+0.96ab 1.04 1.20 0.86
1200 1 263.63+63.18¢ 1 439.36+71.97b 4.55+0.35ab 1.59+0.44a 6.15+0.79a 1.05 1.20 0.88
1400 1 503.78+75.18b 1 731.89+86.59a 5.04+0.40a 1.74+0.51a 6.88+0.92a 1.07 1.24 0.87
1600 1 783.95+89.20a 1 801.64+90.08a 4.64+0.41ab 1.36+0.33ab 6.00+0.75a 1.11 1.13 0.99

1783.95 .1 801.64 mg-kg™, &% BEfY 59.23.50.59
R E I SHE Y 1.78 1.8 £, X RWISE
SRR SORT SRR HAT —E T ), WIAE IR ) T4
AR

B RBUR VPN A OIS R SRR —
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AT R A K R R EME R

T P e B 2 R A P DR IE AR RS
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FHEAMILT 1600 mg kg™ — R, H AR SAF T 45
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Pyt el /D28 it g 2R D)2 R R SOOI A 1 o 8 2
g3 LG R S S A P R 55 LS A Bk
FAEACE B, R, A 4 255 A B
AALEE B HE N E A KB3R5 , i RE A F2 4 1
MRS Z E A m N EH . AR IE, g T
R 4 25 2 T I AN, S 21 HE 5510k B 3%



34

KA IEFF 2R EIRRET PR

SEAERE I 22 d I, 45 a AR b HLE4
L Ak BRI P A i S AN L B T AR
MY B AR 8 R AR T A R S R
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