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ABSTRACT 
 
Phytotoxicity and phytoremediation potential are important in plants like maize. The 

present study aims at developing a method to assess these two biochemical parameters. In 
the field, mature leaves of maize are known to metabolize methyl parathion (MP). A way 

to assess phytoremediation potential would be to isolate enzymes of p-nitrophenol (PNP) 
and MP metabolism. However growth studies in petri dish cultures were used to 
determine phytotoxicity of these pesticides. The study has also revealed some interes ting 

results with respect to phytotoxicity and phytoremediation potential when monocot crop 
plant maize was studied. The present paper reports these important characteristics of the 

plants and the role of PNP-hydroxylase and nitrite release. In maize, the phytotoxicity of 
hypocotyl was 33 % and roots were 77 %. Phytotoxicity studies revealed that both MP 
and PNP are not toxic to maize even at seedling level. So it is concluded that the 

phytoremediation potential for maize for PNP and MP is 100%. Since growth is 
stimulated it is surmised that phytoremediation potential of maize is due to presence of 

enzymes of metabolism of xenobiontics. We have demonstrated the activity of PNP-
hydroxylase in crude preparations from maize leaves.  
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INTRODUCTION 

 
Pesticide usage has increased persistence of pesticides and their contamination over the 

globe. Pesticides like methyl parathion though classified under restricted use by the 
Environmental Protection Agency (EPA) are continued to be used and are readily 
adsorbed to the soil, the compound is presumed not to contaminate the ground water 

(USDA, 1990). However, the metabolic fate of the pesticide in plant is not very well 
worked out. PNP is considered as a biomarker of MP (Dana, B. B. et al., 2002). 

Individuals exposed to MP show its rapid metabolism within the biological system to 
PNP. Surface breakdown of PNP occurs much faster but it reaches deeper into the soils 
and shows persistence, even in the ground waters. EPA (1980) has restricted its 

concentrations to <10 ng/ L in natural waters (Zheng, Y. et al., 2009).Detoxification and 
rapid removal of PNP is necessary (Bhatti, Z. et al., 2002). Using eco-friendly, cost 

effective methods for remediation is necessary to mitigate the crisis. It is of interest to 
know if certain plants can be used for pesticide detoxification.  To know and use such 

http://www.sciencedirect.com/science/article/pii/S1001074208624031
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plants for this purpose a method is needed to monitor the detoxification process of 
pesticides.   The present work describes phytotoxicity of methyl parathion (MP) and p-

nitrophenol (PNP).  Methyl parathion, an organophosphate pesticide as described earlier 
remains bound in the soil longer than expected. Its half- life is less than five days (Adhya, 

T.K. et al., 1981). The bound form of MP is not easily extractable and this unextractable 
load can be metabolized by plants like barley (Lichtenstein, E.P. et al., 1977). The fate of 
pesticide has been studied by Adhya and Lichtenstein (Adhya, T.K. et al., 1981; 

Lichtenstein, E.P. et al., 1977). 
The reason for choosing the present pesticides for the work is because of their extensive 

use in India and the contamination caused by them particularly in districts of Mandya 
(paddy belt), Karnataka (Agriculture today, July 2005). The metabolic fate of this 
pesticide has not been studied in plant systems, but the fate of PNP (biomarker of MP) 

has been studied extensively in soil microorganisms like Serratia sp. Pseudomonas sp. 
(Pakala, B. S. et al., 2006; Kulkarni, M. et al., 2006). The breakdown product of MP, 

PNP is also an insecticide but does not adsorb to soil particles instead it contaminates the 
ground waters (EPA, 1990). The paper describes PNP-4 hydroxylase enzyme in maize.  

 

MATERIALS AND METHODS 

 

Chemicals: Methyl parathion was from Bayer A.G Leverkusen, Germany; p-nitrophenol, 
hydroquinone, dithiothreitol and dimethyl tetrahydropteridine from Sigma Chemical Co., 
St. Louis, MO, USA.  N-(1-naphthyl) ethylenediamine dihydrochloride (NEDA) was 

from SD fine Chem., India 
 

Phytotoxicity studies 

Twenty seeds of maize were kept in each sterilized petri plates containing filter paper, 
two replicates were kept for each treatment for 96 h, each plate received 10 mL solution, 

light duration was for 12 hr using white light fluorescent tubes. Growth data was 
analyzed and the percentage of inhibition and stimulation was calculated in comparison 

with water, with respect to length of the primary root, length of hypocotyl and number of 
secondary roots. The chemicals used were methyl parathion (MP), p-nitrophenol (PNP) 
and hydroquinone (HQ). All chemical concentrations were tested at 10 mM. Percentage 

of phytotoxicity was calculated based on the range of growth inhibition expressed as 
percentage control. The concept of disease index (Huang Ertian, 2003) was used to 

calculate toxicity index by taking the total number of plant parts and number of chemicals 
used for the experiment; 
 

               

𝜮 𝑮𝒓𝒂𝒅𝒆𝒘𝒊𝒔𝒆  𝒓𝒆𝒑𝒓𝒆𝒔𝒆𝒏𝒕𝒂𝒕𝒊𝒗𝒆  𝒇𝒊𝒈𝒖𝒓𝒆  𝑿 𝒏𝒐 .𝒐𝒇  𝒅𝒊𝒔𝒆𝒂𝒔𝒆𝒅  𝒕𝒓𝒖𝒏𝒌𝒔  𝒊𝒏 𝒕𝒉𝒆 

𝒈𝒊𝒗𝒆𝒏  𝒈𝒓𝒂𝒅𝒆

𝑻𝒐𝒕𝒂𝒍  𝒏𝒐 .𝒐𝒇  𝒕𝒓𝒖𝒏𝒌𝒔  𝒊𝒏𝒔𝒑𝒆𝒄𝒕𝒆𝒅  𝑿 𝒉𝒊𝒈𝒉𝒆𝒔𝒕  𝒈𝒓𝒂𝒅𝒆  𝒓𝒆𝒑𝒓𝒆𝒔𝒆𝒏𝒕𝒂𝒕𝒊𝒗𝒆  𝒗𝒂𝒍𝒖𝒆
 

 

Toxicity index was calculated using the above formula and was found to 77%, 33% and 
11% for root, hypocotyl and secondary roots respectively.  
      

Nitrite estimation  

Soil samples treated with pesticide were checked for nitrite release. One gram of soil 

sample was dissolved in 5 mL distilled water and was mixed thoroughly. Two mL N-(1-
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naphthyl) ethylenediamine dihydrochloride (NEDA) reagent was added to the above 
filtered soil sample and OD was taken at 540 nm (8). 

 

 

Enzyme assay 

Fifteen-day-old plants were grown in containers, from which 5 g of plant tissue was 
weighed, homogenized in 15 mL Tris-HCl buffer (pH 7.2). The slurry was strained 

through a cheese cloth and solution was centrifuged at 31304 x g for 15 min using 
refrigerated centrifuge. The supernatant obtained was designated as crude enzyme, 

further partially purified and used as enzyme source. The standard reaction mixture 
contained 0.3 mL of enzyme, 0.2 mL of DTT (0.1 M stock), 0.2 mL of DMT (25.8 mM 
stock) and 0.2 mL of PNP (50 mM stock). The volume was made up to 2 mL with 

distilled water. Reaction mixture pH was adjusted using 0.1 M citrate-phosphate buffer to 
pH 5. The reaction was started by adding 0.2 mL of substrate PNP and was incubated for 

30 min in water bath at 30 0C. Reaction was terminated by adding 6 N HCl, 0.1 mL. After 
the reaction was terminated, the product HQ was spectrophotometrically estimated at 300 
nm. Protein in the crude enzyme was estimated by Lowry’s method (Lowry et. al, 1951). 

  

 RESULTS AND DISCUSSION 

 

Methyl parathion (O, O-Diethyl O-(4-nitrophenyl) phosphorothioate) is also known as 
parathion, parathion-ethyl or diethyl parathion, is an organophosphate pesticide which 
belongs to organothiophosphate group. It is a potent insecticide and acaricide as well. It 

was originally developed by IG Farben (Germany) in the 1940s. Reports show MP was 
detected in rice cultivation areas (Mecconi, M. et al., 1992). The permitted level of the 

pesticide for drinking water in around 50 ppb (Mecconi, M. et al., 1992; Jiries, J.A. et al., 
2004; Quintana, J. et al., 2004). Experiments were designed to study the toxicity levels, 
using pre-soaked maize in petri plates in controlled conditions. Earlier reported studies on 

phytotoxicity concerned the germination and growth in cucumber seedlings. A simple 
Student’s test was done for statistical significance. These studied were simple but time 

consuming, required the measurement of length and the number of roots in maize (data 
not shown). The system was quite suitable for water pollution studies. MP showed 
inhibitory effect on germination. Maize seeds when grown in PNP showed inhibition of 

growth of all three organs, similar results with cucumber seeds (Imrana, 2007).The 
concept of disease index (DI) was good enough to be used for measuring the 

phytotoxicity and renamed as toxicity index (TI), using transpiration as a tool. Toxicity 
index for plant parts of maize was 77, 33 and 11% for root, hypocotyl and secondary 
roots respectively (Figure 1). Maize showed a better uptake of pesticide which was 

proved by enzymatic degradation using crude extract (Table 1). 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Jiries%2C+A)
http://www.sciencedirect.com/science/article/pii/S0021967301011682
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 Figure 1 Toxicity Index (TI) for maize plant parts: Twenty maize seeds (Zea 

mays) each were kept in the sterilized petri plates containing filter paper. Two 
replicates were maintained for control and experimental set up. Ten mL 
solutions were added to each petri plates. These were kept in growth room 

temperature (24O C)  

 

Table 1 Assay of maize crude extract 

  Enzyme (crude)   

6, 7-Dimethyl-5, 6, 7, 8-

tetrahydropterine hydrochloride 

(DMT)  

 0.45  

Dithiothreitol (DTT)   10  

PNP (substrate)  50  

Incubation time 30 min  -  

Reaction termination 6N HCl  -  
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Nitrite release: Nitrite release experiments were done to confirm further product 
formation. The OD values at 540 nm showed increase in the presence of PNP with SM.  

SM promoted nitrite release and degradation of PNP and formation of HQ. SM inhibits 
nitrite release in the presence of MP but its degradation to PNP was observed. Studies in 
this chapter demonstrate that soil microorganisms carry out most of degradation MP, 

PNP and HQ within 24 hours. Any leftover compounds are taken up and metabolized by 
maize plants in roots and leaves. Methyl parathion binds to the soil, does not contaminate 

ground water. Metabolism of PNP to HQ occurs in soil. Soil microorganisms that are 
streptomycin sensitive are degrading PNP to HQ. This conversion has been demonstrated 
in soil and crude enzyme system of root and shoot of maize. Methyl parathion binds to 

soil, does not release nitrite whereas PNP releases nitrite in the soil. Hydroquinone too is 
degraded in the soil probably by ring cleavage. Same metabolism seems to operate both 

in roots and leaves of maize (Table 2) 

 

Table 2 Effect of Streptomycin (SM) on degradation and nitrite release, in soil 

spiked 

with 

MP, 

PNP 

and 

HQ. 

 

 

 
 

Mean of 0 and 24 hr OD of the soil solutions recorded at 400, 400 and 
300 nm respectively for MP, PNP and HQ. OD was used to calculate the 
percentage. HQ has no nitro group. The nitrite released may have come 

from reduction of nitrate in the soil to nitrite.  
 

CONCLUSION 

The experimental system and its application of toxicity index a monocot was good 

enough for studying growth in relation to pesticide phytotoxicity and measuring toxicity 
index.  The role of enzymes in pesticide detoxification in maize proved the role of crop 
plants in pesticide detoxification.  

 

 Percentage (%) 

  
 Degradation  Nitrite release 

   
 MP PNP HQ MP PNP HQ 

       

Unsterilised 

soil 

40.05 46.39 32.25 

 

6.5 35.57 -11.77 

       
Unsterilised 

soil + SM 

20.68 42.85 5.55 6.0 -3.125 8.312 
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