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Effects of Cr( VI) Stress on Physiological Characteristics of Brassica juncea and

Its Cr Uptake
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Abstract:In order to identify the toxic mechanism of plant under chromium ( Cr) stress, provide theoretic foundation for
phytoremediation of Cr-contaminated soil ,pot experiment was conducted to investigate the effects of heavy metal Chromium [ Cr( VI) ]
stress on the emergence rate, the biomass of seedlings, the contents of chlorophyll, malonyldialdehyde ( MDA ), the activities of
superoxide dismutase (SOD) ,peroxide enzyme (POD) ,Cr subcellular distribution in the leaves and Cr uptake in Brassica juncea. The
results indicated that the emergence rate of seedlings,the biomass and the chlorophyll content of B. juncea were increased under lower
Cr( VI) concentrations. However, lower emergence rate, biomass and chlorophyll content were observed for the higher Cr( VI)
concentrations. The content of malonyldialdehyde (MDA) was reverse with increased Cr( VI) concentration,and there was significantly
negative correlation between MDA and Chlorophyll content. The activities of SOD and POD were increased under 300 mg/kg Cr( VI) ,
but the activities of SOD and POD were decreased above 300 mg/kg Cr( VI). Cr was mainly distributed in the cytoplasm of leaves
(48.57% -64.77% ,41.03% -76.42% , respectively ) and the second in the cell wall, and less distributed in the mitochondrion and
chloroplast( < 10% ) in Laifengjiecai and Sichuanhuangzi. Sichuanhuangzi could accumulate more Cr in leaves than Laifengjiecai from
the Cr-contaminated soil. As compared to Laifengjiecai, Sichuanhuangzi has stronger tolerance to Cr( VI) pollution. The Cr contents in
stem, leaf and root of B. juncea usually were heightened with increased concentrations of Cr( VI) in soil. Average Cr concentration in the
leaves of Laifengjiecai and Sichuanhuangzi werel67. 30 and 197. 60 mg/kg’ respectively for 70 days growing in the soil spiked with 300
mg/kg Cr( V), the maximum of Cr content in plant shoots were 1. 71 and 2. 81mg/plant, respectively, namely, Cr removed by plant
shoots were 0.23% and 0. 38% of Cr content in treated soil ,respectively. The results suggest that Sichuanhuangzi is promising for the
phytoremediation of Cr-contaminated soil.
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1.3.3 91. 11%. ,
2.0 ¢ , 300 mg/kg , 100 mg/kg
20 mL 4 mL . , (p <0.05);
2~5mL 10 mL , s 300 mg/kg .
10 ~ 15 min, 25 mL , 0.2% , 0,100, 200, 300 mg/kg
, ( 4 (p>0.05), ,
18070) (27, )
1.4 .
SPSS 11.5 ,
,2
MDA . 100 mg/kg
, 29.10 g/plant, 6.8% ,
» 200, 300, 400, 500 mg/kg 4
(p <0.05),500 mg/kg
2.1 62.8% , . , 300
mg/kg , , 28.46 g/plant,
19.8% , 200 mg/kg (p>
( 1). , 0.05), (p<0.05).
400 mg/kg
, 1. 53 g/plant. 2
200 mg/kg ,
. 88. 89%
1 Cr(VI) 1
Table 1 Effects of Cr( V) stress on emergence rate and biomass of B. juncea seedlings
Cr(VI)  /mg-kg™!
0 100 200 300 400 500
% 81.11£1.11"  85.56 +1.11*  88.89 +1.11° 70.22 £4.87°¢ 55.56 +1.11¢ 35.56 £1.11°
85.56 £1.11* 90.00 +1.92* 91. 11 £4.00* 88.89 +£2.22° 75.56 +2.94" 62.22 £2.94°
(FW) 27.24 +0. 38" 29.10 £0. 38" 25.33 £0.23° 23.10 0. 114 19. 14 £0.09° 10.12 +0. 13!
/g-plant ™! 23.75+£0.05¢  26.45+0.04"  28.32 +0.07" 28.46 £0.09"  25.28 +0.06° 17.58 +0. 05°
1) (p<0.05)
2.2 2 Cr(VI) v
Table 2 Effects of Cr( VI) stress on chlorophyll content
in leaves of B. juncea
’ cr(VI) (FW)/mg-g "
2 , /mg-kg !
, ( 2) , 0 1.96 +0. 04 1.84 +0. 03¢
100 2.40 +0.03* 2.24 +0.03"
> 200 2.23 +0.02" 2.30 £0.03*
’ . 300 2.14 0. 02°¢ 2.39 +£0. 04*
100 ~300 mg/kg , 400 1.68 £0. 03¢ 1. 62 +0. 04"
’ (p<0.05), 100 500 1.20 +0.01' 1.44 +0.03°
ng/ke ’ 1) (p <0.05)
22.4%. 300 mg/kg .
, 2.39 mg/g, 21.7% , . 500 mg/kg ,2

(p <0.05). , ,
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Table 3 Effect of Cr( VI) stress on contents and percent distributions of Cr in subcellular of leaves of B. juncea
Cr(VI) Cr /mg-kg !
/mg-kg !
0 0.32 +0.01° 0.08 +0.00* 0. 14 +0.00* 0.51 +£0.02° 1.05 +£0.01*
(30.48)% (7.62) (13.33) (48.57) (100)
100 8.34+0.11* 1.23 +0.01*° 2.37 £0.01° 18.56 +0.23" 30.50 +0.31*
(27.34) (4.03) (7.77) (60.85) (100)
200 10. 34 £0. 12¢ 3.05 +0.02° 3.86 +0.18" 28.65 +0.24" 45.81 +0.23*
(22.57) (6.66) (8.43) (62.54) (100)
300 12.36 +0.34" 4.26+0.21 b 4.88 +0.06" 36.73 £0.35" 58.23 £0.94"
(21.23) (7.31) (8.38) (63.08) (100)
400 15.37 +0.61°¢ 4.32 +0.25¢ 4.33 +0.30* 45.32+0.56 69.34 +0.79°¢
(22.17) (9.53) (6.24) (65.36) (100)
500 14.90 +0.36° 8.03 £0.25° 5.69 £0.21" 52.62+0.84 81.24 +0.98¢
(18.34) (9.89) (7.01) (64.77) (100)
Cr(VI) Cr /mg-kg !
/mg-kg ™!
0 0.41 +0.02° 0.12+£0.01° 0.16 +0.00° 0.48 +0.02* 1.17 £0.01°
(35.04) (10.26) (13.68) (41.03) (100)
100 8.76 £0.21* 0.74 £0.02° 1.26 £0.05° 20.67 +0.18* 31.43 +£0.41°
(27.87) (2.35) (4.00) (65.77) (100)
200 10. 57 £0.32* 1.43 £0.010* 1.59 £0.01* 36. 64 +0.54° 50.23 +0.74*
(21.04) (2.85) (3.17) (72.94) (100)
300 11.35 +£0.52° 2.36 +0.03" 3.27 £0.41*° 50.23 +0.86" 67.21 £0.97¢
(16.89) (3.51) (4.87) (74.74) (100)
400 13.17 £0.61* 3.66 £0.04" 3.34 £0.03" 62.27 +0.85" 82.54 +0.49"
(15.96) (4.44) (4.05) (75.44) (100)
500 9.33 +0.76" 7.24 £0.54°¢ 4.73 £0.36" 69.06 +1.05" 90.36 +1.24°¢
(10.33) (8.01) (5.23) (76.42) (100)
D (p<0.05),  ;2) (%)
s N N s
, (p<0.05), > >
; > , C + )
b
2.6 500 mg/kg 2
’2 N ’
( 4). , . 450, 270
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187 mg/kg, N , 1.71  2.81 mg/plant,
483,287 253 mg/kg,

0.23% 0.38%.
4 s , 2
, ,2 2
’ ’ ’
b N Y
300 mg/kg s 70d s , ,
4 Cr(VI) Cr
Table 4  Effects of Cr( VI) stress on Cr accumulation in B. juncea
Cr( V)
Cr /mg-kg’] Cr /mg-p]ant’]
/mg-kg ! Cr /%
0 2.83 +0. 04" 2.19 +0.07" 1.53 0. 06" 0.02 +0. 009 0. 004 +0. 00" 0.03 0. 00° —
100 106. 50 1. 20¢ 67.93 +0.41° 52.30 £2.07°¢ 0.87 0. 03¢ 0.18 £0.01° 1.04 +0. 03¢ 0.35
200 210.43 £1.90%  114.33 £4.77¢ 84.43 +1.93¢ 1.18 +0. 02" 0.27 £0.01¢ 1.44 +0.02°¢ 0.24
300 310.53 £2.98°  167.30 £4.15°  136.27 £2.57°¢ 1.71 £0.02° 0.37 +0. 00° 2.08 £0.02° 0.23
400 371.17 £4.99>  198.60 +4.56"  162.13 +1.09" 1.65 0. 03* 0.40 0. 01" 2.05 +0.03° 0.17
500 450.33 £4.16*  270.93 £3.12*  187.80 4. 45" 1.14 £0.10" 0.45 +0.01° 1.59+0.11" 0.09
Cr( V)
Cr /mg-kg ! Cr /mg-plant™!
/mg-kg’1 Cr /%
0 3.21 £0. 11" 2.41 +0. 06" 1.98 +0. 05" 0.03 0. 00° 0. 004 0. 00° 0.03 0. 00" —
100 112.13 £3.57° 75.04 £2.35° 61.97 +1.74° 0.94 0. 04¢ 0.16 £0.01¢ 1.10 £0. 03¢ 0.38
200 236.30 +7.89%  143.03 +4.28¢ 90. 00 +3. 251 1.77 £0. 08¢ 0.42 +0.02° 2.19 +0.06" 0.35
300 322.67 £2.58°  197.60 £6.05°  146.20 £5.31° 2.81 £0.10° 0.57 +0.02° 3.38 £0.09° 0.38
400 386.70 £3. 12> 226.70 £5.14"  182.00 £2.73" 2.68 0. 07" 0.49 £0.01" 3.17 0. 08" 0.27
500 483.73 £2.44*  287.97 +4.82*  253.40 6. 69* 2.02 £0. 08" 0.52 0. 04 2.54 £0.10° 0.16
3 , MDA
28,29
[28,29] , , MDA
, , MDA
[39]
, .
bl ’ 2
300 mg/kg ) )
, , MDA MDA
500 mg/kg ’ ’ ’ ’ A N
b b
[30~32]
. ’
[33] [40]
, , , . SOD.POD
[30,34,35]
b b b ’
N b
[33] [41]
’ . . ’
, , 2 POD SOD
s s POD
" s SOD SOD POD

[28,30 ~32,36 ~38]

( MDA )
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