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Abstract: The pot experiment was conducted to study the toxic effects of combined pollution of Ph’>* and butachlor on the growth and physiology of
Lactuca sativa L. The results indicated that germination rates of L. sativa were not obviously affected when the Ph*>* concentration was below 500
mgekg~!. With the concentration of added Ph?* of 150 mg*kg ™' the plant height was increased but activities of peroxidase ( POD) and catalase
( CAT) in leaves were evidently inhibited. When the concentration of added Pb?* reached 500 mg*kg ™' the root vitality and POD and CAT activities in
leaves were inhibited; the inhibition effect was enhanced when the Ph?** concentration was increased. Experiments with butachlor at concentrations of 2 ~
6 mgekg ! showed inhibition effects on plant height biomass root weight and vitality and POD and CAT activities in leaves. Further experiments with
combination of two pollutants showed lower germination rates of L. sativa when the concentration of complex pollution was increased. At both low and high
concentrations the root weight of L. sativa was most severely inhibited and the root vitality was least affected but the chlorophyll content in leaves was
increased. Pb** and butachlor at low concentrations had synergistic effects on the inhibition of biomass and antagonistic effects on the inhibition of root
vitality POD and CAT activities. However at high concentrations the two pollutants had synergistic effects on inhibition of plant height biomass and
root vitality and antagonistic effects on inhibition of POD and CAT activities. Additionally Ph** and butachlor demonstrated synergistic effects on
chlorophyll biosynthesis.
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1 ( Introduction)
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2007) .
( Yang et al.
2007, 2007) .
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2 ( Materials and methods)
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TTC ( POD)
( CAT)
( 2000) .
2.4
(150 mg-kg™")
I = (1=N/N,) x100% (1)  15~49d (1)
Ny A, 15 d 87.2%
SPSS12.0 87.2% 2.8%
N ( 1.
3 ( Results and discussion)
3.1
(2003)
1 150 ~500 mgekg "' (500
2~6 mgekg ") 15 ~49 d
mgekg ™' 5.4%
28.1%. 500 mg*kg '
1
Table 1 The influence of Ph** and butachlor stress on the germination rates and height of L. sativa
/(eme 71
/(mgekg™") /(mg-kg™") 15d 19d 274d 35d 49 d
CK 0 0 81.3% 2.58 +1.20 6.08 +2.15 10. 18 £2.27 12.14 £1.16 12.36 £1.16
Pbl 150 0 78.1% 4.83+1.17 8.25+0.69 10.79 £1.55 12.71 £0.57 12.71 £0.57
Ph2 500 0 75.0% 2.63£1.11 6.06 +£3.07 10.28 +2.47  12.80+1.34 12.90 +1.20
Bul 0 2 50.0% 1.86 £0.63 4.29 £1.25 7.19 £0.75 8.81+1.13 9.00 +1.49
Bu2 0 6 28.1% 1.50 £0.87 1.75 £1.06 2.25+0.25 5.50+£0.71 8.75 +£0.35
Ful 150 2 37.5% 1.50 £0.82 3.92+1.50 8.50 +1.32 10.08 £1.35 9.00 +0.96
Fu2 500 6 28.1% 1.00 £0.25 1.00 +0.00 1.75£1.04 3.75+£0.87 7.00 £1.76
( 1 2 mgekg ™
60% — 90% —
40% — 80%—
r 70%[—
20% —
L i 60%
% [ ! ! ! ! | L ¥
= L 15 /20 25.@—30—35 407 45 50 & S50%-
0% - / Bt /d = 40%1-
-40% |- 30%—
I —e—Pbl --A-- Pbl+Bul 20% - —&—Pb2 --A-- Pb2+Bu2
— LA .
60% B —-®--Bul —A— Ful 10% (— —-®--Bu2 —A— 2
-80% - 0 ! ! | | ! ! !
i 3 20 25 30—35—A0——45—950
-100% — -10%“- N
] /d
1
Fig. 1 The influence of Ph** and butachlor stress on the height of L. sativa
( : Pbl + Bul ; Pb2 + Bu2 ;
Ful  Fu2 )
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15 ~49 d 27.2% ~ Fu2 > Pb2 + Bu2
29.4% ;
6 mgokg ' 15 ~49 d
29.2% ~77.9% 27 d 3.2 N
2 ~6 mgekg™'
2.150 ~500 mgekg ™'
N .2 ~6 mgekg ™!
15 ~49 d N
16.5% ~41.9% 15 d (p<0.01).
15 ~ 49d 43. 4% ~ .
83.6%. ( Singh et al. 2005)
. a—
(15 ~19 d)
Ful >Pbl +Bul( 1) .
(27 ~35 d) Ful <
Pbl + Bul (p <0.01)
( (p <0.01)
2006)
2
Table 2 The influence of Pb?* and butachlor stress on physiological and biochemical index of L. sativa
e 1) POD CAT
g /(mgeg~"*h"") /(Usg™emin~")  /(mgeg~'*min"")
CK 6.34 £2.46 1.56 £0.34 0.066 =0. 0059 100.00% 131.42 £10. 14 6.19 £0.05
Pbl 6.80 +1.83 1.49 £0.56 0.057 £0.0037 102.24% 94.14 +£3.41 3.63 £0.39
Ph2 6.50 £3.58 1.44 £0.61 0.056 +0.0074 92.20% 46.88 +3.49 3.47 £0.12
Bul 2.25+0.99 0.34+0.14 0.062 +0.0000 104.07% 61.53 +3.48 2.77 £0.03
Bu2 1.85+0.21 0.20+0.10 0.056 +0.0041 125.93% 40.99 +5.27 2.75+0.10
Ful 1.97 £0.91 0.28 £0.20 0.059 +£0.0044 124.07% 75.54 £3.45 4.37 +£0.20
Fu2 0.95 +0.50 0.16 +0.16 0.034 +0.0052 208.56% 27.30 £15.85 1.68 +£0.08
68. 9%
85.0%
Ful >Bul +Pbl Fu2 >Pb2 +
Bu2(  2)
; (
Ful = Bul +Pbl Fu2 = Pb2 + Bu2 -0.630 p<0.01)

( ~0.523 p <0.05)
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Ph** DNA
DNA ( Chen
et al. 2003) .
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Fig. 2 The influence of Pb?>* and butachlor stress on the biomass 500 ~ 2000 mg‘kgil
root weight and vitality of L. sativa .
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Fig. 3  The influence of Pb’>* and butachlor stress on the
chlorophyll content and antioxidant enzymes of L. sativa
( POD) .
( CAT) . ( SOD)
POD. CAT (p<
0.01) POD. CAT .
150 mgekg™" 500 mgekg™'  POD.CAT
28. 4% 64. 3% . 41. 4%
43.9% . POD
CAT .
POD  CAT
(p<0.01) POD
CAT 2 mgekg™' 6 mgekg™
POD. CAT
53.2% 68.8%.55.3%  55.6%
POD CAT

3 CAT POD
(p<0.01) POD
(p<0.05)  CAT . POD
CAT
(p<0.01) POD  CAT
POD
CAT

2003; 2008)

POD  CAT

(H,0,)
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3
Table 3 The correlation with antioxidant enzymes in leaves and Ph**

and butachlor concentrations

CAT POD
CAT 1 0.891** -0.430 -0.604**
POD 1 -0.582" -0.725**
1 0.047
1
% p<0.05; % % p<0.0l.
POD CAT
(p<0.01) POD
CAT .
(p<0.01)
POD CAT
POD CAT
Ful < Bul + Pbl Fu2 < Bu2 + Pb2
( 3)
POD CAT
POD  CAT
4 ( Conclusions)
1) 500 mg-kg '

150 mg-kg ™
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POD CAT
.500 mgekg ™' \POD  CAT
2) 2 ~6 mgokg ™
N N N POD CAT
3)
> >
POD > CAT > ( Pb** 150
mg kg™ 2 mgekg')
( Pb** 500 mg* kg™ 6
mg-kg )
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