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Phytoremediation of Endosulfan Sulfate Contaminated Soils by Mixed 
Plant Cultivation 

 
Khanitta Somtrakoon and Maleeya Kruatrachue 

 
Abstract 

 
The extent of endosulfan sulfate removal from soils by different planting pattern 

with sweet corn (Zea mays), cow pea (Vigna sinensis) and cucumber (Cucumis sativus) 
either cultivated alone or together was investigated in pot experiments. The experiment 
was divided into 2 parts. First, the effect of alpha-naphthalene acetic acid (NAA) and 
thidiazuron (TDZ) to alleviate endosulfan sulfate toxicity to growth of sweet corn, 
cowpea and cucumber seedlings in endosulfan sulfate spiked sands was investigated. 
The results indicated that 1-100 mg/kg of endosulfan sulfate had no apparent toxicity to 
these crop plants. However, induction of crop seeds by NAA or TDZ did not promote 
growth of sweet corn, cowpea and cucumber to an obvious extent. Ten mg/l of both 
plant growth regulators seemed to exert adverse effect on crop seedling growth. Thus, 
crop seedlings without induction by NAA and TDZ were used in endosulfan sulfate 
phytoremediation in the second experiment. The results in the second experiment 
revealed that the presence of plants grown either alone or together significantly 
enhanced the removal of endosulfan sulfate from soil (P<0.05). Endosulfan sulfate was 
removed to the greatest extent in the treatment in which sweet corn was grown alone; 
only 11.3% and 27.2% of the initial endosulfan sulfate remained in rhizospheric and bulk 
soil, respectively, of sweet corn grown alone at day 60. Endosulfan sulfate was also 
removed from soil to a great extent in treatments where cucumber or cowpea was 
grown alone; only 30.3% and 38.8% of endosulfan sulfate remained in their respective 
rhizospheric soil after 45 days. However, cucumber did not tolerate the toxicity of 
endosulfan sulfate well and died around 50-55 days when it was cultivated either alone 
or together with another plant. Cultivation of sweet corn and cowpea together was less 
effective in removing endosulfan sulfate from soil; about 41.7% and 52.3% of endosulfan 
sulfate remained in their respective rhizospheric soils after 60 days. The results showed 
that single cultivation of the plants was the most efficient way to remediate endosulfan 
sulfate-contaminated soil in this study. Phytostimulation was more feasible mechanism 
by which plants promoted the removal of endosulfan sulfate from soils in this study. 
 
Key words: mixed plant cultivation, phytoremediation, sweet corn, cucumber, cowpea, 
endosulfan sulfate 
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 (Weber et al., 2010) 

  
  (Menone et al., 2008) 

  
(Kumervora et al., 2010)  

  
 

  
   

 (Vá ová et al., 2009) 
  0.1, 1  5 

  
 (Vá ová et al., 2011) 

   

    
 1   

 40  14  26  (Chouychai, 2012) 
 (Ni2+)  (Zn2+) 
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 (Lukatkin et al., 2007)  
  

  
50   5  

  
guaicol peroxidase, catalase, ascorbate peroxidase  glutathione reductase  
(Ahammed et al., 2012) 

  10-10  
    

  (Fässler et al., 2010) 

 
  

 
   

 
  

 
     

  
  

 
Alyssum murale  (Cassina et al., 2011)  IAA 

 (Fässler et al., 2010) 
  

    
  

 10  100 
    

 
 

 
 100 

 
  10 
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 (Gangwar et al., 2011)  IAA 
 (Malik and Sindhu, 2011)  

   10 
-  40  

80  40  (Chouychai, 2012)   100      
  18.6  Sesbania drummondii 

 (Israr and Sahi, 2008) 
 

 
  

 4  
 

  Pocaceae, Leguminosae  
Cucurbitaceae  Pocaceae  Leguminosae 

  
   (Chouychai et al., 2012; Jidere et 

al., 2012; Lee et al., 2008; Li et al., 2002; Xu et al., 2010)  
Cucurbitaceae 

    (Campbell et al., 2009; Whitfield-Åslund et al., 2010) 
    

  
  

   
 4   

 
4.1   
  

 60   

  
   60  

 60  

 60  
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 50-55  
 

 
  

 
4.2  
  

 60  (P<0.05) 
  

18  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 18  73.1 
  ( )  ( )  45  

 

  
 65.7 . 12   2.58   60   
 

 49.0 . 9   1.36   60   (  1) 



40 

  60 

 
 (  2) 

  
 15.9 . 0.3   0.08  60   

 

  19 
 25   

45 
 

 50-55   
 26.0-29.6 .  45  

  60  (  1)  20 
 60  

 
 

 (  2) 
  

 
 
 
 
 
 
 
 
 

 
 
 

 19  73.1  
 ( )  ( )  ( )  

25  



41 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 20   
( )  ( )  ( )  60  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 21  73.1  
 ( )  ( )  ( )  60 
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  21  

 (  1  2) 
 
4.2  
  

  13.4-16.1, 14.2-
15.2  29.4-31.2   60   (  
3)  60 

   9.1-9.2, 
5.1-5.2  14.8   (  3) 
 

 
 1.6±1.2, 5.3±0.2  2.0±1.9   45 

  (  3) 
 19.8±1.4, 14.9±0.9  17.8±1.8  

  

 
 

  

 (  3) 
 
4.3  
 

 4 
 (bulk soil) 

     
 88.7, 68.6  69.7  60 

 45    4 
  27.2, 46.8  80.0 

   60, 60  45   
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 45   
85.4  60  (  4)  
 
4.4  
 

 (  4) 
  60 

 41.7  52.3 
  56.1 

 5  
 

 50.6  
 

  44 
 

36.8  
  20  

4 
 
4.5  
  

 34.4  
 25  

  5 
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 4  (rhizospheric soil) 
 (bulk soil)   

 60   
 

Plant  
Day 25 Day 45 Day 60 

 
   Rhizospheric soil 

 
14.5±2.0e* 

 
11.7±1.1e* 

 
11.3±0.9d* 

   Bulk soil  31.0±14.9d* 27.9±6.6de* 27.2±6.6cd* 
 

   Rhizospheric soil 
 

85.6±8.7ab 
 

30.3±8.2de* 
 

NA 
   Bulk soil  78.9±8.8b* 80.0±10.3b* NA 

 
   Rhizospheric soil 

 
50.6±11.1c* 

 
38.8±17.2d* 

 
31.4±5.3c* 

   Bulk soil  72.6±4.5b* 63.1±6.3c* 46.8±7.0c* 
 +     

    Rhizospheric soil  90.1±6.2ab 70.6±0.5bc* 62.9±7.3b* 
    Rhizospheric soil  86.6±15.0ab 54.1±4.5cd* NA 
    Bulk soil  83.1±1.6ab* 69.4±13.0bc* 63.2±6.9b* 

 +     
    Rhizospheric soil  91.4±24.6ab 47.4±4.9cd* 41.7±11.2c* 
    Rhizospheric soil  89.5±20.8ab 52.3±7.6cd* 52.3±9.8bc* 
    Bulk soil  98.4±11.5a 100.6±9.6a 56.1±13.3bc* 

 +     
    Rhizospheric soil  73.9±12.5b* 55.7±8.3c* NA 
    Rhizospheric soil  79.1±8.8b* 69.5±2.9bc* 49.4±7.2bc* 
    Bulk soil  90.7±24.7ab 90.8±16.8ab 80.0±1.8a* 

 ( ) 98.2±5.0a 98.3±5.6a 85.4±9.4a 

  71.3   

 (P<0.05) 
*

 0  (P<0.05) 
 NA   
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 5    
 25  

 
 

 
 

( /   / ) 
 

    
    +  
    +  

 
    
    +   
    +  

 
    
    +  
    +  

 
BD 

4.4 ± 0.0a 
BD 

 
14.3 ± 8.1a 
10.5 ± 4.0a 

BD 
 

18.1 ± 1.1a 
BD 

20.3 ± 2.2a 
 

    
   +  
   +  

 
    
    +   
    +  

 
    
    +  
    +  

 
BD 

0.2 ± 0.0c 
16.3 ± 5.5bc 

 
17.0 ± 5.9abc 
34.4 ± 11.0a 

BD 
 

22.6 ± 3.1ab 
17.1 ± 5.5abc 
8.1 ± 3.7bc 

 
 (P<0.05) 

 BD   (0.2 / )  
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  Avena sativa L. 
 Galicia  

 20,000  
 24  32   (Calvelo Pereira 

et al., 2006)  Phragmites australis  1.4-dichlorobenzene, 
1,2,4-trichlorobenzene -   bioconcentration factor 

 14, 19  15   7 
 (Migueal et al., 2013) 

       (Campbell et al., 
2009; Inui et al., 2008; Kobayashi et al., 2008; Otani and Seike, 2007; Parrish et al., 2006; 
Whitefield-Åuslund et al., 2007; Whitefield-Åuslund et al., 2010) 

 
 

 
 

 
 

(Gaskin et al., 2008; Kidd et al., 2008; Korade and Fulekar, 2009) 
  
phytostimulation 

    (Trifolium repens L.) 
 

 333  1,000 
 60  

 800  
 (Wang and Oyaizu, 2009) 

  36  
 414-498  

 5.4  (Xu et al., 2010)  
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    Eluesine coracana  

Brachiaria serrata  
 

 
 96  63  

  96  E. coracana 
 81 

 47 (Maila et al., 2005)  
 rape 

 
 rape  74.9  62.8  
 rape  72  68.4 
 70   

   
38.8-41.5  33.7-36.3  (Wei and Pan, 2010) 

 
 

 
 

 1.  (4 ) 
  

  100 
 

      
 10  

 

 
 2.  1-100 
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