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6 Results and Discussion 

 

6.1 Isolation and molecular characterization of the isolates 

A total of 19 different bacterial strains were isolated by media enrichment technique utilizing 

pesticides as the sole source of carbon; carbon and nitrogen and carbon and sulphur. The soil 

sample was collected from the fields used for the cultivation of various cash crops, 

vegetables, fruits etc. The isolated bacterial strains were labelled as ACP1, ACP2, ACP3 in 

figure 2 (from acephate contaminated samples), GP1, GP2 and GP3 in figure 3 (from 

glyphosate contaminated samples), RK1, RK2, RK3 and RK4 in figure 4 (from atrazine 

contaminated samples), CB1, CB2, CB3, and CB4 in figure 5 (from carbendazim 

contaminated samples), MC1, MC2 and MC3 in figure 6 (from monocrotophos contaminated 

samples) and PR1 and PR2 in figure 7 (from phorate contaminated soils), respectively.  
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The very first step executed was the isolation of genomic DNA was done on 1.2% Agarose 

Gel, a single band of high-molecular-weight DNA has been observed. Fragment of 16S 

rDNA gene was amplified by PCR from the above-isolated DNA. A single discrete PCR 

amplicon band of 1500 bp was observed when resolved on Agarose Gel which was continued 

with the purification of PCR amplicon to remove the undue contaminants. Forward and 

reverse DNA sequencing reaction of PCR amplicon was carried out with 27F and 1492R 

primers using BDT v3.1 Cycle sequencing kit on ABI 3730xl Genetic Analyzer. The 

consensus sequence for rDNA gene was generated from forward and reverse sequence data 

using aligner software. The 16S rDNA gene sequence was used to carry out BLAST with the 

nrdatabase of NCBI genbank database. Based on maximum identity score first ten sequences 

were selected and aligned using multiple alignment software program Clustal W. Distance 

matrix was generated using RDP database and the phylogenetic tree was constructed using 

MEGA 4. 
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Identification based on 16S rRNA gene sequencing reveals that the bacterial isolates were 

Pseudomonas sp. ACP1, Pseudomonas sp ACP2, Pseudomonas sp ACP3, Streptomycetaceae 

bacterium RK1, Pseudomonas fluorescens strain RK2, Azotobacter chroococcum strain 

RK3, Rhizobium leguminosarum strain RK4, Actinomyces sp. CB1, Bacillus subtilis CB2, 

Pseudomonas aeruginosa CB3, Rhizobium leguminosarum CB4, Actinomyces sp. GP1, 

Bacillus subtilis GP2, Rhizobium leguminosarum GP3, Actinomyces sp. MC1, Bacillus 

subtilis MC2, Rhizobium leguminosarum MC3, Pseudomonas sp. PR_01 and Pseudomonas 

sp. PR_2 and the sequences were deposited in GeneBank under accession numbers shown in 

table 3. 

 

Table 3: Identification based on 16S rRNA sequencing with accession numbers 

deposited in NCBI database (GenBank) 

Isolates Codes Molecular Resemblance Accession Number 

1.  ACP1 Pseudomonas sp. ACP1 KP268769.1 

2.  ACP2 Pseudomonas sp ACP2 KP268770.1 

3.  ACP3 Pseudomonas sp ACP3 KP268771.1 

4.  RK1 Streptomycetaceae bacterium RK1 KJ206091.1 

5.  RK2 Pseudomonas fluorescens strain RK2 KJ466148.1 

6.  RK3 Azotobacter chroococcum strain RK3 KJ511860.1 

7.  RK4 Rhizobium leguminosarum strain RK4 KJ489410.1 

8.  CB1 Actinomyces sp. CB1 KJ854399.1 

9.  CB2 Bacillus subtilis CB2 KJ854400.1 

10.  CB3 Pseudomonas aeruginosa CB3 KJ854401.1 

11.  CB4 Rhizobium leguminosarum CB4 KJ854402.1 

12.  GP1 Actinomyces sp. GP1 KJ854403.1 

13.  GP2 Bacillus subtilis GP2 KJ854404.1 

14.  GP3 Rhizobium leguminosarum GP3 KJ854405.1 

15.  MC1 Actinomyces sp. MC1 KJ854396.1 

16.  MC2 Bacillus subtilis MC2 KJ854397.1 

17.  MC3 Rhizobium leguminosarum MC3 KJ854398.1 

18.  PR1 Pseudomonas sp. PR_01  KP268772.1 

19.  PR2 Pseudomonas sp. PR_2 KP268773.1 
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6.2 Biodegradation of pesticides 

 

6.2.1 Cell growth  

 

6.2.1.1 Bacterial cell growth of acephate degrading strains 

In biodegradation assay, more than 95% degradation of 1000 mg/L acephate was observed 

within 14 days, while the cell density in 7 days increased from 0.012 to 0.036 (OD at 600 

nm) in case of Pseudomonas sp. ACP1, 0.017 to 0.054 (OD at 600 nm) in Pseudomonas sp. 

ACP2 and 0.018 to 0.049 (OD at 600 nm) in Pseudomonas sp. ACP3, respectively. An 

increase in optical density (OD) at 600 nm has demonstrated the consumption of acephate as 

a source of carbon and phosphorus. With the addition 100 mg/L of Cu
++

 the cell density 

ranges in 7 days increased from 0.018 to 0.063 (OD at 600 nm) in case of ACP1, 0.021 to 

0.058 (OD at 600 nm) in ACP2 and 0.018 to 0.039 (OD at 600 nm) in ACP3.  

With the addition of 100 mg/L of Fe
++

 the rate of decomposition was approximately same as 

that of isolated strains + 1000 mg/L acephate experiment. Within 7 days, the cell density in 

case of Fe
++

 treated groups increased from 0.027 to 0.051 (OD at 600 nm) in case of ACP1, 

0.014 to 0.050 (OD at 600 nm) in ACP2 and 0.017 to 0.032 (OD at 600 nm) in ACP3. In 

humic acid treated samples, the cell density groups increased from 0.032 to 0.055 (OD at 600 

nm) in case of ACP1, 0.023 to 0.051 (OD at 600 nm) in ACP2 and 0.025 to 0.061 (OD at 600 

nm) in ACP3 (figure 8).  

Our study confirmed that all the isolated strains from acephate contaminated soils were 

capable of successfully removing acephate residues whilst the acephate is providing an 

energy source to them. These results indicate that further study on these organisms may help 

to understand the potential applications and metabolic versatility in bioremediation of 

acephate contaminated soil. Similar results were obtained by Ramu et al., (2014); Pinjari et 

al., (2012); Chai et al., (2010) in which the strains grown in minimal media supplemented 

with acephate achieves maximum growth. As the concentration of acephate was depleted in 

the minimal media solution, the growth rate slowed down reaching stationary phase, 

eventually reveal the declination of the cell density related to cell death. 
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6.2.1.2 Bacterial cell growth of atrazine degrading strains 

More than 98% of the 1000 mg/L of atrazine was mineralized after 7 days of incubation with 

Streptomycetaceae bacterium RK1. However, remaining three strains Pseudomonas 

fluorescens strain RK2, Azotobacter chroococcum strain RK3, and Rhizobium 

leguminosarum strain RK4 shows the significant utilization of atrazine but low as compared 

to RK1. All the isolated cultures show threshold increase in their growth from 3
rd

 day till 7
th

 

day. After 7 days of incubation, the relative growth of all the isolates starts decreasing. With 

the addition of Cu
++

, the growth was relatively low in RK1, RK2, and RK3 except for RK4. 

In case of Fe
++

 treated groups, all the isolates showed least relative absorbance except RK2. 
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With the addition of 100 mg/L of humic acid, the growth of all isolates sharply increased as 

mentioned in figure 9. 

Use of atrazine metabolites as carbon and nitrogen source was confirmed on the basis of the 

increase in optical density supplemented with 1000 mg/L. Our results obtained are similar to 

Yang et al., 2010; Singh et al., 2006; Radosevich et al., 1995, in which the strains utilizes 

atrazine as source of carbon and nitrogen up to a certain time period, the growth rate slowed 

down reaching stationary to cell death phase after certain period of time. 
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6.2.1.3 Bacterial cell growth of carbendazim degrading strains 

The bacterial isolates were evaluated for their ability to utilize carbendazim as the sole source 

of carbon and energy. Actinomyces sp. CB1 incubated with carbendazim, showed a threshold 

increase in optical density from 0.026 to 0.51 indicating consumption of carbendazim as a 

source of carbon and energy (Figure 10). With the addition of 100 mg/L of Cu
++

, the growth 

of Actinomyces sp. witnessed significant increase with a concomitant increase in carbendazim 

degradation as compared to carbendazim the only group. A similar pattern was observed with 

Fe
++

 and humic acid supplemented groups. In case of B. subtilis CB2, cell growth and 

carbendazim decomposition rate sharply increased when supplemented with Cu
++

, Fe
++

 and 

humic acid. Comparable growth kinetics and degradation patterns were observed with P. 

aeruginosa CB3 and R. leguminosarum CB4. 

These results were similar with the findings of Fang et al., 2010; Zhang et al., (2009) in 

which the isolated strains from carbendazim contaminated sites utilize carbendazim as a sole 

source of carbon and energy. A similar pattern of growth was observed in which growth rate 

increases, in the beginning, utilizing it as an energy source, then stationary and eventually 

reaches decline phase or death phase.  

 

6.2.1.4 Bacterial cell growth of glyphosate degrading strains 

The bacterial isolates were checked for their capability to utilize glyphosate as the sole source 

of carbon. Actinomyces sp. GP1 showed threshold increase in OD from 0.02 to 0.034 

demonstrating utilization of glyphosate as a source of carbon. With the addition of 100 mg/L 

of Cu
++

, the growth of Actinomyces sp. GP1 shows a significant increase as compared to 

glyphosate only. Similar patterns were observed with groups treated with Fe
++ 

and humic 

acid. In case of B. subtilis GP2 and R. leguminosarum GP3, cell growth and glyphosate 

degradation rate sharply increased when supplemented with Cu
++

, Fe
++

 and humic acid. 

Comparison of relative growth kinetics observed is displayed in figure 11. 

During the growth of all the isolates strains, the growth curves obtained were similar to S 

shape. The continuation of growth phase to log phase then to stationary phase depicts the 

utilization of the glyphosate as energy source rapidly.  Compared with the previous finding of 

Fan et al., (2012) there is threshold increase in optical density and these isolates has high 

environmental application and will be used for remediation of glyphosate contaminated sites. 
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6.2.1.5 Bacterial cell growth of monocrotophos degrading strains 

The ability of the isolated strains to utilize monocrotophos as a sole carbon source was 

demonstrated by bacterial growth on minimal media supplemented with 1000 mg/L of 

monocrotophos, achieving a maximal growth rate. As the concentration of monocrotophos 

was depleted, cell growth slowed and reached a stationary cell density, ultimately 

demonstrating the decline in density associated with cell death. At the same time, the 
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concentration of the metabolites (E)-methyl 4-(methylamino)-4-oxobut-2-en-2-yl 

methylphosphonate, dimethyl phosphate, dimethyl phosphonate, methyl phosphonate and 

acetic acid increased through the first 7 days of growth. Upon reaching its maximum, the 

concentration did not change during further incubation. More than 90% degradation of 

monocrotophos was observed within 7 days, while the cell density increased from 0.013 to 

0.037 (O.D. 600 nm). With the addition of 100 mg/L of Cu
++

, Fe
++

 and humic acid similar 

patterns of cell growth was observed in all the three isolates (Figure 12). 

 

This is the first report in which addition of monocrotophos utilized by the Rhizobium species 

as a sole source of carbon. Two other species of the genus Actinomyces and Bacillus were 

also capable of degrading monocrotophos when monocrotophos was provided to them as an 
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energy source. This observation was in agreement with previously published work of Jia et 

al., (2006) and Bhadhabde et al., (2002) and this growth curve will help us to understand how 

the isolated strains are involved in degradation of monocrotophos from environmental 

samples. 

 

6.2.1.6 Bacterial cell growth of phorate degrading strains 

More than 98% of the 1000 mg/L of phorate was mineralized after 7 days of incubation with 

both the species of the pseudomonad genus. However, all the isolated cultures show threshold 

increase in their growth from 3
rd

 day till 7
th

 day. After 7 days of incubation, the relative 

growth of all the isolates starts decreasing. With the addition of Cu
++

, the growth was 

relatively low in PR1 and PR2. In case of Fe
++

 treated groups, all the isolates show least 

relative absorbance except PR2. With the addition of 1000 mg/L of humic acid, the growth of 

all isolates sharply increased as mentioned in figure 13. 

 

Thus, the observed growth curves by the isolated strains corroborate well with the earlier 

studies of Bano and Mussarat (2003) in which phorate was used as energy source. Increase in 

OD depicts the utilization of phorate by the isolated strains as an energy source. Thus, the 

multifarious biodegradation by the isolated strains demonstrates the agronomic and 



50 
 

environmental significance of the isolates for their possible exploitation in phorate removal 

from environmental samples. 

 

6.2.2. Determination and degradation of pesticides metabolites 

6.2.2.1 Degradation of acephate and identification of metabolites by ESI-MS 

The mass/charge ratio (m/z) of acephate observed at m/z 183 i.e. {[M+H]+} and 

[M+H]+H2O at m/z 198, four other metabolites were characterized at metamidophos m/z at 

141, phosphoramic acid m/z ratio at 96, phosphenamide at m/z 78  and m/z 62. In addition, 

oxidation of the protonated acephate molecule at m/z 165, oxidation occurred during the 

ionization process resulting in a successive increase for first 7 days followed by a decrease in 

a peak at m/z 165 and OD at 600 nm. The percentage decrease in a peak at m/z 183 has 

confirmed that up to 14 days more than 95% acephate was decomposed. In case of ACP1, On 

3rd days, from the mass analysis studies partial decomposition of acephate was observed, that 

is acephate at m/z 183 (100%) was decomposed into m/z 141 (90%). On 7th days the 

acephate was decomposed into methamidophos at m/z 141 (78%), m/z phosphoramic acid at 

96 (27%), phosphenamide at m/z 78 (43%).and m/z 62 (34%). It was observed that on the 

14th days of the decomposition, acephate was totally decomposed into methamidophos at m/z 

141 (100%), and phosphenamide at m/z 78 (7%). In case of ACP2, on the 3
rd

 day, from the 

mass analysis studies partial decomposition of acephate was observed, that is acephate at m/z 

183 (100%) was decomposed into m/z 141 (87%). On 7th days the acephate was decomposed 

into methamidophos at m/z 141 (64%), m/z phosphoramic acid at 96 (62%), phosphenamide 

at m/z 78 (45%), and m/z 62 (22%). It was observed that on the 14th days of the 

decomposition, acephate was totally decomposed into methamidophos at m/z 141 (94%), and 

phosphenamide at m/z 78 (10%). In case of third isolated strain ACP3, On 3rd days, from the 

mass analysis studies partial decomposition of acephate was observed, that is acephate at m/z 

183 (100%) was decomposed into m/z 141 (91%). On 7th days the acephate was decomposed 

into methamidophos at m/z 141 (87%), m/z phosphoramic acid at 96 (40%), phosphenamide 

at m/z 78 (53%), and m/z 62 (43%). It was observed that on the 14th days of the 

decomposition, acephate was totally decomposed into methamidophos at m/z 141 (100%), 

and phosphenamide at m/z 78 (48%). Many bacteria have the potential to use specific 

pesticides as a sole of Carbon, phosphorous, nitrogen and Sulphur has been isolated (Ramu 

and Seetharaman 2014). The species of Pseudomonas have been isolated worldwide and 

some of them have shown positive results for degradation of acephate and its related 

compounds (Wang et al. 2010). The degradation pathway of acephate varies from species to 
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species suggesting two alternate degradation pathways. Some of the species follow the 

conversion of acephate to methamidophos which would be generated by Carboxyl esterase 

type enzyme and some acephate to O-methyl N- acetylphosphoramidate by the generation of 

phosphor-triesterase type enzyme to hydrolyse the bond of P-S (Singh and Walker 2006). 

In case of Cu
++

 supplemented groups, the rate, as well as mode of bio-decomposition, was 

faster than to that of isolated strains + 1000 mg/L acephate. The percentage decrease in a 

peak at m/z 183 has confirmed that up to 14 days and in the presence of Cu
++

 ion more than 

99% decomposition of acephate was observed. In case of ACP1, On 3rd days, from the mass 

analysis studies partial decomposition of acephate was observed, that is acephate at m/z 183 

(100%) was decomposed into m/z 141 (90%). On 7th days the acephate was totally 

decomposed into methamidophos at m/z 141 (24%), m/z phosphoramic acid at 96 (95%) and 

m/z 62 (100%). It was observed that on the 14th days of the decomposition, acephate was 

totally decomposed 

In second bacteria ACP2, On 3rd days, from the mass analysis studies partial decomposition 

of acephate was observed, that is acephate at m/z 183 (56%) was decomposed into m/z 141 

(100%). On 7th days the acephate was totally decomposed into phosphoramic acid at m/z 96 

(100%), and phosphenamide at m/z 78 (24%). It was observed that on the 14th days of the 

decomposition, acephate was totally decomposed. In case of third bacteria ACP3, On 3rd 

days, from the mass analysis studies partial decomposition of acephate was observed, that is 

acephate at m/z 183 (50%) was decomposed into m/z 141 (100%). On 7th days, drastically, 

the acephate m/z at 183 (82%) was totally decomposed into methamidophos at m/z 141 

(52%), m/z phosphoramic acid at 96 (74%) and m/z 62 (100%). It was observed that on the 

14th days of the decomposition, acephate was totally decomposed. 

Here the formation of the stable complex at m/z 96 most prominently due to Cu-SH2 

complex formation, which was confirmed by taking mass spectra of aliquot because it is a 

polar material. Here, phosphate to Cu complex formation was very consistent with a recent 

study of Yan et al., (2012), they reported that phosphate can promote the mineral dissolution, 

probably be due to the different affinities between metals (Fe>>Co>Ni>Cu) and phosphates. 

Preliminary studies have revealed that methamidophos and acephate highly persist on soils 

(Zhang et al. 2005; Battu et al. 2009). These are very toxic to soils microorganisms (Battu et 

al. 2009). 

As per HSAB principle, soft metal ion Cu
++

 interacted with soft ligand S and leads to the 

formation of the stable complex. The rate of decomposition of acephate was not inhibited by 

the presence of Cu
++

 because of its paramagnetic (d9) nature. Once Cu
++

 interacted with S, 
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the methyl group would be cleaved and trans effect would allow the retention of NH2 group 

with P and copper. In a net shell, Cu
++

 will facilitate the regular decomposition through -N-

CO- bond. Amongst the Co
++

, Cu
++

, Ni
++

, Pb
++

 and Zn
++

 divalent metals it was observed that, 

out of these metal ions, Most suitable rank was possessed by Cu
++

 for the following three 

catalytic mechanisms and also facilitated as the most efficient catalyst for the OPs (Blanchet 

and George 1982; Manzanilla-Cano 2004; Sarkouhi et al 2012). Due to the limitations 

associated with solubility at high pH, a decrease in the catalytic activity was observed for 

Cu
++

.  

In the presence of ferric ion (100 mg/L), the rate of bio-decomposition of acephate was 

decreased. The mode of decomposition was almost similar as that of without ferric ion. The 

percentage decrease in a peak at m/z 183 has confirmed that up to 14 days, acephate was 

decomposed.  

In humic acid supplemented groups, it was observed that acephate gets associated with humic 

acid, and become non-available to strain until maximum humic acid was not consumed by 

strain as a carbon source. That’s why only slow decomposition of acephate was observed up 

to 7 days. In case of ACP1, On 3rd days, from the mass analysis studies partial 

decomposition of acephate was observed, that is acephate at m/z 183 (100%) was 

decomposed into m/z 141 (85%). On 7th days the acephate was decomposed into 

methamidophos at m/z 141 (72%), m/z phosphoramic acid at 96 (58%) and m/z 62 (78%). It 

was observed that on the 14th days of the decomposition, acephate was totally decomposed 

into methamidophos at m/z 141 (53%), m/z phosphoramic acid at 96 (51%), m/z 78 (47%) 

and m/z 62 (91%). In second bacteria ACP2, On 3rd days, from the mass analysis studies 

partial decomposition of acephate was observed, that is acephate at m/z 183 (100%) was 

decomposed into m/z 141 (85%). On 7th days the acephate was decomposed into 

methamidophos at m/z 141 (68%), m/z phosphoramic acid at 96 (67%) and m/z 62 (57%). It 

was observed that on the 14th days of the decomposition, acephate was totally decomposed 

into methamidophos at m/z 141 (81%), and m/z 78 (3%). In case of ACP3, On 3rd days, from 

the mass analysis studies partial decomposition of acephate was observed, that is acephate at 

m/z 183 (100%) was decomposed into m/z 141 (85%). On 7th days the acephate was 

decomposed into methamidophos at m/z 141 (27%). It was observed that on the 14th days of 

the decomposition, acephate was totally decomposed into methamidophos at m/z 141 (88%), 

and m/z 78 (4%).  

The slow decomposition of acephate is attributed to using of humic acids as a carbon source 

by strain as well as binding of acephate with humic acid. This thing also confirms the 
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selectivity of microorganisms towards their energy resources. The cause behind the 

selectivity may be toxicity of acephate, the toxicity of acephate is far greater than humic acid. 

This fact is equally applicable to other xenobiotics, and this is an important finding in terms 

of future perspectives. 

Humic compounds are known as colloids that interact with pesticides through hydrogen 

bonding, charge transfer, hydrophobic bonding, and van der Waals bonding to form 

complexes of various stabilities (Beale et al 2013; Li et al 2003; Senesi 1992). Humic 

colloids are capable of absorbing both hydrophilic and hydrophobic compounds. Electron 

density and electro negativity play a crucial role in the binding mechanism of pesticides and 

humic acid. Results have suggested that in the water-soluble pesticides, HA attach because of 

the polar bonds and leads to the formation of H bonds prominently including dipole–dipole 

interactions (Senesi 1992). As per literature in the current study, the humic acid can form H-

bonding between the N-H/C=O/P=O group of acephate and COOH/O-H/N-H groups of 

humic acid (Piccolo and Celano 1994). The aggregation of the humic molecule with 

increasing OPs or acephate content is probably due to an increase in hydrogen bond 

interactions between the P=O and C=O groups of acephate and the humic polymer (Miano 

and Sensei 1992). It was observed in past that the aggregation take place at a slower pace 

when is pH 4 and 5 whereas the pace is sharply increased by increasing pH (~8) where 

complete aggregation is achieved in 30 min (Brigante et at 2009). It was also observed that 

presence of monocarboxylic acids and anionic pesticides significantly increase the dissolution 

rate (Brigante et at 2009; Miano and Sensei 1992).  
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Table 4: Bio-decomposition behaviour of Acephate with Pseudomonad sps and different metabolites produced during degradation 

(methamidophos, phosphoramic acid, Phosphenamide) after 3, 7 and 14 days of degradation by ESI-MS 

 
Metabolites observed after degradation at different time intervals (ESI-MS) 

Treatment  3 days 7 days 14 days 

Pseudomonas sp. ACP_01 

 + 1000mg/L acephate 

Methamidophos 

m/z at 141 (90%) 

Methamidophos m/z at 141 (78%), Phosphoramic 

acid m/z at 96 (27%), Phosphenamide m/z at 78 

(43%) and m/z at 62 (34%). 

Methamidophos m/z at 141 (100%), and 

phosphenamide m/z at 78 (7%).  

Pseudomonas sp. ACP_02 

+ 1000mg/L acephate 

Methamidophos 

m/z at 141 (87%). 

Methamidophos m/z at 141 (64%), Phosphoramic 

acid at m/z 96 (62%), Phosphenamide m/z at 78 

(45%), and m/z at 62 (22%). 

Methamidophos m/z at 141 (94%) and 

phosphenamide m/z at 78 (10%). 

Pseudomonas sp. ACP_03 

+ 1000mg/L acephate 

Methamidophos 

m/z at 141 (91%). 

Methamidophos m/z at 141 (87%), Phosphoramic 

acid m/z at 96 (40%), Phosphenamide m/z at 78 

(53%), and m/z at 62 (43%). 

Methamidophos m/z at 141 (100%) and 

Phosphenamide m/z at 78 (48%). 

Pseudomonas sp. ACP_01 

 + 1000mg/L Acephate + 100 mg/L Cu
++

 

Methamidophos 

m/z at 141 (90%). 

Methamidophos m/z at 141 (24%), Phosphoramic 

acid m/z at 96 (95%) and m/z at 62 (100%). 

Totally decomposed. 

Pseudomonas sp. ACP_02  

+ 1000mg/L Acephate + 100 mg/L Cu
++

 

Methamidophos 

m/z at 141 (100%). 

Phosphoramic acid m/z at 96 (100%), and 

Phosphenamide m/z at 78 (24%). 

Totally decomposed 

Pseudomonas sp. ACP_03 

+ 1000mg/L Acephate + 100 mg/L Cu
++

 

Methamidophos 

m/z at 141 (100%). 

Methamidophos m/z at 141 (52%), Phosphoramic 

acid m/z at 96 (74%) and m/z at 62 (100%). 

Totally decomposed 

Pseudomonas sp. ACP_01 

 + 1000mg/L Acephate + 100 mg/L Fe
++

 

Methamidophos 

m/z at 141 (85%). 

Methamidophos m/z at 141 (64%), Phosphoramic 

acid m/z at 96 (69%) and m/z at 62 (85%). 

Methamidophos m/z at 141 (100%), and  

Phosphenamide m/z at 78 (3%). 

Pseudomonas sp. ACP_02 

+ 1000mg/L Acephate + 100 mg/L Fe
++

 

Methamidophos 

m/z at 141 (85%). 

Methamidophos m/z at 141 (64%), Phosphoramic 

acid m/z at 96 (43%) and m/z at 62 (65%). 

Methamidophos m/z at 141 (61%), Phosphoramic 

acid m/z at 96 (47%), Phosphenamide m/z at 78 

(47%) and m/z at 62 (65%). 

Pseudomonas sp. ACP_03 

 + 1000mg/L Acephate + 100 mg/L Fe
++

 

Methamidophos 

m/z at 141 (85%). 

Methamidophos at m/z 141 (57%), Phosphoramic 

acid m/z at 96 (45%) and m/z at 62 (33%). 

Methamidophos m/z at 141 (100%), and 

Phosphenamide  m/z at 78 (4%). 

Pseudomonas sp. ACP_01 

+ 1000mg/L Acephate + 100 mg/L HA 

Methamidophos 

m/z at 141 (85%). 

Methamidophos at m/z 141 (72%), Phosphoramic 

acid m/z at 96 (58%) and m/z at 62 (78%). 

Methamidophos at m/z 141 (53%), Phosphoramic 

acid m/z at 96 (51%), m/z at  Phosphenamide 78 

(47%) and m/z 62 (91%). 

Pseudomonas sp. ACP_02 

+ 1000mg/L Acephate + 100 mg/L HA 

Methamidophos 

m/z at 141 (85%) 

Methamidophos m/z at 141 (68%), Phosphoramic 

acid m/z at 96 (67%) and m/z at 62 (57%). 

Methamidophos at m/z 141 (81%), and m/z at 78 

(3%). 

Pseudomonas sp. ACP_03 

+ 1000mg/L Acephate + 100 mg/L HA 

Methamidophos 

m/z at 141 (85%). 

Methamidophos m/z at 141 (27%). Methamidophos m/z at 141 (88%), and  

Phosphenamide m/z at 78 (4%). 
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6.2.2.2 Degradation of atrazine and identification of metabolites by GC-MS 

The mass/ charge ratio (m/z) of atrazine observed at m/z 200 i.e. {[M+H]+} with retention 

time of 19.363 min. Two different metabolites were formed by all the isolated bacterial 

cultures after 7 days of degradation and were identified with mass charge ratio of 120 (M+1) 

and 63 and two other major metabolites were characterized and identified as ((ethylamino) 

methylamino)methanediol m/z at 120, and aminomethanediol at m/z 63. Oxidation occurred 

during ionization process the oxidation takes place which showed a successive increase for 

first 7 days followed by peak declination at m/z 200 and OD at 600 nm. Percentile peak 

declination at m/z 200 has confirmed that up to 7 days more than 95% atrazine was 

decomposed. In all isolated bacteria Streptomycetaceae bacterium RK1, Pseudomonas 

fluorescens strain RK2, Azotobacter chroococcum strain RK3 and Rhizobium leguminosarum 

strain RK4 same major metabolites were formed. The only difference is in their degradation 

percentage of major compound and formation of new compounds. In case of 

Streptomycetaceae bacterium RK1, the percentile peak declination at m/z 200 resulted as the 

formation of two metabolites (ethylamino)methylamino) methanediol m/z at 120 (8%) and 

aminomethanediol at m/z 63 (80%). With the addition of Cu
++

 and humic acid, the 

degradation percentage was very low (58% and 35% decrease in major peak m/z at 200). In 

Fe
++

 supplemented groups, the degradation percentage was higher almost 93% decrease in 

base peak.  

Our findings indicated highest degradation of atrazine were common by the two isolates 

Streptomycetaceae bacterium RK1 and Pseudomonas fluorescens strain RK2 (98%) followed 

by Azotobacter chroococcum strain RK3 (95%) and Rhizobium leguminosarum strain RK4 

(92%) on the incubation of 7 days showed the formation of same metabolites of different 

percentages. Effect of Cu
++

 on the degradation of atrazine is quite similar only in case of 

Azotobacter chroococcum strain RK3 and Rhizobium leguminosarum strain RK4 as 

compared to the un-supplemented group. The degradation percentage after 7 days were 

highest in Pseudomonas fluorescens strain RK2 (95%) > Azotobacter chroococcum strain 

RK3 (81%) > Rhizobium leguminosarum strain RK4 (78%) > and in Streptomycetaceae 

bacterium RK1 (58%). Effect of Fe
++

 on the degradation of atrazine was examined under the 

same circumstances and found that the degradation percentage was highest in 

Streptomycetaceae bacterium RK1 (82.46%) after 7 days as compared to other isolates 

Pseudomonas fluorescens strain RK2 (80%), Azotobacter chroococcum strain RK3 (72%) 

and Rhizobium leguminosarum strain RK4 (67%). Effect of humic acid on biodegradation of 

atrazine was found under the same circumstances and found the degradation percentage was 
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highest in Pseudomonas fluorescens strain RK2 (92%), Azotobacter chroococcum strain RK3 

(88%), Rhizobium leguminosarum strain RK4 (44%) and Streptomycetaceae bacterium RK1 

(35%).  

This is the first study on atrazine interactions with metal ions and soil humic acid. Since 

atrazine contains NH, Cl and CH3 coordinating sites, it is expected that it is involved in 

interaction with soil metal ions and soil humic contents. Atrazine can be degraded and 

detoxified rapidly by bacterial strains. In previous studies, some microbial species of Bacillus 

subtilis Strain HB-6 (Wang et al., 2014) Arthrobacter sp (Wang et al., 2013) E. cloacae 

strain JS08 (Solomon et al., 2013) Arthrobacter strain DNS 10 (Zhang et al., 2011) 

Arthrobacter sp. T3AB1 (Liu et al., 2010) Klebsiella sp. A1 Comamonas sp.A2 (Yang et al., 

2010) Arthrobacter sp. GZK-1 (Getenga et al., 2009) showed degradation of atrazine showed 

degradation of atrazine under experimental and environmental conditions. Dechlorination, 

dealkylation and deamination are known to be the major routes for atrazine transformation. 

Some bacteria initiate degradation of atrazine involving the enzyme atrazine chlorohydrolase 

through the mechanism of hydrolytic dechlorination. Aminohydrolases catalyse two 

hydrolytic deamination reactions that hydroxyatrazine undergoes; N-isopropylammelide 

(Geetenga et al. 2009; Qinggyan et al. 2008) or N-ethylammelide (Topp et al. 2000) is 

formed as the intermediate metabolites.  These ammelides are finally converted to cyanuric 

acid (Yang et al. 2010).  Another route followed for atrazine degradation is N-dealkylation of 

the lateral ethyl and isopropyl chains to deethylatrazine, deisopropylatrazine, and 

deethyldeisopropylatrazine (Wang et al. 2011). These dealkylated atrazine metabolites 

undergo hydroxylation and cyanuric acid is formed as the ultimate metabolite (Vaishampayan 

et al., 2007). Atrazine contain one or more binding sites and they may interact with an 

essential metal ion of soil, organic matter etc (Trevisan et al., 2010). The interactions of the 

atrazine with soil at the molecular level are central to their bioavailability, bioaccumulation, 

and transport in the environment (Kutman et al. 2013). 
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Table 5: Fragmentation of atrazine into different metabolites after 7 days incubated with 

different isolated strains 

Treated groups (atrazine (Atr) 

used 1000mg/L, metal ions (Cu
++ 

and Fe
++

 used 100mg/L and HA 

used 100mg/L) 

Fragmentation into major metabolites in % age at 

given m/z after 7 days 

Atrazine  

m/z = 200 

(Ethylamino)methylami

nomethanediol m/z = 

120 

Aminomethanediol 

m/z = 63 

Streptomycetaceae RK1 +Atr 1.89% 8.18% 80.15% 

Streptomycetaceae RK1 +Atr +Cu
++

 42% 29% 17% 

Streptomycetaceae RK1 +Atr +Fe
++

 7% 16% 51% 

Streptomycetaceae RK1 +Atr+HA 65% 15% 11% 

    

P.fluorescens strain 2+Atr 2% 22% 71% 

P.fluorescens strain 2+Atr +Cu
++

 5% 43% 41% 

P.fluorescens strain 2+Atr +Fe
++

 20% 43% 23% 

P.fluorescens strain 2+Atr +HA 8% 54% 14% 

    

A. chroococcum  RK3+Atr 5% 6% 80% 

A. chroococcum  RK3+Atr + Cu
++

 19% 13% 55% 

A. chroococcum  RK3+Atr +Fe
++

 28% 14% 38% 

A. chroococcum  RK3+Atr +HA 12% 33% 40% 

    

R. leguminosarum RK4+Atr 8 % 16% 87% 

R. leguminosarum RK4+Atr +Cu
++

 42% 33% 61% 

R. leguminosarum RK4+Atr +Fe
++

 36% 54% 47% 

R. leguminosarum RK4+Atr +HA 35% 41% 53% 

 

6.2.2.3 Degradation of carbendazim and identification of metabolites by HPLC 

Degradation of carbendazim by bacterial isolates CB1 to CB4 was determined in minimal 

salts media at a concentration of 1000 mg/L. Our finding indicates the highest degradation of 

carbendazim (73.73%) by P. aeruginosa CB3 followed by CB2 (65.69%), CB1 (59.04%) and 

CB4 (55.29%) after 3 days incubation (Fig.14). On the other hand, the longer incubation 

period of 7 days resulted in highest degradation in CB1 (91.65%) followed by CB3 (87.35%), 

CB2 (81.85%) and CB4 (76.54%) (Fig. 15). Effect of Cu
++ 

on the degradation of carbendazim 

is quite high as compared to unsupplemented group (Fig 14 and 15). The degradation 

percentage after 3 days were highest in isolate CB3 (93.73%) > CB1 (86.72%) > CB2 

(85.4%) > and in CB4 (83%). After 7 days of incubation, maximum degradation of 

carbendazim was manifested by in CB3 (94.92%) followed by CB2 (89.61%), CB1 (87.89%) 

and least by CB4 (76.54%). These findings were in agreement with HPLC analyses (Fig. 16 

A-D). 
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Effect of Fe
++

 on the degradation of carbendazim was examined under the same 

circumstances and found that the degradation percentage was highest in CB3 (82.46%) after 3 

days as compared to other isolates CB2 (78.42%), CB1 (75.24%) and CB4 (57.85%). After 

an incubation of 7 days the degradation percentage was highest in CB1 (95.54%), CB3 

(89.89%), CB2 (87.85%) and CB4 (79.47%). Addition of humic acid results in the removal 

of carbendazim at a slower rate after 3 days. The degradation percentage was highest in CB1 

(82.18%), CB3 (81.9%), CB2 (67.33%) and CB4 (45.36%). After 7 days the degradation was 

highest in CB2 (98.92%) as compared to CB1 (94.92%), CB3 (92.12%) and CB4 (61.26%). 

These results indicate that the degradation was enhanced by the addition of Cu
++

, Fe
++

 and 

humic acid in the reaction mixture. More than 98% of carbendazim were removed from the 

samples by the addition of humic acid after incubation for 7 days. 

Our result indicates that carbendazim can be degraded and detoxified rapidly by bacterial 

strains. In previous studies, some species of Rhodococcus (Holtman and Kobayashi 1997 

Zhang et al. 2013; Wang et al. 2010a,b; Xu et al. 2006; Xu et al. 2007; Jing-Liang et al. 2006; 

Xiao et al. 2013) Pseudomonas (Sun et al. 2014; Pandey et al. 2010; Fang et al. 2010; 

Kalwasinska et al. 2008a; Kalwasinska et al. 2008b) and Bacillus (Salunkhe et al. 2014) 

showed degradation of carbendazim under environmental and experimental conditions. They 

cleaved methyl carbamate side chain of carbendazim parent structure leading to the 

generation of 2-amino-benzimidazole, benzimidazole and 2-hydroxybenzimidazole 

derivatives. Encouragingly, the newly isolated strains endowed with superior bioremediation 

of carbendazim up to a concentration of 1000 mg/L under experimental conditions. Chemical 

control agents (insecticides, herbicides, fungicides) when applied to crops, interact with soil 

humates, clays and essential metal ions resulting in low mobility and less accessibility for 

microbial degradation (Beddington 2010; Caceres et al. 2010; Long et al. 2004). Pesticides 

may contain one or more than one coordination sites, and they can interact with metal ions of 

soil’s (bounded metal ions or free metal ions), soils oxides, organic matter, etc. The 

interactions of the pesticides in soil at the molecular level are central to their bioavailability, 

bioaccumulation, and transport in the environment (Kutman et al. 2013; Huyee and Keiter 

2009). There are limited studies on carbendazim interactions with metal ions and soil humic 

acid. Since carbendazim contains NH and CH3 coordinating sites, it is expected that it is 

involved in interaction with soil metal ions and soil humic contents.  

Metal ions and humic acid are known to form a complex with carbendazim and enhance its 

degradation as per as our assumption. Cu
++ 

exhibited maximum degradation of carbendazim 

as compared to control and other samples because Cu has the ability to decompose CBZ 
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through chemical decomposition due to its paramagnetic nature and complex formation 

ability as compared to other metal ions, whereas after 7 days, humic acid plays an essential 

role in the removal of carbendazim from the samples. Hence, the addition of Fe
++

, Cu
++

 and 

humic acid enhances the capability of bacterial isolates to exert degradation of carbendazim. 

Mechanistically, it is assumed that Fe
++

, Cu
++

 and humic acid blocks the active sites of 

carbendazim and thus enhances its availability for bacterial catabolism. As we know, Humic 

Acid (HA) is a bulky molecule, initially, carbendazim (CBZ) gets interacted with it and make 

complex suitable for decomposition by microorganisms. HA interacts with CBZ and thus, can 

reduce the toxicity of CBZ due to hydrogen and Van der Waals interactions. As the all four 

bacterial strains exhibited the ability to survive and grow on carbendazim alone without the 

need for any supplements, it makes them ideally suitable for bioremediation under natural 

conditions. Therefore, the isolated strains definitely play a possible bioremediation role in the 

areas contaminated by carbendazim. Our study confirmed that the isolated strains were 

capable to remove carbendazim residues under various conditions by a high percentage. 

 

 

Figure 14: Degradation (%) of carbendazim (CB) by bacterial isolates inoculated singly and 

co-supplemented with Cu
++

 (CuCl2) Fe
++

 (FeCl2) and humic acid (HA) on day 3.  

Where CB1 = Actinomyces sp. CB1, CB2 = Bacillus subtilis CB2, CB3 = Pseudomonas 

aeruginosa CB3, CB4 = Rhizobium leguminosarum CB4. 
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Figure 15: Degradation (%) of carbendazim (CB) by bacterial isolates inoculated singly and 

co-supplemented with humic acid (HA), Cu
++

 (CuCl2) and Fe
++

 (FeCl2) on day 7 (B)  post-

inoculation. 

Where CB1 = Actinomyces sp. CB1, CB2 = Bacillus subtilis CB2, CB3 = Pseudomonas 

aeruginosa CB3, CB4 = Rhizobium leguminosarum CB4. 
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Figure 16 (A): HPLC analysis of carbendazim degradation (1000 mg/L) by Actinomyces sp. 

CB1 in minimal salts medium. (i) Actinomyces sp. CB1 on days 3, 7 post-inoculation. (ii) 

Actinomyces sp. CB1 supplemented with 100 mg/L Cu
++

 on days 3, 7 post-inoculation. (iii) 

Actinomyces sp. CB1 in minimal salts medium supplemented with Fe
++

 on days 3, 7 post-

inoculation. (iv) Actinomyces sp. CB1 in minimal salts medium supplemented with Humic 

Acid on days 3, 7 post-inoculation. 

Figure 16 (B): HPLC analysis of carbendazim degradation (1000 mg/L) by Bacillus subtilis 

CB2 in minimal salts medium. (i) Bacillus subtilis CB2 on days 3, 7 post-inoculation. (ii) 

Bacillus subtilis CB2 supplemented with 100 mg/L Cu
++

 on days 3, 7 post-inoculation. (iii) 

Bacillus subtilis CB2 in supplemented with Fe
++

 on days 3, 7 post-inoculation. (iv) Bacillus 

subtilis CB2 supplemented with Humic Acid on days 3, 7 post-inoculation. 
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Figure 16 (C): HPLC analysis of carbendazim degradation (1000 mg/L) in minimal salts 

medium. (i) Pseudomonas aeruginosa CB3 on days 3, 7 post-inoculation. (ii) Pseudomonas 

aeruginosa CB3 along with 100 mg/L Cu
++

 on days 3, 7 post-inoculation. (iii) Pseudomonas 

aeruginosa CB3 along with Fe
++

 on days 3, 7 post-inoculation. (iv) Pseudomonas aeruginosa 

CB3 along with Humic Acid on days 3, 7 post-inoculation. 

Figure 16(D): HPLC analysis of carbendazim degradation (1000 mg/L) by Rhizobium 

legumonisarum CB4 in minimal salts medium. (i) Rhizobium legumonisarum CB4 on days 3, 

7 post-inoculation (ii) Rhizobium legumonisarum CB4 supplemented with 100 mg/L Cu
++

 on 

days 3, 7 post-inoculation. (iii) Rhizobium legumonisarum CB4 supplemented with Fe
++

 on 

days 3, 7 post-inoculation. (iv) Rhizobium legumonisarum CB4 supplemented with Humic 

Acid on days 3, 7 post-inoculation. 

 

Table 6: Effective degradation after three and seven days respectively, observed against 

fungicide carbendazim (1000 ppm) by bacterial isolates inoculated singly and co-

supplemented with Cu
++

, Fe
++

 and humic acid (100ppm) and metal ions 

 

Isolates Purity of 

sample 

Standard 

area 

Area after 

3 days 

Area after 

7 days 

Degradation 

after 3 days 

Degradation 

after 7 days 

CB1 98.0% 35201314 14715681 2999342 59.04% 91.65% 

CB1 + Cu
++

 98.0% 35201314 4770983 4352095 86.72% 87.89% 

CB1 + Fe
++

 98.0% 35201314 8777869 1605171 75.24% 95.54% 

CB1 + HA 98.0% 35201314 6402374 1825419 82.18% 94.92% 

CB2 98.0% 35201314 12325046 6521176 65.69% 81.85% 

CB2 + Cu
++

 98.0% 35201314 5245243 3732349 85.4% 89.61% 

CB2 + Fe
++

 98.0% 35201314 7754159 4364414 78.42% 87.85% 

CB2 + HA 98.0% 35201314 11736166 3390967 67.33% 98.92% 

CB3 98.0% 35201314 9439289 4546649 73.73% 87.35% 

CB3 + Cu
++

 98.0% 35201314 2255779 1827485 93.73% 94.92% 

CB3 + Fe
++

 98.0% 35201314 6302467 3632421 82.46% 89.89% 

CB3 + HA 98.0% 35201314 6503247 2832715 81.9% 92.12% 

CB4 98.0% 35201314 16061565 8426782 55.29% 76.54% 

CB4 + Cu
++

 98.0% 35201314 6108775 4202195 83% 88.31% 

CB4 + Fe
++

 98.0% 35201314 15142333 7374383 57.85% 79.47% 

CB4 + HA 98.0% 35201314 19627779 13917767 45.36% 61.26% 

CB1 - Actinomyces sp.; CB2 - Bacillus subtilis; CB3 - Pseudomonas aeruginosa and CB4 - 

Rhizobium leguminosarum; Cu - Copper; Fe - Iron and HA - Humic acid 
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Where CB1, CB2, CB3 and CB4 are different bacterial isolates. The degradation percentage 

was calculated by the given formula  

 

 

6.2.2.4 Degradation of glyphosate and identification of metabolites by ESI-MS 

Microbial degradation of glyphosate by GP1, GP2 and GP3 was studied in different 

experimental conditions. Our findings revealed the highest degradation of glyphosate by R. 

leguminosarum GP3 followed by B. subtilis GP2 (95%) and Actinomyces sp. GP1 (73%). 

After 7 days, the Actinomyces sp. GP1 decomposes 73% of the glyphosate into methyl 

phosphonic acid; m/z 97 (100%), and phosphoric acid; m/z 79 (47%). In B. subtilis GP2, the 

degradation was comparable high as 95% glyphosate was converted into methyl phosphonic 

acid; m/z 97 (100%), and phosphoric acid; m/z 79 (87%). In R. leguminosarum GP3, it was 

observed that on the 7 days of degradation, glyphosate was 95% decomposed into methyl 

phosphonic acid; m/z 97 (93%), and phosphoric acid; m/z 79 (100%) can be depicted in 

Table 6. Effect of Cu
++ 

on the degradation of glyphosate was examined under the same 

conditions and found the degradation % was highest in Actinomyces sp. GP1 (97%) after 7 

days as compared to B. subtilis GP2 (95%) and R. leguminosarum GP3 (95%).  In case of 

Actinomyces sp. GP1, On the 7
th

 day, 97% degradation of glyphosate was observed i.e. 

glyphosate at m/z 169 (100%) was decomposed into methyl phosphonic acid; m/z 97 (100%) 

and phosphoric acid; m/z 79(51%). In B. subtilis GP2, 95% degraded glyphosate was 

converted into methyl phosphonic acid; m/z 97 (100%), and phosphoric acid; m/z 79 (53%). 

In R. leguminosarum GP3, it was observed that on day7, 95% glyphosate was decomposed 

into methyl phosphonic acid; m/z 97 (96%), and phosphoric acid; m/z 79 (100%). Mass 

spectrum of glyphosate degradation supplemented with copper (Cu
2+

), iron (Fe
2+

) and humic 

acid (HA) by screened rhizobacteria are presented in figure 17. 

In the presence of a ferric ion, the rate of biodegradation of glyphosate was normal. The 

mode of degradation was almost similar to that of without ferric ion. The percentage decrease 

in a peak at m/z 169 has confirmed that up to 7 days; more than 85 to 97% of the glyphosate 

was decomposed by the bacterial isolates. 

In case of Actinomyces sp. GP1, On 7
th

 day, from mass analysis studies, 97% degradation of 

Glyphosate was observed, that is Glyphosate at m/z 169 (100%) was decomposed into methyl 

phosphonic acid; m/z 97 (100%) and phosphoric acid; m/z 79(49%). In B. subtilis GP2, 88% 

degraded glyphosate was converted into methyl phosphonic acid; m/z 97 (100%), and 
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phosphoric acid; m/z 79 (95%). In R. leguminosarum GP3, it was observed that on the 7 days 

of degradation, Glyphosate was 93% decomposed into methyl phosphonic acid; m/z 97 

(100%), and phosphoric acid; m/z 79 (91%). 

In the presence of humic acid, biodegradation of glyphosate witnesses significant increase 

with a concomitant increase in glyphosate degradation ranging from 93% to 98%. In case of 

Actinomyces sp. GP1, on day 7, 98% degradation of glyphosate was observed i.e. glyphosate 

at m/z 169 (100%) was decomposed into methyl phosphonic acid; m/z 97 (100%) and 

phosphoric acid; m/z 79 (73%). In B. subtilis GP2, 93% degraded glyphosate was converted 

into methyl phosphonic acid; m/z 97 (93%), and phosphoric acid; m/z 79 (100%). In R. 

leguminosarum, it was observed that on the 7 days of degradation, Glyphosate was 95% 

decomposed into methyl phosphonic acid; m/z 97 (100%), and phosphoric acid; m/z 79 

(95%) (Fig. 17). 

Three effective bacterial strains were isolated, screened and purified through selective 

enrichment method capable of degrading glyphosate. Sequence homology of these isolated 

strains through 16S rRNA sequencing resembles with Actinomyces sp., Bacillus subtilis and 

Rhizobium leguminosarum. To the best of my knowledge, this is the first report on the 

degradation of glyphosate by these three isolates. Further, all the strains were checked out to 

confirm the growth on minimal media and activity against biodegradation of glyphosate. The 

degradation pathway in this study shared the same initial step as earlier reported (Fan et al. 

2012), but two other different metabolites were observed at different m/z values of 97 and 79 

and which were identified as methyl phosphonic acid and phosphoric acid. Only a few reports 

regarding glyphosate degradation have been published so far. It includes Arthrobacter sp. 

strain GLP-1, Pseudomonas sp. strain PG2982, E. coli and Bacillus cereus (Kent-Moor et al. 

1983; Pipke and Amrhein, 1988; Fan et al. 2012). However, these three above mentioned 

strains can degrade glyphosate at a concentration of 1000 mg/L in minimal media. Due to the 

debate in sensitivity between microbial populations, glyphosate could derange the microbial 

community (Kruger et al. 2013, Shehata et al. 2014). Moreover, humic acid neutralizes the 

anti-microbial effect of glyphosate also. 

The formation of aggregations through different interactions between pesticide, metal ions 

and humic acid, increase the stability of pesticide-humic acid complex or pesticide metal 

complex and change the conformations of pesticide as a result of which the lifespan of 

pesticide increases. Few results have indicated that humic-pesticide or metal pesticide 

interactions can abate the toxicity of agricultural chemicals (Wu and Laird 2004; Wuana and 

Okieimen 2011). They observed that humic acid significantly reduced the toxicity of 
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chlorpyrifos, carbofuran and azinophos-methyl, while humic acid enhances the toxicity was 

observed with carbaryl and methyl parathion. This was the first study on glyphosate 

interactions with metal ions and soil humic acid. Since glyphosate contains NH, P and O 

coordinating sites, it is expected that it can be involved in strong interaction with soil metal 

ions and soil humic contents. Glyphosate behaves as a strong ligand, the interaction between 

humates and essential metal ions are chemically thermodynamically four-membered rings. 

That’s why there is a huge difference between the degradation percentage of the untreated 

and treated groups. Metal ions and humic acid play vital role in the degradation of 

glyphosate. Cu
++

 degrades maximum percentage of the glyphosate as compared to normal 

and other samples, whereas after 7 days humic acid takes over an essential role in the 

removal of glyphosate from the samples. Hence, the addition of metal ions (Cu
++ 

and
 
Fe

++
) 

and humic acid increases the efficacy of the strains to degrade the glyphosate more rapidly. 

These metal ions and humic acids block the active sites of the glyphosate and make it 

available to the bacteria to be used as a source of energy. Simultaneously, due to the blocking 

of active sites as well as a change in conformation results in a reduction of toxicity towards 

the various microorganisms (Shehata et al. 2014), she also named this process as, 

neutralization effect by humic acid. The interactions of the pesticides with soil at the 

molecular level are means of their bioavailability, bioaccumulation, and transport in the 

environment (Kutman et al. 2013; Huyee and Keiter 2009). These three reported strains have 

a remarkable potential for application of removing excess glyphosate and its metabolites from 

pesticide-contaminated sites.  
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Table 7: Biodegradation of herbicide glyphosate by bacterial isolates on day 7 post-

inoculation with/without the presence of humic acid and metal ions. Concentration of 

glyphosate used in degradation experiments was 1000 mg/L whereas HA, Fe
++

 and Cu
++

 were 

included at 100 mg/L concentrations 

 

Experimental groups 

 

Formation of metabolites with m/z % 

Glyphosate 

(m/z =168) 

Methyl phosphonic acid 

(m/z = 97) 

Phosphoric acid 

(79 m/z) 

Actinomyces sp. GP1 27% 100% 47% 

Actinomyces sp. GP1 + Cu
++

  3% 100% 51% 

Actinomyces sp. GP1 + Fe
++

  3% 100% 49% 

Actinomyces sp. GP1 + HA  2% 100% 73% 

Bacillus subtilis GP2 5% 100% 87% 

Bacillus subtilis GP2 + Cu
++

  5% 100% 53% 

Bacillus subtilis GP2 + Fe
++

  12% 100% 95% 

Bacillus subtilis GP2 + HA  7% 93% 100% 

Rhizobium leguminosarum GP3 5% 93% 100% 

Rhizobium leguminosarum GP3 + Cu
++

  5% 96% 100% 

Rhizobium leguminosarum GP3 + Fe
++

  7% 100% 91% 

Rhizobium leguminosarum GP3 + HA  5% 100% 95% 

 

HA: Humic acid; m/z %: mass/charge %; Fe
++ 

as FeCl2, Cu
++ 

as CuCl2. 
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Figure 17: Mass spectrum of glyphosate degradation supplemented with copper (Cu
++

), iron 

(Fe
++

) and humic acid (HA) by screened rhizobacteria 
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6.2.2.5 Degradation of monocrotophos and identification of metabolites by ESI-MS 

Two main peaks of phosphate and phosphonate with m/z of 96 and 79 were detected. Other 

metabolites were identified as (E)-methyl 4-(methylamino)-4-oxobut-2-en-2-yl 

methylphosphonate (m/z at 207), dimethyl phosphate (m/z at 124), methyl hydrogen 

phosphate (m/z at 110), phosphate (m/z at 97), phosphonate (m/z at 79) and acetic acid (m/z 

at 60) respectively (Table 7). Degradation of monocrotophos by isolates MC1, MC2 and 

MC3 was determined in minimal medium at a concentration of 1000 mg/L of 

monocrotophos. Our findings indicated highest degradation of monocrotophos (92%) by 

Actinomyces sp MC1 and MC2, and MC3 (90%) after 7 days incubation (Fig. 18). On the 

other hand, the effect of Cu
++

 on the degradation of monocrotophos is high as compared to 

the un-supplemented group. The degradation percentage after 7 days were highest in isolate 

MC2 (98%) > MC3 (93%) and in MC1 (91%) (Fig. 19). Effect of Fe
++

 and humic acid on the 

degradation of monocrotophos was examined under the same circumstances and found that 

the degradation percentage was highest in MC1 (97%) after 7 days as compared to other 

isolates MC2 (92%), and MC3 (90%) in Fe
++

 treated samples and highest in MC2 (95%), 

MC3 (92%) and MC1 (90%) (Fig. 20). More than 90% of carbendazim were removed from 

the samples by the addition of humic acid after incubation for 7 days (Fig 21).  

Monocrotophos (m/z at 223) is first transformed into (E)-4-amino-4-oxobut-2-en-2-yl 

dimethyl phosphate (m/z  at 208) by a de-methylation reaction on phosphate group; then it is 

converted into di methyl phosphate by deakylation (m/z at 124); di methyl phosphate is 

further de-methylated into methyl hydrogen phosphate (m/z at 110); di methyl phosphate is 

again de methylated in phosphate (m/z at 98); phosphate is converted into phosphonate (m/z 

at 79) by dehydration reaction removal of water; One other unidentified compound was also 

observed at m/z 60 which is formed after the degradation of the alkyl chain which might be 

either acetamide or acetic acid. 

The degradation in this study shared the same initial step as earlier reported by Bhadbhade et 

al. (2002), but six other different metabolites were also observed at different m/z values.  

This is the first study on monocrotophos interactions with metal ions and soil humic acid. 

Since monocrotophos contains NH, P and CH3 coordinating sites, it is expected that it is 

involved in weak interaction with soil metal ions and soil humic contents. 

As monocrotophos behaves as weak ligand so the interaction between humates and essential 

metal ions are chemically thermodynamically four-membered rings. That’s why there is no 

such difference between the degradation percentage of the untreated and treated groups. The 
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interactions of the pesticides with soil at the molecular level are central to their 

bioavailability, bioaccumulation, and transport in the environment (Kutman et al. 2013). 

 

Table 8: Bio-decomposition of Monocrotophos with bacterial species and visualization of 

different metabolites after 7 days of degradation by ESI-MS 

Experimental Groups  Formation of different metabolites with 

mass/charge ratio (m/z) % after 7 days 

223 208 124 110 97 79 60 

MC1 + 1000 mg/L Monocrotophos (MC) 8% 40% 30% 22% 82% 100% 88% 

MC1 + 1000 mg/L MC + 100 mg/L Cu
++

 9% 50% 12% 22% 100% 98% 8% 

MC1 + 1000 mg/L MC + 100 mg/L Fe
++

 3% 32% 10% 13% 100% 88% 4% 

MC1 + 1000 mg/L MC + 100 mg/L HA 10% 50% 18% 30% 96% 100% 7% 

MC2 + 1000 mg/L MC 8% 55% 20% 20% 100% 70% 63% 

MC2 + 1000 mg/L MC + 100 mg/L Cu
++

 2% 44% 8% 10% 100% 65% - 

MC2 +1000 mg/L MC + 100 mg/L Fe
++

 8% 70% 18% 30% 100% 83% 12% 

MC2 + 1000 mg/L MC + 100 mg/L HA 5% 35% 8% 12% 100% 85% - 

MC3 + 1000 mg/L MC 10% 65% 20% 40% 100% 98% 8% 

MC3  + 1000 mg/L MC + 100 mg/L Cu
++

 7% 15% 5% 5% 90% 100% 8% 

MC3  + 1000 mg/L MC + 100 mg/L Fe
++

 10% 63% 20% 30% 100% 97% 15% 

MC3  + 1000 mg/L MC + 100 mg/L HA 8% 70% 31% 34% 93% 100% 30% 

 

where m/z at 223= Monocrotophos, 207= (E)-methyl 4-(methylamino)-4-oxobut-2-en-2-yl 

methylphosphonate, 124= dimethyl phosphate, 110= dimethyl phosphonate, 97= methyl 

phosphonate and 60= acetic acid. MC1 = Actinomyces sp. MC1, MC2 = Bacillus subtilis 

MC2, MC3 = Rhizobium leguminosarum MC3. 

 



70 
 

 



71 
 

 



72 
 

     

 

 

 

 

(c) 



73 
 

 

 

6.2.2.6 Degradation of phorate and identification of metabolites by GC-MS 

The mass/ charge ratio (m/z) of phorate observed at m/z 290 i.e. {[M+H]
+
} with retention 

time of 19.363 min. Seven different metabolites were formed by all the isolated bacterial 

cultures after 3 and 7 days of degradation and were identified with mass charge ratio of 

191(ethoxyphosphonothio)methanethiol, 175 S-mercaptomethyl O,O-dihydrogen phosphor 
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rodithioate), 149 (M-3) diethyl methylphosphonate, 75 methane dithoil , 57 (M+5)ethanethoil    

and two unidentified metabolites at m/z of 121 and 69 were formed.   Oxidation occurred 

during ionization process the oxidation takes place which showed a successive increase for 

first 7 days followed by peak declination at m/z 290 and OD at 600 nm. Percentile peak 

declination at m/z 290 has confirmed that upto 14 days more than 99% phorate was 

decomposed. In all isolated bacteria PR1 and PR2 same major metabolites were formed. The 

only difference is in their degradation percentage of major compound and formation of new 

compounds. 

In case of PR1, after 3 days the percentile peak declination at m/z 290 resulted as the 

formation of five metabolites m/z at 191(ethoxyphosphonothio)methanethiol (2.22%), 175 S-

mercaptomethyl O,O-dihydrogen phosphor rodithioate (3.34%),  75 methane dithoil (74.02), 

57 ethanethoil (9.32%) and one unidentified metabolite at m/z of 69(6.26%) were formed. 

The degradation percentage after 7 days result the formation of same metabolites with two 

more new metabolites at m/z unidentified metabolite 121 (0.71%) and 149 (M-3) diethyl 

methylphosphonate (1.06%). 

With the addition of Cu
++

 the degradation percentage, was very high. The metabolites formed 

after 3 days was identified at m/z 175 S-mercaptomethyl O,O-dihydrogen phosphorodithioate 

(6.27%), 149 (M-3) diethyl methylphosphonate (9.71%), 75 methane dithoil (60.02%), 57 

ethanethoil (17.53%) and one unidentified metabolite at m/z of 69(6.48%) were formed. The 

percentage declination after 7 days in case of Cu
++ 

supplemented groups results in the 

formation of six metabolites 191(ethoxyphosphonothio)methanethiol (3.49%), 175 S-

mercaptomethyl O,O-dihydrogen phosphorodithioate (7.15%), 149 (M-3) diethyl 

methylphosphonate (12.44%) 75 methane dithoil (15.42%) , 57 ethanethoil (32.72%) and one 

unidentified metabolites at m/z of 69(13.20%) were formed. 

In Fe
++ 

supplemented groups, the degradation percentage was higher more than 90% decrease 

in base peak after 3 days with m/z 175 S-mercaptomethyl O,O-dihydrogen 

phosphorodithioate (6.55%), 75 methane dithoil (50.86%) , 57 ethanethoil (17.53%) and two 

unidentified metabolites at m/z of 121 (1.93%) and 69 (15.12%) were formed. After 7 days 

the metabolites formed were similar with two new compounds at m/z 191 and 121.  

In humic acid treated groups, the isolate PR1 degrades phorate significantly. Six different 

metabolites were formed after 3 and 7 days at m/z 191(ethoxyphosphonothio)methanethiol, 

175 S-mercaptomethyl O,O-dihydrogen phosphorodithioate), 149 (M-3) diethyl 

methylphosphonate, 75 methane dithoil, 57 (M+5)ethanethoil and one unidentified metabolite 

at m/z 69 were formed. The percentages of metabolites formed were depicted in table 8.  
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In case of PR2, after 3 days the percentile peak declination at m/z 290 resulted as the 

formation of all six metabolites m/z at 191(ethoxyphosphonothio)methanethiol (4.08%), 175 

S-mercaptomethyl O,O-dihydrogen phosphor rodithioate (5.9%), 149 (M-3) diethyl 

methylphosphonate (15.52%) 75 methane dithoil (27.97) , 57 ethanethoil (21.38%) and two 

unidentified metabolites at m/z of 121 (1.28%) and 69(6.26%) were formed.  

The degradation percentage after 7 days results in the formation of only two metabolites with 

m/z 57 ethanethoil (18.84%) and 149 (M-3) diethyl methylphosphonate (32.92%). 

With the addition of Cu
++

 the degradation percentage was very hig has compared to PR1. The 

metabolites formed after 3 day was identified at m/z 191(ethoxyphosphonothio)methanethiol 

(6.24%), 175 S-mercaptomethyl O,O-dihydrogen phosphor rodithioate (11.20%), 149 (M-3) 

diethyl methylphosphonate (15.09%) 75 methane dithoil (27.97) , 57 ethanethoil (21.38%) 

and one unidentified metabolites at m/z 69(6.26%) were formed.  

The percentage declination after 7 days in case of Cu
++ 

supplemented groups results in the 

formation of only two metabolites 175 S-mercaptomethyl O,O-dihydrogen 

phosphorodithioate (7.52%) and 75 methane dithoil (15.42%).  

In Fe
++ 

supplemented groups, the degradation percentage was higher more than 90% decrease 

in base peak after 3 days with m/z m/z 191(ethoxyphosphonothio)methanethiol (3.83%), 175 

S-mercaptomethyl O,O-dihydrogen phosphorodithioate (7.83%),149 (M-3) diethyl 

methylphosphonate (13.62%) 75 methane dithoil (16.90%) , 57 ethanethoil (35.83%) and one 

unidentified 69 (14.15%) were formed. After 7 days only one metabolite was formed 57 

ethanethoil (9.5%). 

In humic acid treated groups, the isolate PR2 degrades phorate faster than PR1. Seven 

different metabolites were formed after 3 days at m/z 191(ethoxyphosphonothio) 

methanethiol(1.28%), 175 S-mercaptomethyl O,O-dihydrogen phosphorodithioate (2.59%), 

149 (M-3) diethyl methylphosphonate (4.7%), 75 methane dithoil (70.34%) , 57 (M+5) 

ethanethoil (6.12%) and one unidentified metabolites at 121 (0.64%) m/z were formed. After 

seven days only three metabolites were formed with m/z 175 S-mercaptomethyl O,O-

dihydrogen phosphorodithioate (2.36%), 69 (4.9%) and 57 (M+5) ethanethoil (2.99%).  

Our findings indicated highest degradation of phorate were different by the two isolates PR1 

and PR2 on the incubation of 3 and 7 days showed the formation of same metabolites of 

different percentages. Effect of Cu
++ 

on the degradation of phorate is quite high as compared 

to the un-supplemented group. The degradation percentage after 7 days was highest in isolate 

PR2 as compared to PR1. Effect of Fe
++

 on the degradation of phorate was examined under 

the same circumstances and found that the degradation percentage was highest in PR2 after 7 
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days as compared to PR1. Effect of humic acid on biodegradation results in the removal of 

phorate found slower rate after 7 days in both the cases.  

The results presented here indicate that phorate can be degraded and detoxified rapidly by the 

isolated strains. Some species such as Pseudomonas fulva strain IMBL 5.1, Brevibacterium 

frigoritolerans strain IMBL 2.1, Bacillus aerophilus strain IMBL 4.1 and some consortium 

showed degradation of phorate (Jariyal et a;., 2014; Rani and Juwarkar 2012; Rani et al., 

2009; Bano and Musarrat 2003; Ortiz-Hernandez et al., 2003; Venkatramesh et al., 1987) in 

environmental samples  Encouragingly, the newly isolated strains endowed with superior 

bioremediation characteristics up to a concentration of 1000mg/L from environmental 

samples. 

Metal ions and humic acid play an important role in the degradation of phorate. Cu
++

 

degrades maximum percentage of the phorate as compared to normal and other samples 

whereas after 7 days humic acid plays an essential role in the removal of phorate from the 

samples. Hence, the addition of various metal ions and humic acid increases the efficacy of 

the strains to degrade the phorate more rapidly. These metal ions and humic acids block the 

active sites of the phorate and make available to the bacteria to use it as a sole source of 

carbon and energy. 

The isolated strains worked without supplementation of other carbon or nitrogen sources. 

Such characteristics are desirable in microorganisms to be used for bioremediation purpose.  

Therefore, the isolated strains definitely play a possible bioremediation role in the areas 

contaminated by phorate. Our study confirmed that the isolated strains were capable to 

remove phorate residues under various conditions by a high percentage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9: Biodegradation of insecticide phorate by bacterial isolates on day 7 post-inoculation 

with or without the presence of humic acid and metal ions. Concentration of phorate used in 
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degradation experiments was 1000 mg/L whereas HA, Fe
++

 and Cu
++

 were included at 100 

mg/L concentrations 

Treatment m/z with %age 

57* 69 75* 121 149** 175 191 

3
rd

 Day 

B1+P 9.32 6.26 74.02 ---- ---- 3.34 2.22 

B1+P+Cu
++

 17.53 6.48 60.02 ---- 9.71 6.27 ---- 

B1+P+Fe
++

 20.02 15.12 50.86 1.93 ---- 6.55  

B1+P+HA 15.77 4.92 51.98 ---- 16.44 3.70 1.97 

7
th

 Day 

B1+P 10.46 4.25 72.70 0.71 1.06 2.79 1.18 

B1+P+Cu
++

 32.72 13.20 15.42 ---- 12.44 7.15 3.49 

B1+P+Fe
++

 18.04 11.73 14.66 ---- 23.44 7.30 2.70 

B1+P+HA 22.47 20.17 31.90 ---- 18.33 6.29 3.21 

3
rd

 Day 

B2+P 21.58 15.28 27.97 1.28 15.52 5.90 4.08 

B2+P+Cu
++

 33.15 22.84 17.52 ---- 15.09 11.20 6.24 

B2+P+Fe
++

 35.83 14.15 16.90 ---- 13.62 7.83 3.83 

B2+P+HA 6.12 5.64 70.35 0.64 4.70 2.59 1.28 

7
th

 Day 

B2+P 18.84 ---- ---- ---- 32.92 ---- ---- 

B2+P+Cu
++

 17.03 ---- ---- ---- ---- 7.52 ---- 

B2+P+Fe
++

 9.50 ---- ---- ---- ---- ---- ---- 

B2+P+HA 2.99 4.90 ---- ---- ---- 2.36 ---- 

 Where B1 = Pseudomonas sp. PR_01 and B2= Pseudomonas sp. PR_02, P= Phorate 

 

6.3.1 Effect of pesticides, Cu
++

, Fe
++

 and humic acid on production of Indole acetic acid 

In the regulation of plant development, Indole acetic acid acts as signal molecules. The 

production of Indole acetic acid was influenced by the availability of substrates, culture 

conditions, etc. and it also varies from species to species (Mirza et al., 2001). The higher 

production of IAA by some of the Pseudomonas species was also been reported (Xie et al., 

1996). Some other rhizobacterial species, even pathogenic, free-living bacterial species, etc. 

were also being reported to synthesize IAA (Ahemad et al., 2014; Tsavkelova et al., 2007).  

The addition of precursor L-tryptophan increases the indole acid production were reported 

and concentration was increased up to ten times than normal (4.94-46.66 mg/L) Yasmin et 

al., 2010). In a similar study, different villages of district Faridabad, a total of sixty-two 

isolates were obtained. More than sixty-nine percent of the isolates were found to be 

producing indole acetic acid (Kumar et al., 2014). The effect of pesticide stress on IAA 

production was first studied by Ahemad et al., 2012 and suggests the increasing concentration 

of pesticides alters the production of Indole acetic acid in PGPR strains. 
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The indole acid production by the 19 isolated strains and two standard strains varies 

considerably. Highest production of IAA was observed in Strains GP3, MC3 and RK4 

respectively, with production concentration up to 95, 94.5 and 89 µg/mL as compared to 

standard strains RL of 48.1 and E. coli 10 µg/mL. With the addition of 1x and 2x 

concentration of pesticide, significant changes were noticed in all the treated groups at 

significant level p < 0.05. Although metal ions and humic acid have relatively less effect on 

production as compared to the control groups. It observed that the indole acetic acid 

production was significantly decreased with the increase of concentration levels of pesticides. 

The consequence of two different concentrations of each pesticide on the production of IAA 

by the 19 isolated decreased progressively. On addition of 100 mg/L of metal ions (Cu
++

 and 

Fe
++

) and humic acid, the Cu
++

 had the most toxic effect on its production and rate of 

production was significant decreases at p < 0.05. On addition of Fe
++

 and humic acid, the 

production was relatively increased when amended with 1x concentration of each pesticide at 

significant level p < 0.05. On addition of 2x concentration of each pesticide, the IAA 

production was decreased in almost all the cases. The production of IAA by the isolated 

strains along with standard strains, effects of pesticides, Cu
++

 and Fe
++

 and humic acid was 

summarized in table 10 and 11. 

While comparing the type of pesticides, their concentrations, effect of Cu
++

 and Fe
++

 and 

humic acid, Cu
++

 in all the cases posed a negative effect on its production.  

It was observed that IAA production was concentration dependent, as the concentration (0X, 

1X and 2X) increased the IAA production decreased. And the exact order of IAA production 

with the three strains was ACP1 > ACP2 > ACP3. For strain ACP1, at concentration level 0X 

and 1X, the order of IAA production was, ACP1+HA > ACP1 > ACP1+Fe
++

> Rhizobium 

leguminosarium > ACP1 + Cu
++

> E. coli. At concentration level 2X, the order of IAA 

production was, ACP1 + HA > Rhizobium leguminosarium > ACP1+Fe
++

> ACP1 > 

ACP1+Cu
++

> E. coli. For strain ACP2, at concentration level 0X, the order of IAA 

production was, ACP2 + HA > Rhizobium leguminosarium > ACP2 > ACP2+ Fe
++

> ACP1 + 

Cu
++

> E. Coli, at concentration level 1X, the order of IAA production was, ACP2 + HA > 

Rhizobium leguminosarium > ACP2+Fe
++

> ACP2 > ACP2+ Cu
++

> E. Coli, and at 

concentration level 2X, the order of IAA production was, Rhizobium leguminosarium > 

ACP2+HA > ACP2+Fe
++

> ACP2 > ACP2+Cu
++

> E. Coli. For strain ACP3, at concentration 

level 0X, 1X and 2X, the order of IAA production was, Rhizobium leguminosarium > 

ACP3+HA > ACP3+Fe
++

> ACP3 > ACP3+Cu
++

> E. Coli. Significant effects of Fe
++

, Cu
++

, 

and HA were observed (at significant level p = 0.05) with an order control ≥ HA > Fe
++

> 
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Cu
++

.
 
In case of glyphosate, at the significant level (p = 0.05) comprehensive comparison of 

three stains (GP1, GP2 and GP3), at three concentrations level (0X, 1X and 2X), with the 

addition of Fe
++

, Cu
++

, and HA have shown that the statistical means were significantly 

different. It was observed that IAA production was concentration dependent, as the 

concentration (0X, 1X and 2X) increased the IAA production decreased. And the exact order 

of IAA production with the three strains was GP3 > GP2 > GP1. For strain GP1, at 

concentration level 0X, the order of IAA production was, GP1+HA > Rhizobium 

leguminosarium > GP1 > GP1+Fe
++

> GP1+Cu
++

> E. Coli, at concentration level 1X, the 

order of IAA production was, GP1+HA > Rhizobium leguminosarium > GP1+Fe
++

 > GP1 > 

E. Coli > ACP1+Cu
++

, and at concentration level 2X, the order of IAA production was 

Rhizobium leguminosarium > GP1+HA > GP1+Fe
++

 > GP1 > E. Coli > GP1+Cu
++

.  For 

strain GP2, at concentration level 0X, the order of IAA production was, GP2+HA > 

GP2+Fe
++

> GP2 > Rhizobium leguminosarium > E. Coli > GP2+Cu
++

, at concentration level 

1X, the order of IAA production was, GP2+HA > GP2+Fe
++

> GP2 > Rhizobium 

leguminosarium > GP2+Cu
++

> E. Coli, and at concentration level 2X, the order of IAA 

production was, GP2+HA > GP2+Fe
++

> Rhizobium leguminosarium > GP2 > E. Coli > 

GP2+Cu
++

.  For strain GP3, at concentration level 0X, the order of IAA production was, 

GP3+HA > GP3 > GP3+Fe
++

>  Rhizobium leguminosarium > GP3+Cu
++

> E. Coli, at 

concentration level 1X, the order of IAA production was, GP3+HA > GP3+Fe
++

> GP3 > 

Rhizobium leguminosarium > GP3+Cu
++

> E. Coli, and at concentration level 2X, the order of 

IAA production was, GP3+Fe
++

>  GP3+HA > GP3 > Rhizobium leguminosarium > 

GP3+Cu
++

> E. Coli. Significant effects of Fe
++

, Cu
++

, and HA were observed (at significant 

level p = 0.05) with an order HA ≥ control > Fe
++

> Cu
++

, expect GP3+Fe
++

 at 2X 

concentration level. In case of monocrotophos, at the significant level (p = 0.05) 

comprehensive comparison of three stains (MC1, MC2 and MC3), at three concentrations 

level (0X, 1X and 2X), with the addition of Fe
++

, Cu
++

, and HA have shown that the 

statistical means were significantly different. It was observed that IAA production was 

concentration dependent, as the concentration (0X, 1X and 2X) increased the IAA production 

decreased. And the exact order of IAA production with the three strains was MC3 > MC2 > 

MC1. For strain MC1, at concentration level 0X, 1X and 2X, the order of IAA production 

was, Rhizobium leguminosarium > MC1+HA > MC1+Fe
++

> MC1 > MC1+Cu
++

 > E. Coli.  

For strain MC2, at concentration level 0X, the order of IAA production was, MC2+HA > 

MC2+Fe
++

> MC2 > Rhizobium leguminosarium > MC2+Cu
++

> E. Coli, at concentration 

level 1X and 2X, the order of IAA production was, MC2+HA > MC2+Fe
++

> MC2 > 
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Rhizobium leguminosarium > MC2+Cu
++

> E. Coli.  For strain MC3, at concentration level 

0X, the order of IAA production was, MC3+HA > MC3+Fe
++

> MC3 > MC3+Cu
++

> 

Rhizobium leguminosarium > E. Coli, at concentration level 1X, the order of IAA production 

was, MC3+HA > MC3+Fe
++

> MC3 > Rhizobium leguminosarium > MC3+Cu
++

> E. Coli, 

and at concentration level 2X, the order of IAA production was, MC3+Fe
++

> MC3+HA > 

MC3 > Rhizobium leguminosarium > MC3+Cu
++

> E. Coli. Significant effects of Fe
++

, Cu
++

, 

and HA were observed (at significant level p = 0.05) with an order HA ≥ Fe
++

  > control > 

Cu
++

, expect MC2+Fe
++

 at 1X concentration level and MC2+Fe
++

 and MC3+Fe
++

 at 3X 

concentration level. Production of IAA for phorate, at the significant level (p = 0.05) 

comprehensive comparison of two stains (PR1 and PR2), at three concentrations level (0X, 

1X and 2X), with the addition of Fe
++

, Cu
++

, and HA have shown that the statistical means 

were significantly different. It was observed that IAA production was concentration 

dependent, as the concentration (0X, 1X and 2X) increased the IAA production decreased. 

Significant effects of Fe
++

, Cu
++

, and HA were observed (at significant level p = 0.05) with an 

order Fe
++

 > HA > control > Cu
++

. For strains PR1 and PR2 at 0X and 1X concentrations 

level, the order of IAA production was, PR+Fe
++

 > PR+HA > PR > Rhizobium 

leguminosarium > PR+Cu
++

> E. Coli. For strains PR1 and PR2 at 2X concentration level, the 

order of IAA production was, PR+Fe
++

> PR+HA > Rhizobium leguminosarium > PR > E. 

Coli > PR+Cu
++

. 



81 
 

Table 10: Production of IAA by bacterial isolates inoculated singly and co-supplemented with each pesticide (Acephate, Atrazine and 

Carbendazim), humic acid (HA), Cu 
++

 and Fe 
++ 

(in µg/mL) at significant level p < 0.05 

Conc

. ↓ 

Pesticide    → Acephate Atrazine Carbendazim 

 
 Treatment  ↓ ACP1 ACP2 ACP3 RK1 RK2 RK3 RK4 CB1 CB2 CB3 CB4 

0x Control 68.5  ±0.7 46.73±1.40 37.22±0.87 32.40±0.65 49.43±0.70 73.53±0.75 89.3±0.98 31.46±0.58 44.3±0.55 50.46±0.70 72.5±0.88 

 100 mg/L 

Cu
++

 
43.5 ±0.98 26.56±0.58 22.63±0.75 26.76±0.80 40.2±0.45 47.13±0.55 60.1±0.79 10.5±0.62 22.33±0.47 26.43±0.77 35.23±0.51 

 100 mg/L 

Fe
++

 
56.4 ±0.83 44.13±0.66 40.33±0.70 25.80±1.10 38.13±0.75 61.03±0.72 74.56±0.90 23.63±0.47 26.6±0.62 42.76±0.70 57.43±0.47 

 100 mg/L HA 69.4 ±0.62 51.6±0.81 43.70±0.81 42.60±0.98 53.33±0.75 80.63±0.75 92.43±0.55 32.53±0.70 47.03±0.85 56.73±0.41 78.03±0.60 

1x Control 56.7 ±0.65 32.5±0.72 27.50±0.72 28.43±0.85 36.23±0.37 54.16±0.75 70.9±0.62 27.76±0.90 36.46±0.75 41.5±0.65 56.6±0.65 

 100 mg/L 

Cu
++

 
23.3 ±0.45 17.6±1.11 16.23±0.51 21.16±0.70 34.23±0.51 47.2±0.88 51.53±0.94 8.26±0.32 14.5±0.79 16.7±0.8 27.23±0.40 

 100 mg/L 

Fe
++

 
51.3 ±0.55 39.56±0.61 36.36±0.87 18.73±0.96 26.56±1.06 46.3±0.62 62.16±0.76 37.96±0.86 35.5±0.88 42.26±0.56 56.56±0.65 

 100 mg/L HA 70.8 ±1.24 57.43±1.10 47.52±0.74 50.93±0.41 65.63±0.66 85.56±0.65 96.7±0.52 38.23±0.40 53.03±0.25 62.06±0.65 83.8±0.75 

2x Control 44.1 ±0.47 28.2±0.75 21.04±0.62 22.46±0.60 28.93±0.20 38.36±0.50 54.16±0.65 16.3±0.45 30.93±0.75 34.26±0.47 44.93±0.80 

 100 mg/L 

Cu
++

 
18.1±0.7 11.1±0.7 08.36±0.45 17.63±0.75 29.1±0.65 36.4±0.65 40.36±0.60 3. 60±0.40 9.16±0.41 11.2±0.55 14.4±0.45 

 100 mg/L 

Fe
++

 
46.3 ±0.62 33.06±0.60 28.63±0.74 10.53±0.76 22. ±0.75 38.1±0.5 46.46±0.49 35.06±0.73 31.33±0.81 38.46±0.80 52.33±0.45 

 100 mg/L HA 59.4 ±0.87 38.13±0.86 31.13±0.72 38.56±0.80 46±0.81 63±0.36 65.3±0.55 35.66±0.98 46.33±0.70 58.6±0.72 77.13±0.65 

where 0 x = no pesticides, 1x = 500mg/L of pesticides and 2x = 1000 mg/L of pesticides, Cu
++

  = copper chloride, Fe
++

  = ferrous chloride and 

HA = humic acid.      

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) at significant level p < 0.05 

ACP1 = Pseudomonas sp. ACP1, ACP2 = Pseudomonas sp ACP2, ACP3 = Pseudomonas sp ACP3, RK1 =Streptomycetaceae 

bacterium RK1, RK2 = Pseudomonas fluorescens strain RK2, RK3 = Azotobacter chroococcum strain RK3, RK4 = Rhizobium 

leguminosarum strain RK4, CB1 = Actinomyces sp. CB1, CB2 = Bacillus subtilis CB2, CB3 = Pseudomonas aeruginosa CB3, 

CB4 = Rhizobium leguminosarum CB4. 
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Table 11: Production of IAA by bacterial isolates inoculated singly and co-supplemented with each pesticide (Glyphosate, Monocrotophos and 

Phorate) humic acid (HA), Cu 
++

 and Fe 
++ 

(in µg/mL) at significant level p < 0.05 

 
  Glyphosate Monocrotophos Phorate Standard Microorganisms 

 Treatment  ↓ GP1 GP2 GP3 MC1 MC2 MC3 PR1 PR2 R.L E. coli 

0x Control 44.26±0.45 52.66±0.90 95.5±1.13 18.13±1.02 64.36±0.61 94.16±0.61 65.4±0.7 78.56±1.38 48.3±0.91 10.33±1.52 

 100 mg/L 

Cu
++

 
18.5±0.55 2.65±0.47 29.56±0.90 8.6±0.81 23.8±0.78 52.3±0.35 25.36±0.55 27.76±1.81   

 100 mg/L Fe
++

 26.93±0.77 52±0.81 89.43±0.85 22.66±0.80 73.4±0.62 96.16±0.47 79.16±0.76 81.1±1.15   

 100 mg/L HA 59.36±0.73 62.73±0.58 96.33±0.55 26.16±0.80 72.8±0.7 98.66±0.45 74.26±1.55 79.4±0.7   

1x Control 34.03±0.45 49.53±0.75 67.56±0.81 14.1±0.7 48.13±1.00 56.73±0.60 57.36±0.70 59.46±0.75   

 100 mg/L 

Cu
++

 
9.03±0.35 14.26±0.77 20.43±0.87 5.33±0.45 14.2±0.88 20.43±0.80 10.8±0.7 11.13±0.65   

 100 mg/L Fe
++

 36.7±0.45 67.06±0.75 91.53±0.75 32.7±0.85 83.46±0.75 97.06±0.80 82.93±0.58 88.13±0.90   

 100 mg/L HA 61.23±0.55 75.56±0.65 99.33±0.70 34.5±0.7 74.5±1.24 98.36±0.56 82.53±0.32 92.2±0.45   

2x Control 22.23±0.51 33.66±0.41 58.16±0.70 11.16±0.56 31.5±1.05 43.36±0.51 44.86±1.15 48.6±0.62   

 100 mg/L 

Cu
++

 
3.36±0.45 8.33±0.47 11.3±0.45 3.133±0.25 9.53±0.77 16.96±0.25 8.26±0.40 9.03±0.35   

 100 mg/L Fe
++

 27.43±0.47 51.43±0.65 81.16±0.41 13.46±0.61 64.13±0.65 84.2±0.96 71.73±0.97 83.26±1.12   

 100 mg/L HA 46.56±0.77 66.4±0.81 72.23±0.70 29.36±0.87 51.16±0.75 62.4±0.6 68.43±0.60 70.83±1.36   

where 0 x = no pesticides, 1x = 500mg/L of pesticides and 2x = 1000 mg/L of pesticides, Cu
++

  = copper chloride, Fe
++

  = ferrous chloride and 

HA = humic acid.      

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) at significant level p < 0.05 

GP1 = Actinomyces sp. GP1, GP2 = Bacillus subtilis GP2, GP3 =Rhizobium leguminosarum GP3, MC1 = Actinomyces sp. MC1, 

MC2 = Bacillus subtilis MC2, MC3 = Rhizobium leguminosarum MC3, PR1 = Pseudomonas sp. PR_01 and PR2, Pseudomonas 

sp. PR_2, RL = Rhizobium leguminosarum. 
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6.3.2 Effect of pesticides, metal ions and humic acid on qualitative and quantitative 

production on phosphate solubilisation 

It was reported that the main mechanism used by bacteria for solubilization of inorganic 

phosphorous is based on the production of small molecular weight organic acids such as a 

citric and gluconic acid (Ahemad et al., 2014; Rodriguez et al., 2004; Bnayahu, 1991). The 

production of chelating cations by bacteria converts these organic acids into soluble 

phosphate by binding phosphate with their carboxyl and hydroxyl groups thereby chelating 

cations (Rodriguez et al., 2004; Kpomblekou and Tabatabai, 1994; Bnayahu, 1991). In a 

similar study, the concentrations of phosphate solubilizing bacteria are commonly found in 

rhizospheric soil as compared to non-rhizospheric soils were also being reported (Raja et al., 

2006). Under pesticide stress, the PSB activity of the strains was affected as earlier reported 

by Ahemad (2012). In our study, Out of 19 isolates, only 15 strains were capable to solubilise 

phosphorous both qualitatively and quantitatively. Highest solubilisation efficacy was 

observed in most of the species of Rhizobium and Pseudomonas. With the addition of 1x and 

2x concentration of pesticides, significant changes were noticed in all the treated groups at 

significant level p < 0.05. Metal ions and humic acid have relatively less effect on production 

as compared to the control groups. It observed that the phosphate solubilization production 

was significantly decreased with the increase of concentration levels of pesticides. On 

addition of 100 mg/L of metal ions (Cu
++

 and Fe
++

) and humic acid, the Cu
++

 had the most 

toxic effect on its production. On addition of Fe
++

 and humic acid, the solubilisation efficacy 

and concentration of phosphate solubilised were relatively increased when amended with 1x 

concentration of each pesticide at significant level p < 0.05. On addition of 2x concentration 

of each pesticide, the phosphate solubilisation (both qualitatively and quantitatively) was 

decreased in almost all the cases. The solubilisation efficacy (qualitative) and concentration 

of phosphorous solubilised (quantitative) by the isolated strains along with standard strains, 

effects of pesticides, Cu
++

, Fe
++

 and humic acid were summarized in table 12-15 and fig 22.    

Phosphate solubilization was analysed by zone inhibition method and UV-visible method. It 

was noticed that, at the significant level (p = 0.05), comprehensive at three concentrations 

level (0X, 1X and 2X), with the addition of Fe
++

, Cu
++

, and HA the statistical means were 

significantly different. It was observed that Siderophore production was concentration 

dependent, as the concentration (0X, 1X and 2X) increased the IAA production decreased. 

Significant effects of Fe
++

, Cu
++

, and HA were observed (at significant level p = 0.05) with an 

order HA > control > Fe
++

> Cu
++

. 
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Table 12: Qualitative solubilisation of phosphate by bacterial isolates inoculated singly and co-supplemented with pesticides (Acephate, Atrazine 

and Carbendazim), humic acid (HA), Cu 
++

 and Fe 
++ 

(Solubilization Efficiency in %) at significant level p < 0.05 

 

 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) at significant level p < 0.05. 

Conc

↓.  

Pesticides   → Acephate Atrazine Carbendazim 

 Treatment  ↓ ACP1 ACP2 ACP3 RK3 RK4 CB2 CB3 CB4 

0x Control 89.96±0.45 116.80±0.6 89.22±0.54 107.20±0.4 105.13±0.7 39.15±0.51 76.36±0.46 140.16±0.6 

 100 mg/L Cu
++

 83.46±0.73 98.33±0.39 96.97±0.69 94.33±0.55 87.34±0.63 53.07±0.64 68.56±0.62 97.12±0.72 

 100 mg/L Fe
++

 87.57±0.76 103.36±0.5 117.26±0.3 111.26±0.5 94.26±0.45 57.22±0.54 80.61±0.72 143.42±0.5 

 100 mg/L HA 92.53±0.97 124.33±0.9 86.46±0.51 124.35±0.6 117.53±0.6 34.92±0.68 89.47±0.63 149.87±0.6 

1x Control 79.18±0.90 98.37±0.81 76.48±0.45 95.25±0.54 84.5±0.75 35.66±0.73 59.28±0.65 113.38±0.5 

 100 mg/L Cu
++

 72.72±0.65 62.62±0.61 54.17±0.4 72.3±0.62 69.57±0.59 58.63±0.48 41.84±0.91 79.38±0.89 

 100 mg/L Fe
++

 89.96±0.45 113.15±0.2 123.15±0.5 117.52±0.7 99.21±0.64 73.3±0.45 93.48±0.71 151.27±0.6 

 100 mg/L HA 106.4±0.73 137.30±0.4 144.7±0.49 144.38±0.5 131.31±0.6 122.3±0.46 102.59±0.7 163.32±0.4 

2x Control 87.57±0.76 77.05±0.63 59.22±0.51 78.12±0.62 56.71±0.61 26.75±0.64 35.3±0.65 93.14±0.65 

 100 mg/L Cu
++

 62.53±0.97 68.27±0.35 72.33±0.93 57.32±0.64 46.79±0.82 43.97±0.70 36.37±0.74 47.21±0.79 

 100 mg/L Fe
++

 79.18±0.90 84.35±0.40 104.26±0.5 81.13±0.39 74.83±0.75 56.57±0.58 79.74±0.66 102.45±0.5 

 100 mg/L HA 72.72±0.65 98.26±0.40 105.39±0.7 108.37±0.6 97.28±0.64 73.28±0.41 79.96±0.73 104.48±0.8 
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Table 13: Qualitative solubilisation of phosphate by bacterial isolates inoculated singly and co-supplemented with pesticides (Glyphosate, Mono 

and Phorate), humic acid (HA), Cu 
++

 and Fe 
++ 

(Solubilization Efficiency in %) at significant level p < 0.05. 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) at significant level p < 0.05 

Conc. ↓ Pesticide    →  

Glyphosate 

 

Monocrotophos 

 

Phorate 

 

 Treatment  ↓ GP 2 GP 3 MC2 MC3 PR1 PR2 RL 

0x Control 65.3±0.55 127.47±0.43 125.03±0.75 49.85±0.58 79.93±0.70 149.98±0.77 83.74±0.62 

 100 mg/L Cu
++

 104.04±0.5 86.35±0.49 90.06±0.60 39.44±0.56 65.97±0.57 93.36±0.51 - 

 100 mg/L Fe
++

 118.06±0.7 133.28±0.70 129.42±0.45 62.31±0.51 85.34±0.69 146.04±0.86 - 

 100 mg/L HA 75.83±0.75 141.08±0.67 137.36±0.49 75.06±0.45 94.16±0.79 163.29±0.42 - 

1x Control 48.44±0.76 82.14±0.64 111.31±0.62 34.05±0.77 68.34±0.50 127.47±0.92 - 

 100 mg/L Cu
++

 39.61±0.8 54.77±0.57 61.16±0.70 26.37±0.45 46.48±0.45 83.15±0.66 - 

 100 mg/L Fe
++

 129.15±0.4 141.2±0.55 136.40±0.58 74.43±0.73 92.99±0.48 151.41±0.61 - 

 100 mg/L HA 146.7±0.78 156.32±0.51 144.03±0.77 85.17±0.56 102.5±0.80 177.27±0.76 - 

2x Control 31.36±0.60 61.4±0.60 74.28±0.47 19.53±0.85 47.41±0.52 89.31±0.90 - 

 100 mg/L Cu
++

 23.55±0.67 38.51±0.48 38.06±0.61 23.29±0.58 26.26±0.47 75.27±0.61 - 

 100 mg/L Fe
++

 92.39±0.56 114.71±0.40 107.47±0.42 45.22±0.80 74.22±0.64 119.20±0.57 - 

 100 mg/L HA 100.51±0.8 105.61±0.61 122.22±0.55 64.67±0.78 90.14±0.54 129.33±0.60 - 
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Table 14: Quantitative Solubilisation of phosphate by bacterial isolates inoculated singly and co-supplemented with pesticides (Acephate, 

Atrazine and Carbendazim), humic acid (HA), Cu
++

 and Fe
++ 

(in µgP/mL) at significant level p < 0.05 

 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) at significant level p < 0.05 

Conc. 

↓ 

Pesticide    → Acephate Atrazine Carbendazim 

 Treatment  ↓ ACP1 ACP2 ACP3 RK3 RK4 CB2 CB3 CB4 

0x Control 0.73±0.04 1.10±0.07 0.91±0.04 0.85±0.13 0.93±0.04 0.85±0.05 0.91±0.04 1.08±0.07 

 100 mg/L Cu
++

 0.34±0.04 0.47±0.04 0.31±0.02 0.86±0.05 0.71±0.07 0.46±0.15 0.64±0.02 0.80±0.04 

 100 mg/L Fe
++

 0.82±0.04 1.23±0.07 1.12±0.11 0.95±0.05 1.13±0.10 0.91±0.05 0.98±0.1 1.13±0.10 

 100 mg/L HA 0.8±0.1 1.3±0.03 1.18±0.10 1.02±0.03 0.86±0.15 0.92±0.06 1.04±0.08 1.21±0.12 

1x Control 0.57±0.05 0.90±0.03 0.33±0.03 0.85±0.06 0.79±0.02 0.72±0.03 0.78±0.03 0.85±0.03 

 100 mg/L Cu
++

 0.44±0.01 0.40±0.04 0.25±0.02 0.72±0.04 0.63±0.04 0.3±0.01 0.46±0.07 0.55±0.06 

 100 mg/L Fe
++

 0.99±0.05 1.31±0.03 1.16±0.08 1.12±0.16 1.13±0.06 1.05±0.09 1.07±0.07 1.09±0.09 

 100 mg/L HA 1.04±0.04 1.63±0.05 1.45±0.07 1.10±0.06 1.15±0.06 1.07±0.08 1.17±0.08 1.44±0.05 

2x Control 0.37±0.03 0.74±0.03 0.45±0.03 0.55±0.05 0.36±0.03 0.16±0.04 0.18±0.07 0.25±0.03 

 100 mg/L Cu
++        

 0.07±0.01 0.15±0.02 0.18±0.01 0.38±0.01 0.33±0.03 0.27±0.02 0.31±0.03 0.36±0.02 

 100 mg/L Fe
++

 0.67±0.04 1.01±0.07 0.07±0.02 0.67±0.02 0.97±0.04 0.55±0.02 0.71±0.04 0.85±0.01 

 100 mg/L HA 0.72±0.04 1.23±0.18 1.13±0.11 0.97±0.07 0.83±0.04 0.63±0.04 0.64±0.04 1.15±0.14 
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Table 15: Quantitative Solubilisation of phosphate by bacterial isolates inoculated singly and co-supplemented with pesticides (Glyphosate, 

Mono and Phorate), humic acid (HA), Cu 
++

 and Fe 
++ 

(in µgP/mL) at significant level p < 0.05 

 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) at significant level p < 0.05 

Conc. ↓ Pesticide    → Glyphosate Monocrotophos Phorate  

 Treatment  ↓ GP 2 GP 3 MC2 MC3 PR1 PR2 RL 

0x Control 0.84±0.04 1.06±0.05 1.03±0.05 0.66±0.05 1.17±0.08 1.42±0.04 0.63±0.04 

 100 mg/L Cu
++

 0.41±0.02 0.46±0.04 0.46±0.05 0.29±0.05 0.86±0.07 1.01±0.03 - 

 100 mg/L Fe
++

 0.76±0.15 1.12±0.08 1.17±0.07 0.77±0.06 1.08±0.08 1.50±0.07 - 

 100 mg/L HA 0.92±0.03 1.19±0.06 1.16±0.06 0.79±0.05 1.23±0.05 1.51±0.08 - 

1x Control 0.71±0.02 0.85±0.04 0.73±0.03 0.47±0.03 0.81±0.02 1.14±0.08 - 

 100 mg/L Cu
++

 0.29±0.02 0.32±0.02 0.34±0.03 0.24±0.04 0.56±0.06 0.94±0.03 - 

 100 mg/L Fe
++

 1.07±0.06 1.12±0.09 1.33±0.04 0.97±0.06 1.18±0.07 1.65±0.04 - 

 100 mg/L HA 1.14±0.06 1.28±0.07 1.33±0.05 1.03±0.04 1.32±0.04 1.65±0.06 - 

2x Control 0.41±0.03 0.56±0.05 0.41±0.02 0.15±0.03 0.72±0.05 0.8±0.04 - 

 100 mg/L Cu
++

 0.15±0.02 0.14±0.03 0.3±0.04 0.12±0.03 0.31±0.03 0.44±0.06 - 

 100 mg/L Fe
++

 0.64±0.04 0.72±0.04 1.05±0.05 0.45±0.04 0.91±0.06 1.34±0.08 - 

 100 mg/L HA 0.77±0.02 0.90±0.04 1.14±0.08 0.56±0.04 0.99±0.07 1.45±0.08 - 
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6.3.3 Effect of six different pesticides, Cu
++

, Fe
++

 and humic acid on qualitative and 

quantitative production on Sidherophoric Production 

Siderophores ("metal ions carrier") are chelating agents with low molecular weight (200–

2000 Da), high-affinity iron chelating compounds secreted mostly by microorganisms such as 

Pseudomonas, Bacillus, Rhizobium, Actinomyces etc. Usually, siderophores act as 

solubilizing agents for metal ions from minerals or organic compounds under conditions of 

metal ions limitation.  

The effect of pesticides on PGPR, maximum investigations highlighting the dose-dependent 

effects of pesticides on PGPR (Ahemad et al., 2014), i.e. with the increase in dose adverse 

effect of pesticides on PGPR increases. The perilous effect of pesticides on PGPR is directly 

proportional to the perseverance and dose level.  Continuous and repeated use of pesticides 

having a high persistency level in the soils may further increase the menace.  

Moreover, acephate, atrazine, carbendazim, glyphosate monocrotophos and phorate are 

widely used pesticides in agricultural applications worldwide.  

PGPR are reported to exude some extracellular metabolites called siderophores. The presence 

of ligand (Siderophore) producing PGPR in rhizosphere increases the rate of Iron supply to 

plants and consequently enhances the plant growth and productivity of the crop. Additional, 

this compound after chelating Fe
3+

 makes the soil Fe
3+

 scarce for other soil microbes and thus 

inhibits the activity of competitive microbes. Ahemad et al 2014 illustrate the under pesticide 

stress relatively decrease the functioning of the rhizobacteria to produce Siderophores.  Our 

findings conclude that, out of 19 isolates, only 14 strains were able to produce Siderophores 

both qualitatively and quantitatively. Highest production was observed in most of the species 

of Rhizobium and Pseudomonas. Each of the pesticides, when used in increasing 

concentrations, shows an adverse effect on Siderophore production. On addition of 100 mg/L 

of Cu
++

 and Fe
++

 and humic acid, the Cu
++

 had the most toxic effect on its production. On 

addition of Fe
++

 and humic acid, the Siderophore production (both qualitative and 

quantitative) was relatively increased when amended with 1x concentration of each pesticide 

at significant level p < 0.05. On addition of 2x concentration of each six different pesticides, 

the adverse effect of pesticides was seen in both qualitatively and quantitatively approaches. 

The zone of appearance (qualitative) and concentration of sidherophoric units (quantitative) 

by the isolated strains along with standard strains, the effect of pesticides, Cu
++

, Fe
++

 and 

humic acid ws summarized in fig. 23 and in table 16-19. 
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Figure 23: Siderophore Production by the isolated and standard strains from pesticide 

contaminated soils.  

where ACP1 = Pseudomonas sp. ACP1, ACP2 = Pseudomonas sp ACP2, ACP3 = 

Pseudomonas sp ACP3, RK1 = Streptomycetaceae bacterium RK1, RK2 = Pseudomonas 

fluorescens strain RK2, RK3 = Azotobacter chroococcum strain RK3, RK4 = Rhizobium 

leguminosarum strain RK4, CB1 = Actinomyces sp. CB1, CB2 = Bacillus subtilis CB2, CB3 

= Pseudomonas aeruginosa CB3, CB4 = Rhizobium leguminosarum CB4, GP1 = 

Actinomyces sp. GP1, GP2 = Bacillus subtilis GP2, GP3 = Rhizobium leguminosarum GP3, 

MC1 = Actinomyces sp. MC1, MC2 = Bacillus subtilis MC2, MC3 = Rhizobium 

leguminosarum MC3, PR1 = Pseudomonas sp. PR_01 and PR2 = Pseudomonas sp. PR_2
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Table 16: Qualitative estimation of Siderophore production by bacterial isolates inoculated singly and co-supplemented with pesticides 

(Acephate, Atrazine and Carbendazim), humic acid (HA), Cu 
++

 and Fe 
++ 

(Zone of detection: Halo Orange) at significant level p < 0.05 

 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

Conc. 

↓ 

Pesticide    →  

Acephate 

 

Atrazine 

 

Carbendazim 

 Treatment  ↓ ACP1 ACP2 RK2 RK3 RK4 CB2 CB3 CB4 

0x Control 3.66±0.57 6.03±0.55 3.73±0.30 4.96±0.25 7.06±0.70 3.06±0.30 4.06±0.40 2.1±0.36 

 100 mg/L Cu
++

 2.96±0.45 4.1±0.55 2.96±0.15 3.06±0.20 2.16±0.37 2.1±0.36 4.1±0.55 -- 

 100 mg/L Fe
++

 4.83±0.20 8.96±0.25 4.03±0.45 6.1±0.26 8.06±0.50 4.23±0.58 5.03±0.35 5.13±0.41 

 100 mg/L HA 5.7±0.43 10.9±0.36 7.03±0.35 8.13±0.41 13.16±0.47 6.13±0.51 7.13±0.41 6±0.3 

1x Control 1.7±0.36 7±0.2 2.06±0.30 2.06±0.30 2.96±0.55 1.13±0.41 2.1±0.45 -- 

 100 mg/L Cu
++

 1.6±0.45 1.03±0.15 -- -- -- -- -- -- 

 100 mg/L Fe
++

 5.76±0.25 10.16±0.56 4.96±0.35 6.03±0.25 9.1±0.45 4±0.6 5.13±0.41 2.03±0.35 

 100 mg/L HA 7±0.4 12.43±0.55 9.03±0.35 9.03±0.35 15.06±0.30 6.96±0.35 8.16±0.47 3.1±0.26 

2x Control 1.03±0.25 3.1±0.36 -- -- 1.1±0.36 -- -- -- 

 100 mg/L Cu
++

 0 - -- -- -- -- -- -- 

 100 mg/L Fe
++

 2.1±0.26 3.13±0.61 1.13±0.32 2.03±0.35 4.16±0.47 -- 2.13±0.41 -- 

 100 mg/L HA 4.2±0.43 6.06±0.30 4.16±0.47 5.06±0.30 6.06±0.30 4.1±0.75 3.03±0.35 -- 
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Table 17: Qualitative estimation of Siderophore production by bacterial isolates inoculated singly and co-supplemented with pesticides 

(Glyphosate, Mono and Phorate), humic acid (HA), Cu 
++

 and Fe 
++ 

( Zone of detection: Halo Orange) at significant level p < 0.05 

 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values). 

Conc. ↓ Pesticide    → Glyphosate Monocrotophos Phorate  

 Treatment  ↓ GP 2 GP 3 MC2 MC3 PR1 PR2 P. fluorescens 

0x Control 1.06±0.40 3.03±0.25 2.03±0.35 4.16±0.47 7.86±0.41 1.8±0.2 6.1±0.55 

 100 mg/L Cu
++

 -- -- -- 2.06±0.30 4.5±0.4 -- -- 

 100 mg/L Fe
++

 2.13±0.32 4±0.3 2.2±0.43 5.13±0.41 6.93±0.20 3.23±0.49 -- 

 100 mg/L HA 4.03±0.35 5.03±0.25 4.63±0.32 4.93±0.30 13.03±0.35 3.93±0.40 -- 

1x Control -- 2.2±0.43 -- 2±0.2 3.93±0.30 -- -- 

 100 mg/L Cu
++

 -- -- -- -- -- -- -- 

 100 mg/L Fe
++

 1.03±0.35 2.06±0.40 3.13±0.41 3.03±0.35 7.7±0.3 1.9±0.36 -- 

 100 mg/L HA 4.06±0.30 6.06±0.30 5.03±0.25 6.9±0.17 14.43±0.89 2.13±0.32 -- 

2x Control -- -- -- -- -- -- -- 

 100 mg/L Cu
++

 -- -- -- -- -- -- -- 

 100 mg/L Fe
++

 -- -- -- 2±0.3 3.13±0.41 -- -- 

 100 mg/L HA 2.1±0.36 2.06±0.20 2.1±0.55 4±0.3 10.96±0.15 -- -- 
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Table 18: Quantitative estimation of Siderophore production by bacterial isolates inoculated singly and co-supplemented with pesticides 

(Acephate, Atrazine and Carbendazim), humic acid (HA), Cu 
++

 and Fe 
++ 

(S.U %) at significant level p < 0.05 

 

 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

Group Pesticide    → Acephate Atrazine Carbendazim 

 Treatment  ↓ ACP1 ACP2 RK2 RK3 RK4 CB2 CB3 CB4 

0x  Control 56.76±0.46 64.52±0.85 60.42±0.80 61.37±0.47 64.45±0.41 55.01±0.76 48.36±0.39 20.44±0.55 

  100mg/L Cu
++

 53.47±0.44 57.50±0.68 53.12±0.17 54.28±0.33 56.31±0.52 51.29±0.66 43.26±0.31 14.73±0.39 

  100mg/L Fe
++

 60.42±0.40 71.69±0.41 60.30±0.52 66.09±0.36 69.45±0.54 58.28±0.50 50.69±0.50 35.93±0.60 

  100mg/L HA 63.35±0.59 72±0.67 65.92±0.45 69.55±0.56 72.42±0.57 66.25±0.51 57.32±0.39 38.2±0.55 

1x Control 49.16±0.53 61.2±0.41 52.64±0.45 57.29±0.43 58.85±0.53 50.05±0.67 44.35±0.51 9.37±0.49 

  100mg/L Cu
++

 33.63±0.61 36.14±0.38 38.29±0.40 43.60±0.45 49.36±0.55 47.54±0.63 30.69±0.42 12.16±0.56 

  100mg/L Fe
++

 63.82±0.64 73.12±0.53 63.37±0.52 68.39±0.57 71.08±0.63 66.12±0.68 53.29±0.46 40.19±0.40 

  100mg/L HA 70.57±0.77 75.80±0.43 70.06±0.30 75.09±0.70 79.08±0.58 70.13±0.57 60.30±0.50 43.33±0.33 

2x Control 40.70±0.35 45.86±0.33 44.27±0.56 47.83±0.65 50.81±0.44 43.29±0.42 36.34±0.45 2.16±0.27 

  100mg/L Cu
++

 19.4±0.53 25.87±0.58 31.29±0.48 37.61±0.44 40.15±0.45 42.41±0.51 24.41±0.54 10.49±0.34 

  100mg/L Fe
++

 44.35±0.53 52.68±0.49 48.42±0.50 51.32±0.64 62.11±0.57 59.60±0.52 46.33±0.65 26.44±0.60 

  100mg/L HA 55.32±0.62 60.28±0.55 59.66±0.44 61.19±0.39 71.28±0.47 66.12±0.49 46.34±0.58 26.30±0.47 
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Table 19: Quantitative estimation of Siderophore production by bacterial isolates inoculated singly and co-supplemented with pesticides 

(Glyphosate, Mono and Phorate), humic acid (HA), Cu 
++

 and Fe 
++ 

(S.U %) at significant level p < 0.05 

 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

Conc. ↓ Pesticide    → Glyphosate Monocrotophos Phorate  

 Treatment  ↓ GP 2 GP 3 MC2 MC3 PR1 PR2 P. fluorescens 

0x Control 15.35±0.37 52.74±0.53 25.35±0.51 53.77±0.53 75.34±0.65 25.28±0.59 43.31±0.65 

 100 mg/L Cu
++

 13.42±0.43 47.39±0.54 22.29±0.42 37.76±0.55 69.27±0.62 22.08±0.42 -- 

 100 mg/L Fe
++

 28.41±0.44 52.19±0.73 32.2±0.59 61.06±0.51 77.35±0.44 31.37±0.46 -- 

 100 mg/L HA 33.06±0.42 54.81±0.55 39.32±0.58 63.34±0.57 81.28±0.33 39.14±0.51 -- 

1x Control 4.37±0.53 45.49±0.48 21.23±0.35 48.21±0.43 61.33±0.50 19.12±0.50 -- 

 100 mg/L Cu
++

 7.36±0.44 40.23±0.53 17.60±0.42 29.26±0.45 61.3±0.47 14.33±0.55 -- 

 100 mg/L Fe
++

 38.13±0.30 57.28±0.45 40.68±0.77 64.54±0.47 80.14±0.51 40.98±0.41 -- 

 100 mg/L HA 40.24±0.48 59.30±0.39 53.38±0.53 67.11±0.33 84.23±0.45 47.21±0.57 -- 

2x Control 1.53±0.09 35.11±0.40 10.06±0.19 40.19±0.55 48.18±0.48 12.46±0.49 -- 

 100 mg/L Cu
++

 3.10±0.18 32.16±0.37 14.31±0.61 21.88±0.66 52.22±0.56 4.17±0.43 -- 

 100 mg/L Fe
++

 20.7±0.63 48.28±0.34 31.51±0.58 56.38±0.54 74.33±0.63 20.23±0.46 -- 

 100 mg/L HA 30.08±0.43 36.22±0.40 44.85±0.56 56.08±0.40 76.12±0.44 36.62±0.40 -- 
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6.3.4 Effect of pesticides, Cu
++

 and Fe
++

 and humic acid on qualitative production on 

Hydrogen Cyanide production 

Cyanide production by numerous rhizobacteria and is postulated to play a function in the 

control of biological harmful pathogens (Defago et al., 1990). The suppression of soil-borne 

pathogens by the production of these hormones by fluorescent Pseudomonas has also been 

reported worldwide (Ahemad et al., 2014; Chitra et al., 2002; Voisard et al., 1989). Various 

diseases in tobacco and wheat were also being suppressed by Cyanide production were 

reported by Stutz et al., 1986; Defago et al., 1990. HCN production also improves root length 

and seed germination in some plants (Saxena et al., 1996). Ahemad et al (2012) reported the 

effect of HCN production under pesticide stress. Out of 19 isolates, only 3 strains (ACP3, 

CB1 and GP1) were able to synthesize HCN production and the results were summarized in 

table 19. Pesticides at high concentrations posed a negative effect on its production while the 

addition of Fe
++

 and humic acid along with pesticides has no effect on its production.  

 

Table 20: Qualitative assay for hydrogen Cyanide production by bacterial species 

isolated from rhizospheric soils 

 

Conc. ↓ Pesticide    → Acephate Carbendazim Glyphosate Control 

 Treatment  ↓ Pseudomonas 

sp. ACP3 

Actinomyces 

sp. CB1 

Actinomyces 

sp. GP1 

P fluorescens 

0x Control +++ ++ ++ ++ 

 100 mg/L Cu
++

 + + + -- 

 100 mg/L Fe
++

 +++ +++ +++ -- 

 100 mg/L HA +++ +++ +++ -- 

1x Control +++ ++ ++ -- 

 100 mg/L Cu
++

 + + + -- 

 100 mg/L Fe
++

 ++ ++ ++ -- 

 100 mg/L HA +++ +++ +++ -- 

2x Control + ++ ++ -- 

 100 mg/L Cu
++

 --- --- --- -- 

 100 mg/L Fe
++

 + ++ ++ -- 

 100 mg/L HA ++ ++ + -- 

+++ = High Detection, ++ = Moderate Detection, + = Low Detection, --- = No Change in 

Colour 
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6.4 Effect of pesticides, Cu
++

, Fe
++

 and humic acid on plant growth  

6.4.1 Biocompatibility test 

The compatible interaction was considered by observing the absence of inhibition zone 

around the spotted colony. Four petriplates were impregnated with four discs of different 

cultures, three petriplates were impregnated with three cultures and three petriplates were 

impregnated with two cultures with one control plate without any culture, respectively. After 

placing these discs, cultures were again allowed to grow for 2 h at 37°C. Finally, the growth 

was observed which shows that there was no zone of inhibition in any of the inoculated 

cultures; hence all the bacterial cultures are not a competitor but are compatible with each 

other and can be used as a good consortium (Fig 24-29). Our results were found similar with 

the findings of Anandaraj et al., (2010) in which the species of Rhizobium sp., Bacillus 

megaterium and P. fluorescens were compatible with each other in cross streak plate assay. 

Thus, treatment of seeds with effective strains of Rhizobium, Bacillus alone or in combination 

with other beneficial microorganisms may be preferred over the pesticides, because of their 

multiple potentials to control disease, fix nitrogen, increase crop productivity, improve of soil 

fertility besides reducing the negative environmental impact associated with chemical use 

(Jensen et al., 2002; Huang and Erickson, 2007). 
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Figure 29: Test of biocompatibility between rhizobacterial strains isolated from phorate 

contaminated soils. 

 

6.4.2 Effect of pesticides on seed germination 

6.4.2.1 Effect of metal ions (100mg/L Cu
++

 and 100mg/L Fe
++

) and humic acid on 

untreated group of pesticides on seed germination 

In the untreated group, the seeds inoculated in humic acid shows high germination rate as 

compared to other three different treatments. The germination rate was increased significantly 

at significant level p < 0.05. The germination rate is highest in humic acid, Fe
++

 and same in 

case of Cu
++

 and untreated. The exact order of seed germination was seed inoculated with 

humic acid > Fe
++

 > control > Cu. Significant effects of Fe
++

, Cu
++

, and HA were observed 

(at significant level p = 0.05) with an order HA > Fe
++

 > control ≥ Cu
++

. Fe
++ 

is considered as 

most important part of plant growth including crops and having less toxicity (LD50 230 mg/kg 

in rats) than Cu. Fe can increase the growth of  the wheat plant and seeds also (Celletti et al., 

2016). In bio-inorganic viewpoint, Cu is a toxic heavy metal ion (LD50 30 mg/kg in rats) 

which has a variable effect on different organisms. Also, Cu has a negative effect on all the 

plant parameters due to its toxic nature (Lu et al., 2016: Adrees et al., 2015). Humic acid is 

considered to be always good for crop growth when applied in singular form (Vaccaro et al., 

2015). Once it is added with pesticides or metal ions or in the presence of both, the things 

may vary due to different mechanisms. (1) HA decomposed the pesticides and decomposition 

reaction rate increase once metal ions like Fe and Cu are applied. (2) Sometimes there is 

association and dissociation mechanism between HA and pesticides and decomposition 

becomes slow because active sites of HA get blocked by pesticides. Due to this, free HA is 

not available for the growth of crops (wheat) hence growth affected adversely.  
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6.4.2.2 Effect of Acephate, metal ions (Fe
++

 and Cu
++

) and humic acid on un-inoculated 

and inoculated bacterial suspensions on seed germination 

In un-inoculated groups, on the addition of 1x concentration of Acephate to the wheat plant, 

germination rate was found to be inhibited. The inhibition was found dose-dependent i.e. 

inhibition in germination rate was found more when 2x acephate was applied on to the crop 

compared to a 1x dose level of Acephate. Most interestingly, when the dose of metal ions 

(100 mg/L of each Fe
++

 and Cu
++

) and humic acid were added, there was an increase in plant 

growth. 

In inoculated groups, on the addition of 1x concentration of Acephate, the germination rate in 

inoculated groups was higher as compared to un-inoculated groups. In addition of metal ions 

and humic acid, the growth rate was almost similar. In case of 2x treated groups, the 

germination rate in both the groups (inoculated and un-inoculated) decreases at significant 

level p < 0.05. In the presence of metal ions and humic acid, a slight increment was been 

observed (Table 21).  

 

Table 21: Germination rate of acephate treated seeds supplemented with metal ions (Fe
++ 

and 

Cu
++

) and humic acid on un-inoculated and inoculated bacterial suspensions 

 

Treatment 

1x Acephate (G.R. %) 2x Acephate (G.R. %) 

Un-inoculated Inoculated Un-inoculated Inoculated 

60% 80% 50% 60% 

Cu
++

 70% 80% 50% 60% 

Fe
++

 70% 80% 50% 70% 

Humic acid 70% 80% 70% 70% 

 

6.4.2.3 Effect of Atrazine, metal ions (Fe
++

 and Cu
++

) and humic acid on un-inoculated 

and inoculated bacterial suspensions on seed germination 

In Un-inoculated groups, on the addition of 1x concentration of Atrazine to the wheat plant, 

germination rate was found to be inhibited. The inhibition was found dose-dependent i.e. 

inhibition in germination rate was found more when 2x atrazine was applied on to the crop 

compared to a 1x dose level of atrazine. Most interestingly, when the dose of metal ions (100 

mg/L of each Fe
++

 and Cu
++

) and humic acid were added, there was an increase in plant 

growth. 

In inoculated groups, on the addition of 1x concentration of atrazine, the germination rate in 

inoculated groups was higher as compared to un-inoculated groups. In addition of metal ions 
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and humic acid, the growth rate was almost similar. In case of 2x treated groups, the 

germination rate in both the groups (inoculated and un-inoculated) decreases. In the presence 

of metal ions and humic acid, a slight increment of was been observed in case of inoculated 

groups (Table 22) 

 

Table 22: Germination rate of atrazine treated seeds supplemented with metal ions (Fe
++

 and 

Cu
++

) and humic acid on un-inoculated and inoculated bacterial suspensions 

 

Treatment 

1x Atrazine (G.R. %) 2x Atrazine (G.R. %) 

Un-inoculated Inoculated Un-inoculated Inoculated 

60% 70% 30% 60% 

Cu
++

 60% 70% 50% 60% 

Fe
++

 70% 80% 50% 70% 

Humic acid 90% 90% 60% 70% 

 

6.4.2.4 Effect of Carbendazim, metal ions (Fe
++

 and Cu
++

) and humic acid on un-

inoculated and inoculated bacterial suspensions 

In Un-inoculated groups, on the addition of 1x concentration of carbendazim to the wheat 

plant, germination rate was found to be inhibited. The inhibition was found dose-dependent 

i.e. inhibition in germination rate was found more when 2x carbendazim was applied on to 

the crop compared to a 1x dose level of carbendazim. Most interestingly, when the dose of 

metal ions (100 mg/L of each Fe
++

 and Cu
++

) and humic acid were added, there was an 

increase in plant growth. However, in case of Cu
++ 

treated groups, there is a decrease in seed 

germination in both the 1x and 2x concentrations. 

In inoculated groups, on the addition of 1x concentration of carbendazim, the germination 

rate in inoculated groups was higher as compared to un-inoculated groups. In addition of 

metal ions and humic acid, the growth rate was almost similar. In case of 2x treated groups, 

the germination rate in both the groups (inoculated and un-inoculated) decreases. In the 

presence of metal ions and humic acid, a slight increment of Germination rate has been 

observed in both the inoculated groups of 1x and 2x groups (Table 23).  

 

Table 23: Germination rate of carbendazim treated seeds supplemented with metal ions (Fe
++

 

and Cu
++

) and humic acid on un-inoculated and inoculated bacterial suspensions 

 

Treatment 

1x Carbendazim (G.R. %) 2x Carbendazim (G.R. %) 

Un-inoculated Inoculated Un-inoculated Inoculated 
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60% 60% 40% 50% 

Cu
++

 40% 60% 30% 50% 

Fe
++

 60% 80% 50% 70% 

Humic acid 80% 80% 80% 70% 

 

6.4.2.5 Effect of Glyphosate, metal ions (Fe
++

 and Cu
++

) and humic acid on un-

inoculated and inoculated bacterial suspensions 

In addition of Glyphosate, the germination rate in the un-inoculated is inhibited. Not even a 

single seed showed germination rate, but in the addition of metal ions, the germination rate 

was increased up to 20-40%. In inoculated groups, germination rate increased significantly 

with the addition of metal ions. In 1x concentration, the germination rate was higher than the 

un-inoculated groups and in 2x only small percentage germination rate was observed (Table 

24). 

 

Table 24: Germination rate of glyphosate-treated seeds supplemented with metal ions (Fe
++

 

and Cu
++

) and humic acid on un-inoculated and inoculated bacterial suspensions 

 

Treatment 

1x Glyphosate (G.R. %) 2x Glyphosate (G.R. %) 

Un-inoculated Inoculated Un-inoculated Inoculated 

0% 50% 0% 10% 

Cu
++

 20% 40% 10% 20% 

Fe
++

 30% 60% 10% 20% 

Humic acid 40% 70% 20% 30% 

 

6.4.2.6 Effect of Monocrotophos, metal ions (Fe
++

 and Cu
++

) and humic acid on un-

inoculated and inoculated bacterial suspensions 

In Un-inoculated groups, on the addition of 1x concentration (recommended) of 

Monocrotophos to the wheat plant, germination rate was found to be non-affected. Inhibition 

of germination rate was found more when 2x Monocrotophos was applied on to the crop 

compared to a 1x dose level of Monocrotophos. Most interestingly, when the dose of metal 

ions (100 mg/L of each Fe
++

 and Cu
++

) and humic acid were added, there was an increase in 

plant growth. 

In inoculated groups, on the addition of 1x concentration of Monocrotophos, the germination 

rate in inoculated groups was similar as compared to un-inoculated groups. In addition of 

metal ions and humic acid, the growth rate increased in 1x treated samples. In case of 2x 
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treated groups, the germination rate in both the groups (inoculated and un-inoculated) 

decreases. In the presence of metal ions and humic acid, a slight increment was been 

observed (Table 25). 

 

Table 25: Germination rate of monocrotophos treated seeds supplemented with metal ions 

(Fe
++

 and Cu
++

) and humic acid on un-inoculated and inoculated bacterial suspensions 

 

Treatment 

1x Monocrotophos (G.R. %) 2x Monocrotophos (G.R. %) 

Un-inoculated Inoculated Un-inoculated Inoculated 

60% 60% 20% 30% 

Cu
++

 60% 70% 20% 30% 

Fe
++

 70% 80% 30% 40% 

Humic acid 70% 80% 40% 50% 

 

6.4.2.7 Effect of Phorate, metal ions (Fe
++

 and Cu
++

) and humic acid on un-inoculated 

and inoculated bacterial suspensions 

In Un-inoculated groups, on the addition of 1x concentration of Phorate to the wheat plant, 

germination rate was found to be highly affected. Inhibition of germination rate was found 

more when 2x Phorate was applied on to the crop compared to a 1x dose level of Phorate. 

Most interestingly, when the dose of metal ions (100 mg/L of each Fe
++

 and Cu
++

) and humic 

acid were added, there was an increase in plant growth. 

In inoculated groups, on the addition of 1x concentration of Phorate, the germination rate in 

inoculated groups was different as compared to un-inoculated groups. In addition of metal 

ions and humic acid, the growth rate increased in 1x treated samples. In case of 2x treated 

groups, the germination rate in the inoculated group decreases. In the presence of metal ions 

and humic acid, a slight increment in growth has been observed (Table 26) 

 

Table 26: Germination rate of phorate treated seeds supplemented with metal ions (Fe
++

 and 

Cu
++

) and humic acid on un-inoculated and inoculated bacterial suspensions 

 

Treatment 

1x Phorate (G.R. %) 2x Phorate (G.R. %) 

Un-inoculated Inoculated Un-inoculated Inoculated 

50% 60% 30% 30% 

Cu
++

 60% 60% 40% 30% 

Fe
++

 60% 70% 40% 40% 

Humic acid 70% 80% 50% 50% 
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6.4.3 Effect of pesticides on length of radical and plumule treated with and without 

metal ions and humic acid 

The length of radical and plumule was measured after 3 days of seed germination. It was 

observed in all the cases, that 1x and 2x concentrations of pesticides inhibit all three 

parameters. But with the addition of metal ions and humic acid with a different concentration 

of pesticides, stimulation in all the three parameters was observed at significant level p < 

0.05. Glyphosate was found more toxic showing complete inhibition of radical and plumule 

growth in untreated groups at both the concentrations than rest of the pesticides (Table 27).    
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Table 27: Effect of different pesticides on growth of radical and plumule germination supplemented with metal ions (Fe
++

 and Cu
++

) and humic 

acid on un-inoculated and inoculated bacterial suspensions at significant level p < 0.05 

 

Treatment  Radicle (in cm) Plumule (in cm) 

Control 1.94±0.09 
2.85±0.04 

100 mg/L Cu
++

 0.98±0.12 
1.86±0.07 

100 mg/L Fe
++

 1.62±0.09 
2.58±0.04 

100 mg/L Humic acid 3.03 ±1.01 
3.84±0.05 

 1x PC BS + 1x PC 2x PC BS + 2x PC 1x PC BS + 1x PC 2x PC BS + 2x PC 

Acephate (ACP) 
1.8±0.07 2.04±0.03 1.07±0.04 1.80±0.04 1.42±0.06 1.65±0.04 1.12±0.06 1.08±0.04 

ACP + 100 mg/L Cu
++

 
1.6±0.05 1.86±0.04 0.96±0.04 1.17±0.06 1.04±0.04 1.08±0.09 0.88±0.08 0.83±0.05 

ACP + 100 mg/L Fe
++

 
2.10±0.09 2.5±0.06 1.79±0.02 2.07±0.05 1.85±0.09 1.93±0.06 0.95±0.04 1.33±0.03 

ACP+ 100 mg/L HA 
2.49±0.01 3.17±0.04 1.16±0.04 3.03±0.04 1.87±0.05 2.2±0.1 0.94±0.06 2.73±0.11 

Atrazine (ATR) 
1.52±0.09 1.9±0.05 1.08±0.07 1.60±0.07 1.26±0.06 1.73±0.08 1.09±0.09 1.48±0.03 

ATR + 100 mg/L Cu
++

 
1.83±0.09 2.12±0.07 1.23±0.09 1.66±0.09 1.61±0.04 2.05±0.05 0.94±0.06 1.04±0.05 

ATR + 100 mg/L Fe
++

 
2.05±0.11 2.28±0.06 1.51±0.05 1.81±0.04 1.12±0.05 1.48±0.07 0.95±0.06 1.08±0.07 

ATR + 100 mg/L HA 
2.55±0.09 2.86±0.05 1.75±0.07 1.88±0.09 2.51±0.06 2.7±0.1 1.26±0.05 1.25±0.22 

Carbendazim (CBZ) 
3.06±0.15 3.88±0.05 2.44±0.04 2.69±0.08 1.81±0.07 2.39±0.09 1.47±0.03 1.73±0.06 

CBZ + 100 mg/L Cu
++

 
1.15±0.04 1.80±0.03 1.68±0.03 1.89±0.08 1.38±0.06 1.56±0.07 1.11±0.02 1.43±0.10 

CBZ + 100 mg/L Fe
++

 
3.96±0.01 4.63±0.02 3.84±0.05 4.46±0.05 3.16±0.05 3.42±0.09 2.48±0.08 3.27±0.07 

CBZ + 100 mg/L HA 
4.29±0.07 4.68±0.05 4.13±0.03 4.49±0.08 3.19±0.07 3.76±0.06 2.81±0.03 3.20±0.030 
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Glyphosate (GP) 
0 0.30±0.03 0 0 0 0.35±0.05 0 0 

GP + 100 mg/L Cu
++

 
0 0.35±0.04 0 0 0 0.35±0.04 0 0 

GP + 100 mg/L Fe
++

 
0.53±0.02 0.66±0.04 0.23±0.05 0.39±0.07 0.20±0.03 0.37±0.03 0.11±0.03 0.24±0.05 

GP + 100 mg/L HA 
0.89±0.01 1.30±0.04 0.61±0.03 0.8±0.06 0.8±0.04 0.94±0.05 0.25±0.05 0.62±0.07 

Monocrotophos (MC) 
2.43±0.07 3.06±0.06 2.23±0.06 3.10±0.06 1.89±0.08 2.21±0.07 1.85±0.07 1.20±0.06 

MC + 100 mg/L Cu
++

 
1.75±0.04 2.45±0.03 1.42±0.03 1.97±0.06 1.51±0.06 2.06±0.06 1.06±0.04 1.20±0.07 

MC + 100 mg/L Fe
++

 
2.91±0.03 3.39±0.05 2.17±0.06 2.50±0.09 2.73±0.05 3.16±0.04 1.7±0.08 2.38±0.02 

MC + 100 mg/L HA 
3.08±0.04 3.75±0.04 2.87±0.07 3.45±0.05 2.82±0.04 3.68±0.06 2.39±0.06 3.10±0.03 

Phorate (PR) 
2.14±0.07 2.53±0.07 0.99±0.07 1.29±0.06 1.87±0.06 2.1±0.08 0.63±0.05 0.81±0.04 

PR + 100 mg/L Cu
++

 
1.64±0.05 1.94±0.06 0.85±0.06 1.11±0.04 0.83±0.08 1.27±0.09 0.47±0.09 0.65±0.09 

PR + 100 mg/L Fe
++

 
2.23±0.04 2.92±0.05 1.85±0.04 2.29±0.09 1.58±0.04 2.47±0.07 1.24±0.10 1.81±0.07 

PR + 100 mg/L HA 
3.08±0.05 3.84±0.03 2.20±0.02 2.85±0.04 3.51±0.08 3.89±0.11 2.09±0.08 2.50±0.11 

 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values). 

Where 1x PC = recommended concentration of Pesticide; BS + 1x PC = Bacterial Suspension + recommended concentration of Pesticide; 2x PC 

= Twice recommended concentration of pesticide; BS + 2x PC = Bacterial Suspension + Twice recommended concentration of Pesticide; Cu
++

 = 

Copper Chloride; Fe
++

 = Ferrous Chloride and HA = Humic Acid. 
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6.4.4 Soils collection and characterization for pot experimentation 

This work is carried out in the Department of Biotechnology, under the domain of School of 

bio-engineering and biosciences in the month of November to March 2016. The 

physiochemical characteristics of the soil are in table 28. 

Table 28: Physiochemical characterization of soil 

 

Particulars 

Unit Soil test 

value 

Status Soil test Rating 

Acidic Neutral Alkaline 

pH  7.6 Alkaline <6.5 6.5-7.5 >7.5 

 Non-Saline Increasingly Saline 

Electric Conductivity ds/m 0.06 Non-Saline <1.0 1.0-2.0 >2.0 

 Low Medium High 

Organic Carbon kg/ha 0.30 Low <0.50 0.50-0.75 >0.75 

Avail. Nitrogen kg/ha 62.8 Low <250 250-500 >500 

Avail. Phosphorous kg/ha 11.8 Medium <10 10-25 >25 

Avail. Potassium kg/ha 87.2 Low <125 125-250 >250 

Exch. Calcium mg/L 487 Low <500 500-1000 >1000 

Exch. Magnesium mg/L 363.4 High <125 125-250 >250 

Avail. Sulphur mg/L 16.3 Medium <10 10-50 >50 

Avail. Zinc mg/L 1.76 Medium <1 1.0-5.0 >5.0 

Avail. Copper mg/L 0.78 Medium <0.5 0.5-2.5 >2.5 

Avail. Iron mg/L 42.6 High <2.5 2.5-10.0 >10.0 

Avail. Manganese mg/L 11.3 Medium <5.0 5.0-20.0 >20.0 

Boron mg/L 0.19 Low <0.5 0.5-1.0 >1.0 

 

6.4.5 Effect of pesticides Cu
++

, Fe
++

 and humic acid on plant growth parameters, 

chlorophyll and carotenoid content 

 

6.4.5.1 Effect of Acephate on wheat growth, Chlorophyll content and total carotenoids 

on recommended and higher doses in the presence of Cu
++

, Fe
++

 and humic acid. 

The length of the wheat plant was measured after 60 days of seed germination. It was 

observed in all the cases, that 1x and 2x concentrations of pesticides inhibit all four 

parameters. But with the addition of Fe
++

 and humic acid witha different concentration of 

pesticides, stimulation in the three parameters was observed at significant level p < 0.05 
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except Cu
++

. The length of the plant (Table 29), chlorophyll a content (Table 30), chlorophyll 

b content (Table 31) and carotenoids (Table 32) summarizes the pessimistic effect of 

acephate on plant growth. Similar effects were observed on the concentrations of 

photosynthetic pigmentation production by the plant. Another similar study by Rajashekar, et 

al. (2012) in which the abiotic stress caused by pendamethalin among Zea mays L. cv 

NAAC- 6002 and illustrated that germination under control condition was maximum about 

95%, whereas drastic declination in germination percentage was observed among the seeds 

sets which were treated with high amount of pendimethalin. An acute declination of 69% was 

visualized on using the 10 ppm solution of pendimethalin which contributed its role in 

initiating the consequences of the herbicide in eradication and mobilization process during 

seed reserves. The study conducted by Moore and Kroger (2010) also highlights the effect of 

insecticides and herbicides (individually as well as in combination) on a seedling of rice 

germination conditions.  

Table 29: Effect of Acephate on physical parameters (height) of plant (cm) at significant 

level p < 0.05  

Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 26.4±0.56 22.2±0.40 29.33±0.56 27.67±0.42 

No bacteria 1x Acephate 22.4±0.46 27.3±0.47 21.2±0.65 27.6±0.53 

No bacteria 2x Acephate 19.97±0.75 24.1±0.61 18.4±0.45 25.93±0.45 

Pseudomonas sp. ACP_01 Control 32.3±0.46 29.8±0.62 33.07±0.40 30.23±0.47 

Pseudomonas sp. ACP_01 1x Acephate 27.97±0.65 25.1±0.55 27.4±0.55 25.97±0.35 

Pseudomonas sp. ACP_01 2x Acephate 20.2±0.36 18.4±0.55 22.3±0.43 23.17±0.47 

Pseudomonas sp. ACP_02 Control 30.33±0.5 25.3±0.60 27.9±0.45 28.37±0.5 

Pseudomonas sp. ACP_02 1x Acephate 27.07±0.7 22.6±0.45 26.33±0.47 27.33±0.57 

Pseudomonas sp. ACP_02 2x Acephate 22.27±0.49 24±0.65 26.87±0.41 27.03±0.42 

Pseudomonas sp. ACP_03 Control 28.33±0.4 21.5±0.66 27.9±0.75 28.8±0.56 

Pseudomonas sp. ACP_03 1x Acephate 26.33±0.47 23±0.4 27.07±0.65 25.97±0.45 

Pseudomonas sp. ACP_03 2x Acephate 24.13±0.61 29.9±0.70 24.23±0.61 23.17±0.6 

Bacterial Suspension Control 37.07±0.45 32.1±0.56 40.23±0.56 33.53±0.45 

Bacterial Suspension 1x Acephate 31.2±0.56 27.4±0.45 37.13±0.70 28.27±0.57 

Bacterial Suspension 2x Acephate 28.17±0.4 24.3±0.55 31.23±0.55 21.83±0.55 

Values are the mean of triplicates.  
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± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 

 

Table 30: Content of chlorophyll A in wheat (ug/mL) as mono-cropping system in Acephate 

contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at significant level p < 0.05 

Isolates Treatment Control 100 mg/L  

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 0.84±0.04 0.52±0.04 1.04±0.07 0.93±0.06 

No bacteria 1x Acephate 0.94±0.05 0.58±0.04 0.92±0.03 0.87±0.06 

No bacteria 2x Acephate 0.66±0.03 0.56±0.03 0.72±0.05 0.67±0.05 

Pseudomonas sp. ACP_01 Control 1.14±0.08 1.05±0.06 1.72±0.1 1.23±0.08 

Pseudomonas sp. ACP_01 1x Acephate 1.03±0.06 0.93±0.04 1.18±0.05 1.04±0.06 

Pseudomonas sp. ACP_01 2x Acephate 0.94±0.02 0.83±0.03 1.07±0.13 0.92±0.06 

Pseudomonas sp. ACP_02 Control 1.19±0.16 1.12±0.11 1.75±0.16 1.44±0.08 

Pseudomonas sp. ACP_02 1x Acephate 1.05±0.06 0.92±0.05 1.34±0.06 1.13±0.11 

Pseudomonas sp. ACP_02 2x Acephate 0.84±0.1 0.73±0.05 1.25±0.11 1.05±0.09 

Pseudomonas sp. ACP_03 Control 1.12±0.09 0.79±0.1 1.48±0.1 1.19±0.09 

Pseudomonas sp. ACP_03 1x Acephate 0.92±0.03 0.83±0.06 1.24±0.11 1.14±0.07 

Pseudomonas sp. ACP_03 2x Acephate 0.84±0.04 0.65±0.06 1.09±0.06 0.84±0.05 

Bacterial Suspension Control 1.65±0.04 1.43±0.1 2.14±0.1 1.95±0.1 

Bacterial Suspension 1x Acephate 1.4±0.02 1.22±0.08 1.91±0.03 1.45±0.07 

Bacterial Suspension 2x Acephate 1.3±0.26 1.04±0.07 1.75±0.07 1.22±0.07 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 
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Table 31: Content of chlorophyll b in wheat (ug/mL) as mono-cropping system in Acephate 

contaminated soil supplemented with Cu
2+

, Fe
2+

 and humic acid at significant level p < 0.05 

 

Isolates Treatment Control 100 ppm  

Cu
++

 

100 ppm  

Fe
++

 

100 ppm 

Humic acid 

No bacteria Control 0.6±0.04 0.43±0.07 0.85±0.05 0.7±0.06 

No bacteria 1x Acephate 0.6±0.04 0.5±0.08 0.88±0.04 0.77±0.06 

No bacteria 2x Acephate 0.4±0.06 0.33±0.04 0.62±0.05 0.54±0.05 

Pseudomonas sp. ACP_01 Control 1±0.06 0.88±0.04 1.31±0.08 1.20±0.08 

Pseudomonas sp. ACP_01 1x Acephate 0.8±0.04 0.79±0.06 1.07±0.06 0.94±0.06 

Pseudomonas sp. ACP_01 2x Acephate 0.7±0.04 0.62±0.04 0.79±0.04 0.81±0.07 

Pseudomonas sp. ACP_02 Control 1.1±0.07 0.94±0.04 1.57±0.05 1.35±0.07 

Pseudomonas sp. ACP_02 1x Acephate 0.8±0.15 0.83±0.05 1.23±0.05 1.16±0.06 

Pseudomonas sp. ACP_02 2x Acephate 0.7±0.05 0.7±0.06 0.96±0.05 0.82±0.04 

Pseudomonas sp. ACP_03 Control 0.9±0.06 0.8±0.06 1.14±0.09 1.13±0.07 

Pseudomonas sp. ACP_03 1x Acephate 0.8±0.07 0.73±0.04 0.97±0.06 0.9±0.08 

Pseudomonas sp. ACP_03 2x Acephate 0.7±0.05 0.62±0.04 0.82±0.06 0.71±0.08 

Bacterial Suspension Control 1.4±0.08 1.34±0.07 2.05±0.07 1.82±0.05 

Bacterial Suspension 1x Acephate 1±0.05 1.1±0.06 1.43±0.05 1.36±0.05 

Bacterial Suspension 2x Acephate 0.8±0.05 0.92±0.05 1.23±0.04 1.03±0.04 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 
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Table 32: Content of carotenoids in wheat (ug/mL) as mono-cropping system in Acephate 

contaminated soil supplemented with Cu
2+

, Fe
2+

 and humic acid at significant level p < 0.05 

 

Isolates Treatment Control 100 ppm  

Cu
++

 

100 ppm  

Fe
++

 

100 ppm 

Humic acid 

No bacteria Control 0.10±0.005 0.07±0.006 0.133±0.005 0.112±0.010 

No bacteria 1x Acephate 0.11±0.006 0.096±0.007 0.144±0.007 0.124±0.006 

No bacteria 2x Acephate 0.09±0.006 0.083±0.006 0.112±0.010 0.097±0.005 

Pseudomonas sp. ACP_01 Control 0.32±0.009 0.248±0.007 0.367±0.008 0.318±0.006 

Pseudomonas sp. ACP_01 1x Acephate 0.29±0.007 0.185±0.007 0.323±0.007 0.303±0.005 

Pseudomonas sp. ACP_01 2x Acephate 0.21±0.006 0.163±0.007 0.284±0.008 0.265±0.006 

Pseudomonas sp. ACP_02 Control 0.34±0.007 0.315±0.007 0.379±0.006 0.344±0.007 

Pseudomonas sp. ACP_02 1x Acephate 0.30±0.009 0.194±0.006 0.354±0.004 0.337±0.004 

Pseudomonas sp. ACP_02 2x Acephate 0.25±0.006 0.176±0.006 0.311±0.009 0.293±0.006 

Pseudomonas sp. ACP_03 Control 0.21±0.008 0.192±0.005 0.295±0.006 0.244±0.004 

Pseudomonas sp. ACP_03 1x Acephate 0.16±0.006 0.442±0.016 0.212±0.009 0.174±0.007 

Pseudomonas sp. ACP_03 2x Acephate 0.14±0.006 0.093±0.006 0.114±0.009 0.13±0.005 

Bacterial Suspension Control 0.36±0.009 0.282±0.006 0.408±0.007 0.394±0.005 

Bacterial Suspension 1x Acephate 0.34±0.007 0.215±0.007 0.388±0.006 0.365±0.007 

Bacterial Suspension 2x Acephate 0.29±0.065 0.165±0.007 0.365±0.017 0.346±0.006 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 

6.4.5.2 Effect of Atrazine on wheat growth, Chlorophyll content and total carotenoids 

on recommended and higher doses in the presence of Cu
++

, Fe
++

 and humic acid. 

Impacts of two dose levels (1x and 2x) of Atrazine on the physical parameters (height) of 

growing wheat crops were studied and were found significantly affected by the applications 

of atrazine. When plants were at anthesis stage, the height of stem and head of each plant 

were measured. At a 1x dose level of atrazine, the height of stem and head was found to be 

reduced, while, on the application of 2x of Atrazine the height of stem and head was also 

reduced as compared to control (Table 33).  

To check the effect of Cu
++

, Fe
++

 and humic acid on wheat growth experiment were also 

carried out in presence of Atrazine (1x and 2x). A significant decrease in the weight of 

chlorophyll content/ carotenoid and height of stem was observed and it was found that with 
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the additional supply of Fe
++

 and humic acid, plant growth was found to be increased at 

significant level p < 0.05. Consequently, the chlorophyll A content (Table 34), chlorophyll b 

content (Table 35) carotenoid (Table 36) as well as in height of stem and head was observed. 

A similar experiment was carried out to investigate the effect of two herbicides and three 

insecticides on coleoptiles, radical and germination of rice seeds. The effect of pesticides on 

shoot germination was significantly decreased in lambda cyhalothrin, diazinon, metachlor 

and atrazine mixture treated groups. From the pesticides that were used, fipronil indicated the 

least percent of seed germination i.e. 76% in the examination with a control which was 80%, 

in as much as on the different side diazinon indicated 85% in the examination to control 

(Moore and Kroger 2010). The effect declination around 85% plant density, 67% plant height 

and 91% dry weight was observed for germination of Hemp sesbania which was treated with 

naproanilide and 2-naphthyloxy propionic acid at 2.25kg/Ha as documented by Hirase and 

Molin in the year 2002.  The reaction of herbicide named pendimethalin and trifluralin, which 

inhibits the early growth and seed germination in Zea mays L. Crops (Nehru et al., 1999). 

Moreover, it has been found that atrazine and metribuzin have the toxic effect, which reduces 

the amount of photosynthate transferred to the radicle and the in vitro study conducted on the 

Bradyrhizobium for evaluation of these two herbicides on consequences of the functionality 

of the plant. Data from the studies strengthen the concept that the atrazine and metribuzin are 

harmful and affect this plant in association with a bacterium which indirectly affects the 

nodulation and yield of crops (Alonge, 2000).  

Kaushik and Inderjit (2006) established the fact that beans grown in soil treated with 

herbicides, illustrated the consistent decrease in the level of chlorophyll (chl) when the 

concentration of the herbicide increased. They concluded that almost all the symptoms of 

biochemical origin are related to toxicity level of pesticides, which results in declination of 

chlorophyll content and oxidation process activation.  

Table 33: Effect of Atrazine on physical parameters (height) of plant or plant growth (in cm) 

at significant level p < 0.05  

 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values). 
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Table 34: Content of chlorophyll A in wheat (ug/mL) as mono-cropping system in Atrazine 

contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at significant level p < 0.05 

Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

HA 

No bacteria Control 0.86±0.04 0.54±0.05 1.14±0.06 0.91±0.07 

No bacteria 1x Atrazine 1.15±0.08 0.93±0.05 1.44±0.09 1.31±0.05 

No bacteria 2x Atrazine 1.04±0.08 0.83±0.04 1.17±0.08 1.05±0.07 

Streptomycetaceae bacterium RK1 Control 1.75±0.08 1.53±0.04 1.9±0.07 1.72±0.08 

Streptomycetaceae bacterium RK1 1x Atrazine 1.54±0.09 1.34±0.05 1.62±0.04 1.55±0.05 

Streptomycetaceae bacterium RK1 2x Atrazine 1.31±0.06 1.14±0.07 1.33±0.05 1.23±0.05 

P. fluorescens strain RK2 Control 1.33±0.04 1.02±0.04 1.69±0.07 1.58±0.06 

P. fluorescens strain RK2 1x Atrazine 1.22±0.05 0.92±0.05 1.55±0.06 1.33±0.08 

P. fluorescens strain RK2 2x Atrazine 0.94±0.03 0.84±0.07 1.23±0.05 1.03±0.08 

A. chroococcum strain RK3 Control 1.17±0.08 0.86±0.05 1.54±0.05 1.32±0.09 

A. chroococcum strain RK3 1x Atrazine 0.97±0.05 0.83±0.05 1.33±0.06 1.07±0.09 

A. chroococcum strain RK3 2x Atrazine 0.80±0.08 0.69±0.07 1.05±0.07 0.94±0.06 

R. leguminosarum strain RK4 Control 1.44±0.03 1.04±0.01 1.66±0.09 1.54±0.19 

R. leguminosarum strain RK4 1x Atrazine 1.16±0.02 0.99±0.06 1.38±0.11 1.34±0.22 

R. leguminosarum strain RK4 2x Atrazine 0.93±0.05 0.81±0.04 1.22±0.14 1.11±0.14 

Bacterial Suspension Control 1.82±0.06 1.63±0.09 2.05±0.07 1.88±0.07 

Bacteria suspension 1x Atrazine 1.43±0.05 1.25±0.07 1.87±0.07 1.54±0.09 

Bacteria suspension 2x Atrazine 1.22±0.06 1.066±0.06 1.61±0.05 1.05±0.06 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 
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Table 35: Content of chlorophyll b in wheat (ug/mL) as mono-cropping system in Atrazine 

contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at significant level p < 0.05 

 

Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 0.65±0.06 0.39±0.02 0.82±0.06 0.70±0.07 

No bacteria 1x Atrazine 1.04±0.07 0.84±0.05 1.27±0.11 1.14±0.08 

No bacteria 2x Atrazine 0.86±0.09 0.65±0.05 1.04±0.06 0.92±0.06 

Streptomycetaceae bacterium RK1 Control 1.41±0.09 1.08±0.10 1.68±0.10 1.55±0.08 

Streptomycetaceae bacterium RK1 1x Atrazine 1.27±0.06 0.91±0.05 1.43±0.06 1.30±0.08 

Streptomycetaceae bacterium RK1 2x Atrazine 1.03±0.09 0.72±0.03 1.15±0.07 1.05±0.09 

P. fluorescens strain RK2 Control 1.16±0.07 1.32±0.07 1.88±0.06 1.61±0.07 

P. fluorescens strain RK2 1x Atrazine 0.93±0.05 1±0.08 1.41±0.06 1.35±0.05 

P. fluorescens strain RK2 2x Atrazine 0.73±0.07 0.83±0.04 1.13±0.05 1.05±0.11 

A. chroococcum strain RK3 Control 0.92±0.05 0.73±0.05 1.23±0.04 1.04±0.13 

A. chroococcum strain RK3 1x Atrazine 0.81±0.05 0.62±0.06 0.90±0.04 0.82±0.06 

A. chroococcum strain RK3 2x Atrazine 0.61±0.05 0.44±0.07 0.76±0.06 0.71±0.07 

R. leguminosarum strain RK4 Control 1.56±0.09 1.24±0.17 1.6±0.09 1.68±0.08 

R. leguminosarum strain RK4 1x Atrazine 1.34±0.11 1.09±0.07 1.44±0.10 1.52±0.06 

R. leguminosarum strain RK4 2x Atrazine 1.19±0.07 0.98±0.05 1.23±0.13 1.34±0.05 

Bacterial Suspension Control 1.69±0.06 1.14±0.07 1.87±0.05 1.7±0.06 

Bacteria suspension 1x Atrazine 1.31±0.04 0.89±0.07 1.55±0.06 1.48±0.06 

Bacteria suspension 2x Atrazine 1.03±0.06 0.67±0.06 1.17±0.06 1.02±0.08 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 

 

 

 

 

 

 

 

 

 

 

 



116 
 

Table 36: Content of carotenoids in wheat (ug/mL) as mono-cropping system in Atrazine 

contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at significant level p < 0.05 

 

Isolates Treatment Control 100 mg/L  

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 0.401±0.050 0.070±0.007 0.133±0.006 0.114±0.008 

No bacteria 1x Atrazine 0.204±0.007 0.187±0.006 0.220±0.009 0.205±0.008 

No bacteria 2x Atrazine 0.172±0.008 0.142±0.006 0.187±0.004 0.186±0.007 

Streptomycetaceae bacterium RK1 Control 0.351±0.008 0.310±0.009 0.372±0.004 0.325±0.007 

Streptomycetaceae bacterium RK1 1x Atrazine 0.322±0.010 0.291±0.007 0.337±0.008 0.312±0.012 

Streptomycetaceae bacterium RK1 2x Atrazine 0.284±0.015 0.262±0.009 0.315±0.005 0.285±0.006 

P. fluorescens strain RK2 Control 0.326±0.008 0.287±0.009 0.331±0.004 0.315±0.005 

P. fluorescens strain RK2 1x Atrazine 0.277±0.009 0.245±0.008 0.287±0.007 0.264±0.007 

P. fluorescens strain RK2 2x Atrazine 0.246±0.007 0.215±0.013 0.261±0.007 0.235±0.012 

A. chroococcum strain RK3 Control 0.265±0.006 0.206±0.009 0.245±0.008 0.203±0.015 

A. chroococcum strain RK3 1x Atrazine 0.193±0.012 0.165±0.007 0.205±0.007 0.191±0.006 

A. chroococcum strain RK3 2x Atrazine 0.166±0.009 0.114±0.006 0.185±0.009 0.167±0.006 

R. leguminosarum strain RK4 Control 0.282±0.11 0.240±0.024 0.294±0.011 0.267±0.022 

R. leguminosarum strain RK4 1x Atrazine 0.204±0.09 0.194±0.017 0.255±0.019 0.222±0.017 

R. leguminosarum strain RK4 2x Atrazine 0.187±0.061 0.166±0.004 0.211±0.007 0.188±0.02 

Bacterial Suspension Control 0.361±0.008 0.355±0.007 0.387±0.009 0.375±0.007 

Bacteria suspension 1x Atrazine 0.338±0.007 0.315±0.009 0.356±0.008 0.341±0.007 

Bacteria suspension 2x Atrazine 0.282±0.006 0.266±0.007 0.286±0.006 0.262±0.009 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 

6.4.5.3 Effect of Carbendazim on wheat growth, Chlorophyll content and total 

carotenoids on recommended and higher doses in the presence of Cu
++

, Fe
++

 and humic 

acid. 

Impacts of two dose levels (1x and 2x) of carbendazim on the physical parameters (height) of 

growing wheat crops were studied and were found significantly affected with the applications 

of carbendazim (Table 37). When plants were at anthesis stage, the height of stem and head 

of each plant were measured. At a 1x dose level of carbendazim, the height of stem and head 
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was found to be normal, while, on the application of 2x of Carbendazim the height of stem 

and head was also same as compared to control.  

To check the effect of Cu
++

, Fe
++

 and humic acid on wheat growth experiment were also 

carried out in presence of Carbendazim (1x and 2x). Significant gain in the weight of 

chlorophyll content/ carotenoid and height of stem were observed at significant level p < 0.05 

and it was found that with the additional supply of Fe
++

 and humic acid, plant growth was 

found to be increased, consequently, the chlorophyll A content (Table 38), chlorophyll b 

content (Table 39) and carotenoid (Table 40) as well as in height of stem and head was 

observed. Development in crops doesn’t take place at the persistent rate. Development 

process continues throughout the life of a plant, which involves the enlargement of organs 

and gathering of the biomass (dry), predominantly in the form of sugar at the different parts 

of the plant (Durbak et al., 2012). Assessment of plant growth is the first step to acquire 

knowledge about the performances and productivity of the plant which is observed at the 

different level of plant growth for its survival in adverse conditions in which rate limiting 

factors are incorporated. In our study, we tried to explore the role of pesticide concentration 

in declining the growth and development of wheat and we found that carbendazim has no or 

little effect on the plant growth and was found to be increased, consequently, the chlorophyll 

A content. 

 

Table 37: Effect of carbendazim on physical parameters (height) of plant or plant growth (in 

cm) at significant level p < 0.05 

Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 26.46±0.75 22.6±0.5 29.20±0.46 27.93±0.40 

No bacteria 1x Carbendazim 26.56±1.00 26.86±0.60 27.43±0.54 24.86±0.55 

No bacteria 2x Carbendazim 24.4±0.75 27.23±0.55 27.56±0.75 24.56±0.50 

Actinomyces sp. CB1 Control 33.1±0.45 28.15±0.47 35.16±0.66 29.26±0.58 

Actinomyces sp. CB1 1x Carbendazim 29.03±0.35 24.14±0.58 38.16±0.65 27.33±0.45 

Actinomyces sp. CB1 2x Carbendazim 24.36±0.61 23.39±0.44 32.16±0.55 25.9±0.45 

B. subtilis strain CB2 Control 27.63±0.55 27.38±0.53 24.26±0.65 33.13±0.51 

B. subtilis strain CB2 1x Carbendazim 32.1±0.45 29.17±0.32 25.8±0.7 29.45±0.67 

B. subtilis strain CB2 2x Carbendazim 24.96±0.56 27.13±0.41 24.96±0.35 26.96±0.55 

P. aeruginosa CB3 Control 26.33±0.60 23.08±0.65 25.36±0.55 27.96±0.65 
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P. aeruginosa CB3 1x Carbendazim 24.93±0.30 23.26±0.58 26.9±0.45 26.56±0.73 

P. aeruginosa CB3 2x Carbendazim 24.4±0.45 21.14±0.47 25.4±0.45 24.46±0.65 

R.leguminosarum CB4 Control 28.41±0.86 26.5±1.12 30.86±1.84 33.84±0.54 

R.leguminosarum CB4 1x Carbendazim 26.24±0.74 24.86±1.66 28.42±1.71 30.4±0.68 

R.leguminosarum CB4 2x Carbendazim 25.63±0.91 23.23±0.97 26.53±1.12 29.34±0.47 

Bacterial Suspension Control 32.06±0.30 29.20±0.52 29.9±0.65 35.1±0.55 

Bacterial Suspension 1x Carbendazim 31.36±0.41 27.18±0.54 33.73±0.55 34.3±0.60 

Bacterial Suspension 2x Carbendazim 29.13±0.3 28.44±0.59 30.23±0.60 29.36±0.65 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 

Table 38: Content of chlorophyll A in wheat (ug/mL) as a mono-cropping system in 

Carbendazim contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid. at significant 

level p < 0.05 

 

Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 0.826±0.045 0.543±0.047 1.136±0.086 0.93±0.045 

No bacteria 1x Carbendazim 1.436±0.060 1.136±0.090 1.733±0.056 1.553±0.065 

No bacteria 2x Carbendazim 1.313±0.080 1.06±0.0866 1.596±0.080 1.453±0.094 

Actinomyces sp. CB1 Control 1.523±0.055 1.176±0.080 1.926±0.065 1.846±0.095 

Actinomyces sp. CB1 1x Carbendazim 1.473±0.070 1.136±0.075 1.906±0.060 1.813±0.041 

Actinomyces sp. CB1 2x Carbendazim 1.433±0.037 1.093±0.100 1.833±0.050 1.733±0.045 

B. subtilis strain CB2 Control 1.756±0.065 1.336±0.055 1.886±0.075 1.876±0.050 

B. subtilis strain CB2 1x Carbendazim 1.696±0.065 1.286±0.061 1.893±0.045 1.793±0.041 

B. subtilis strain CB2 2x Carbendazim 1.643±0.085 1.283±0.040 1.863±0.065 1.753±0.041 

P. aeruginosa CB3 Control 1.573±0.060 1.296±0.061 1.623±0.060 1.61±0.065 

P. aeruginosa CB3 1x Carbendazim 1.543±0.087 1.276±0.060 1.616±0.05 1.553±0. 070 

P. aeruginosa CB3 2x Carbendazim 1.456±0.068 1.226±0.040 1.546±0.061 1.483±0.075 

R.leguminosarum CB4 Control 1.463±0.044 1.375±0.097 1.614±0.14 1.55±0.097 

R.leguminosarum CB4 1x Carbendazim 1.392±0.056 1.345±0.083 1.587±0.11 1.447±0.091 

R.leguminosarum CB4 2x Carbendazim 1.373±0.068 1.304±0.096 1.515±0.10 1.422±0.087 

Bacterial Suspension Control 1.913±0.055 1.763±0.070 2.103±0.070 1.976±0.055 
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-Bacterial Suspension 1x Carbendazim 1.866±0.040 1.686±0.040 2.026±0.086 1.843±0.080 

Bacterial Suspension 2x Carbendazim 1.806±0.041 1.613±0.061 1.866±0.077 1.796±0.075 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 

 

 

 

Table 39: Content of chlorophyll b in wheat (ug/mL) as mono-cropping system in 

Carbendazim contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at significant 

level p < 0.05 

 

Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 0.64±0.045 0.406±0.070 0.873±0.080 0.706±0.065 

No bacteria 1x Carbendazim 1.143±0.098 0.856±0.058 1.246±0.083 1.083±0.075 

No bacteria 2x Carbendazim 1.143±0.065 0.86±0.055 1.196±0.065 1.006±0.070 

Actinomyces sp. CB1 Control 1.317±0.070 1.036±0.076 1.33±0.065 1.173±0.085 

Actinomyces sp. CB1 1x Carbendazim 1.29±0.075 0.993±0.045 1.343±0.055 1.133±0.087 

Actinomyces sp. CB1 2x Carbendazim 1.273±0.075 0.933±0.060 1.293±0.060 1.046±0.070 

B. subtilis strain CB2 Control 1.423±0.040 1.116±0.110 1.546±0.055 1.446±0.080 

B. subtilis strain CB2 1x Carbendazim 1.42±0.062 1.063±0.076 1.53±0.055 1.333±0.050 

B. subtilis strain CB2 2x Carbendazim 1.38±0.065 1.066±0.102 1.486±0.060 1.34±0.055 

P. aeruginosa CB3 Control 1.393±0.061 1.07±0.111 1.406±0.065 1.356±0.065 

P. aeruginosa CB3 1x Carbendazim 1.326±0.045 1.123±0.087 1.343±0.100 1.383±0.061 

P. aeruginosa CB3 2x Carbendazim 1.323±0.058 1.05±0.098 1.376±0.065 1.293±0.075 

R.leguminosarum CB4 Control 1.372±0.057 1.240±0.076 1.465±0.084 1.422±0.066 

R.leguminosarum CB4 1x Carbendazim 1.324±0.054 1.204±0.089 1.385±0.096 1.377±0.1 

R.leguminosarum CB4 2x Carbendazim 1.288±0.085 1.194±0.12 1.36±0.14 1.14±0.16 

Bacterial Suspension Control 1.756±0.070 1.426±0.060 1.723±0.040 1.556±0.087 

Bacterial Suspension 1x Carbendazim 1.683±0.060 1.383±0.050 1.686±0.051 1.6±0.081 

Bacterial Suspension 2x Carbendazim 1.653±0.075 1.353±0.070 1.686±0.050 1.536±0.045 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 



120 
 

 

 

 

 

 

 

 

 

 

 

Table 40: Content of carotenoids in wheat (ug/mL) as mono-cropping system in 

Carbendazim contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at significant 

level p < 0.05 

 

Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 0.107±0.010 0.070±0.007 0.135±0.006 0.113±0.010 

No bacteria 1x Carbendazim 0.29±0.055 0.244±0.008 0.327±0.011 0.291±0.006 

No bacteria 2x Carbendazim 0.275±0.007 0.254±0.006 0.317±0.009 0.291±0.004 

Actinomyces sp. CB1 Control 0.318±0.007 0.296±0.009 0.343±0.005 0.344±0.005 

Actinomyces sp. CB1 1x Carbendazim 0.305±0.008 0.278±0.007 0.345±0.007 0.316±0.007 

Actinomyces sp. CB1 2x Carbendazim 0.303±0.045 0.266±0.008 0.350±0.008 0.315±0.008 

B. subtilis strain CB2 Control 0.413±0.020 0.368±0.007 0.444±0.010 0.427±0.006 

B. subtilis strain CB2 1x Carbendazim 0.397±0.009 0.347±0.009 0.437±0.009 0.412±0.006 

B. subtilis strain CB2 2x Carbendazim 0.403±0.061 0.354±0.007 0.433±0.007 0.411±0.006 

P. aeruginosa CB3 Control 0.383±0.045 0.337±0.009 0.403±0.007 0.426±0.009 

P. aeruginosa CB3 1x Carbendazim 0.378±0.007 0.323±0.008 0.412±0.008 0.412±0.015 

P. aeruginosa CB3 2x Carbendazim 0.373±0.009 0.316±0.021 0.399±0.031 0.393±0.006 

R.leguminosarum CB4 Control 0.394±0.014 0.349±0.01 0.430±0.028 0.426±0.007 

R.leguminosarum CB4 1x Carbendazim 0.387±0.012 0.338±0.006 0.411±0.022 0.421±0.011 

R.leguminosarum CB4 2x Carbendazim 0.379±0.009 0.314±0.008 0.386±0.041 0.396±0.02 

Bacterial Suspension Control 0.433±0.012 0.405±0.013 0.466±0.060 0.453±0.005 

Bacterial Suspension 1x Carbendazim 0.447±0.005 0.391±0.005 0.453±0.009 0.445±0.007 

Bacterial Suspension 2x Carbendazim 0.425±0.006 0.391±0.010 0.451±0.004 0.444±0.008 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values). 
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6.4.5.4 Effect of Glyphosate on wheat growth, Chlorophyll content and total carotenoids 

on recommended and higher doses in the presence of Cu
++

, Fe
++

 and humic acid. 

Impacts of two dose levels (1x and 2x) of glyphosate on the physical parameters (height) of 

growing wheat crops were studied and were found significantly affected and kills all the 

plants with the applications of glyphosate in all the treated and untreated groups. Similar 

studies were conducted by Stevens et al. (2008) in which the impact of imidacloprid on the 

seed of wheat and barley without taking into consideration its phytotoxic and severe effect on 

the plant. The illustrated result provides the significant stimulation instead of the impairment 

by the imidacloprid. Enhancement in growth was observed after the exposure of imidacloprid 

in varing concentrations ranging from 500-1000mg/L. In another study, the limited exposure 

of imidacloprid was given during initial stage of seed wetting prior to sowing/germination, 

showed no effect on the crop. The work conducted by Mishra, et al., (2008) revealed the 

effect of insecticide dimethoate which in high concentration results declination in the length 

of both root and shoot. 

 

6.4.5.5 Effect of Monocrotophos on wheat growth, Chlorophyll content and total 

carotenoids on recommended and higher doses in the presence of Cu
++

, Fe
++

 and humic 

acid. 

Impacts of two dose levels (1x and 2x) of monocrotophos on the physical parameters (height) 

of growing wheat crops were studied and were found significantly affected at significant 

level p < 0.05 (Table 41). When plants were at anthesis stage, the height of stem and head of 

each plant were measured. At a 1x dose level of monocrotophos, the height of stem was 

found to be quite low, while, on the application of 2x of Monocrotophos the height of stem 

and head was also low as compared to control.  

To check the effect of Cu
++

, Fe
++

 and humic acid on wheat growth experiment were also 

carried out in presence of Monocrotophos (1x and 2x). Significant gain in the weight of 

chlorophyll content/ carotenoid and height of stem was observed and it was found that with 

the additional supply of Fe
++

 and humic acid, plant growth was found to be increased, 

consequently, the chlorophyll A (Table 42), chlorophyll b content (Table 43) and carotenoid 

(Table 44) as well as in height of stem and head was observed. A similar observation was 

noticed by Murthy, et al., (2005) for Glycine max L. Almost complete inhibition of growth 

was seen by monocrotophos as documented by Saraf and Sood (2002). For treating the maize, 

there are prescribed a dosage of atrazine, alachlor, imazethapyr, fluometuron and 

rimsulfuron, which notably reduce the size of shoot, fresh and dry weight after 10 days in old 
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maize seedlings during 12 days. The trend of fluometuron, atrazine and alachlor was constant 

during the time of the study; it means that it got nullified after the 5
th

 day when the 

rimsulfuron and imazethapyr treatment was given (Scarponi et al., 1995). Basantani et al., 

(2011), provided the information about the reduction of fresh weight, germination and length 

of the roots of the two V. radiata varieties, after treating with the 10mM glyphosate. Earlier it 

was reported that use of glyphosate addition during the preharvest time of the pea, cause the 

declination in the shoot, fresh seedling emergence and seed germination (Baig, et al., 2003).  

 

 

Table 41: Effect of Monocrotophos on physical parameters (height) of plant (in cm) at 

significant level p < 0.05 

 

Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 26.4±0.45 22.43±0.47 29.6±0.55 27.9±0.45 

No bacteria 1x Monocrotophos 24.06±0.40 19.96±0.65 19.9±0.45 24.06±0.40 

No bacteria 2x Monocrotophos 22.43±0.60 18.2±0.65 21.06±0.40 21.93±0.50 

Actinomyces sp. MC1 Control 26.16±0.47 25.33±0.66 28.13±0.61 29.13±0.51 

Actinomyces sp. MC1 1x Monocrotophos 23.56±0.77 24.36±0.61 26.2±0.79 26.93±0.60 

Actinomyces sp. MC1 2x Monocrotophos 20.4±0.45 20.46±0.75 24.33±0.66 22.36±0.55 

B. subtilis strain MC2 Control 26.43±0.50 25.23±0.58 30.6±0.81 27.8±0.43 

B. subtilis strain MC2 1x Monocrotophos 23.96±0.35 23.2±0.65 26.93±0.60 25.23±0.55 

B.subtilis strain MC2 2x Monocrotophos 21.3±0.51 21.9±0.55 24.06±0.50 21.03±0.45 

R.leguminosarum MC3  Control 26.13±0.51 24.26±0.56 25.1±0.45 26.360.66 

R.leguminosarum MC3 1x Monocrotophos 22.26±0.56 21.73±0.75 23.36±0.61 23.1±0.45 

R.leguminosarum MC3 2x Monocrotophos 18.2±0.55 18.1±0.45 21.33±0.56 22.58±0.72 

Bacterial Suspension Control 28.03±0.45 27.3±0.72 32.03±0.45 34.4±0.62 

Bacterial Suspension 1x Monocrotophos 24.2±0.55 25.26±0.55 28.3±0.65 31.83±0.65 

Bacterial Suspension 2x Monocrotophos 22±0.4 22.13±0.45 26.23±0.50 27.03±0.75 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 
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Table 42: Content of chlorophyll A in wheat (ug/mL) as mono-cropping system in 

Monocrotophos contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at 

significant level p < 0.05 

 

Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 0.883±0.061 0.553±0.070 1.15±0.088 0.956±0.096 

No bacteria 1x Monocrotophos 1.043±0.070 0.913±0.041 1.413±0.070 1.253±0.085 

No bacteria 2x Monocrotophos 0.803±0.040 0.726±0.055 1.193±0.077 0.926±0.055 

Actinomyces sp. MC1 Control 1.236±0.065 0.926±0.060 1.883±0.070 1.733±0.060 

Actinomyces sp. MC1 1x Monocrotophos 1.036±0.050 0.853±0.090 1.696±0.075 1.336±0.050 

Actinomyces sp. MC1 2x Monocrotophos 0.69±0.055 0.716±0.060 1.15±0.072 1.08±0.081 

B. subtilis strain MC2 Control 1.093±0.090 0.826±0.077 1.556±0.077 1.276±0.056 

B. subtilis strain MC2 1x Monocrotophos 0.916±0.055 0.653±0.065 1.353±0.070 1.143±0.085 

B.subtilis strain MC2 2x Monocrotophos 0.65±0.081 0.426±0.066 1.053±0.065 0.863±0.073 

R.leguminosarum MC3  Control 1.47±0.075 1.153±0.087 2.01±0.126 1.82±0.065 

R.leguminosarum MC3 1x Monocrotophos 1.183±0.068 0.826±0.060 1.83±0.088 1.39±0.065 

R.leguminosarum MC3 2x Monocrotophos 0.956±0.075 0.713±0.055 1.156±0.090 0.97±0.055 

Bacterial Suspension Control 1.683±0.080 1.253±0.085 2.236±0.116 1.943±0.075 

Bacterial Suspension 1x Monocrotophos 1.433±0.060 1.04±0.062 1.94±0.07 1.353±0.080 

Bacterial Suspension 2x Monocrotophos 1.373±0.055 0.806±0.050 1.35±0.080 0.98±0.095 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values). 

 

 

 

 

 

 

Table 43: Content of chlorophyll b in wheat (ug/mL) as mono-cropping system in 

Monocrotophos contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at 

significant level p < 0.05 

 

Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 0.653±0.065 0.406±0.070 0.873±0.060 0.696±0.070 
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No bacteria 1x Monocrotophos 0.863±0.087 0.706±0.065 1.286±0.056 1.073±0.085 

No bacteria 2x Monocrotophos 0.75±0.062 0.523±0.055 0.926±0.055 0.793±0.070 

Actinomyces sp. MC1 Control 1.12±0.055 0.82±0.055 1.42±0.055 1.28±0.06 

Actinomyces sp. MC1 1x Monocrotophos 0.833±0.045 0.693±0.040 0.933±0.050 1.076±0.070 

Actinomyces sp. MC1 2x Monocrotophos 0.706±0.055 0.55±0.06 0.756±0.065 0.853±0.049 

B. subtilis strain MC2 Control 0.926±0.070 0.783±0.075 1.326±0.045 1.196±0.085 

B. subtilis strain MC2 1x Monocrotophos 0.7±0.045 0.56±0.065 0.94±0.05 0.916±0.055 

B.subtilis strain MC2 2x Monocrotophos 0.573±0.051 0.45±0.075 0.783±0.070 0.723±0.050 

R.leguminosarum MC3  Control 0.856±0.639 0.986±0.075 1.553±0.070 1.363±0.047 

R.leguminosarum MC3 1x Monocrotophos 0.81±0.05 0.8±0.08 1.143±0.085 1.023±0.061 

R.leguminosarum MC3 2x Monocrotophos 0.703±0.075 0.656±0.061 0.85±0.065 0.816±0.066 

Bacterial Suspension Control 1.353±0.092 1.2±0.075 1.863±0.087 1.673±0.077 

Bacterial Suspension 1x Monocrotophos 0.97±0.091 0.936±0.085 1.403±0.075 1.203±0.045 

Bacterial Suspension 2x Monocrotophos 0.71±0.062 0.76±0.045 1.086±0.080 0.96±0.055 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 

 

 

 

 

 

 

 

 

Table 44: Content of carotenoids in wheat (ug/mL) as a mono-cropping system in 

Monocrotophos contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at 

significant level p < 0.05. 

Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 0.108±0.006 0.070±0.008 0.133±0.006 0.113±0.007 

No bacteria 1x Monocrotophos 0.187±0.005 0.148±0.005 0.216±0.006 0.168±0.006 

No bacteria 2x Monocrotophos 0.165±0.006 0.094±0.006 0.186±0.007 0.133±0.005 
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Actinomyces sp. MC1 Control 0.263±0.005 0.215±0.007 0.281±0.007 0.254±0.007 

Actinomyces sp. MC1 1x Monocrotophos 0.213±0.055 0.162±0.007 0.239±0.006 0.186±0.008 

Actinomyces sp. MC1 2x Monocrotophos 0.167±0.009 0.098±0.007 0.143±0.005 0.122±0.006 

B. subtilis strain MC2 Control 0.246±0.005 0.207±0.006 0.276±0.008 0.295±0.006 

B. subtilis strain MC2 1x Monocrotophos 0.197±0.006 0.153±0.009 0.233±0.009 0.175±0.005 

B.subtilis strain MC2 2x Monocrotophos 0.167±0.007 0.095±0.008 0.192±0.007 0.116±0.004 

R.leguminosarum MC3  Control 0.265±0.008 0.223±0.007 0.29±0.005 0.248±0.005 

R.leguminosarum MC3 1x Monocrotophos 0.238±0.009 0.178±0.007 0.256±0.007 0.191±0.005 

R.leguminosarum MC3 2x Monocrotophos 0.187±0.007 0.121±0.005 0.215±0.008 0.117±0.006 

Bacterial Suspension Control 0.345±0.007 0.317±0.006 0.377±0.006 0.361±0.006 

Bacterial Suspension 1x Monocrotophos 0.265±0.010 0.205±0.008 0.282±0.005 0.248±0.006 

Bacterial Suspension 2x Monocrotophos 0.199±0.007 0.164±0.005 0.233±0.015 0.218±0.004 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values). 

 

 

6.4.5.6 Effect of Phorate on wheat growth, Chlorophyll content and total carotenoids on 

recommended and higher doses in the presence of Cu
++

, Fe
++

 and humic acid. 

Impacts of two dose levels (1x and 2x) of phorate on the physical parameters (height) of 

growing wheat crops were studied and were found significantly affected with the applications 

of phorate (Table 45). When plants were at anthesis stage, the height of stem and head of 

each plant were measured. At a 1x dose level of phorate, the height of stem was found to be 

very very low, while, on the application of 2x of Phorate the height of stem and head was too 

low as compared to control.  

To check the effect of Cu
++

, Fe
++

 and humic acid on wheat growth experiment were also 

carried out in presence of Phorate (1x and 2x). A sgnificant gain in the weight of chlorophyll 

content/ carotenoid and height of stem were observed at significant level p < 0.05. and it was 

found with the additional supply of Fe
++

 and humic acid, plant growth was found to be 

increased, consequently, the the chlorophyll A (Table 46), chlorophyll b content (Table 47) 

and carotenoid (Table 48) as well as in height of stem and head was observed but in case of 

Cu
++

 it decreased.  

 

Table 45: Effect of Phorate on physical parameters (height) of plant or plant growth (in cm) 

at significant level p < 0.05  
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Isolates Treatment Control 100 mg/L 

Cu
++

 

100 mg/L 

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 26.53±0.65 22.43±0.47 29.4±0.45 28.01±0.57 

No bacteria 1x Phorate 18.56±0.50 18.1±0.55 24.16±0.56 27.1±0.45 

No bacteria 2x Phorate 17.76±0.60 14.43±0.50 23.5±0.6 26.13±0.51 

Pseudomonas sp. PR_01 Control 22.3±0.43 18.26±0.56 26.13±0.51 28.83±0.70 

Pseudomonas sp. PR_01 1x Phorate 19.36±0.61 15±0.4 24.13±0.61 26.4±0.55 

Pseudomonas sp. PR_01 2x Phorate 15.06±0.50 11.86±0.70 23.06±0.70 19.03±0.65 

Pseudomonas sp. PR_02 Control 20.1±0.55 18.16±0.47 26.53±0.75 30.16±0.47 

Pseudomonas sp. PR_02 1x Phorate 15.46±0.55 14.36±0.61 22.86±0.41 27.86±0.41 

Pseudomonas sp. PR_02 2x Phorate 13.9±0.3 13.1±0.45 19.26±0.60 28.16±0.51 

Bacterial Suspension Control 22.13±0.61 15.86±0.51 26.26±0.65 30.06±0.40 

Bacterial Suspension 1x Phorate 20.06±0.70 13.66±0.65 24.26±0.50 27.66±0.60 

Bacterial Suspension 2x Phorate 19.33±0.45 10.6±0.75 22.2±0.62 25.13±0.61 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 

 

 

 

 

 

 

 

 

Table 46: Content of chlorophyll A in wheat (ug/mL) as mono-cropping system in Phorate 

contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at significant level p < 0.05 

Isolates Treatment Control 100 mg/L  

Cu
++

 

100 mg/L  

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 0.873±0.065 0.556±0.065 1.143±0.068 0.946±0.060 

No bacteria 1x Phorate 0.766±0.075 0.53±0.08 0.973±0.066 0.823±0.065 

No bacteria 2x Phorate 0.526±0.047 0.336±0.050 0.816±0.060 0.63±0.065 

Pseudomonas sp. PR_01 Control 0.95±0.08 0.833±0.055 1.176±0.080 1.093±0.075 

Pseudomonas sp. PR_01 1x Phorate 0.78±0.045 0.72±0.065 0.933±0.051 0.96±0.085 
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Pseudomonas sp. PR_01 2x Phorate 0.56±0.07 0.46±0.079 0.846±0.070 0.75±0.075 

Pseudomonas sp. PR_02 Control 0.923±0.070 0.806±0.070 1.543±0.086 1.293±0.050 

Pseudomonas sp. PR_02 1x Phorate 0.733±0.060 0.776±0.076 1.263±0.050 1.113±0.086 

Pseudomonas sp. PR_02 2x Phorate 0.52±0.065 0.466±0.070 0.966±0.051 0.893±0.070 

Bacterial Suspension Control 1.183±0.055 1.076±0.040 1.66±0.088 1.456±0.075 

Bacterial Suspension 1x Phorate 0.833±0.070 0.806±0.055 1.436±0.055 1.293±0.070 

Bacterial Suspension 2x Phorate 0.68±0.07 0.646±0.070 1.07±0.05 1.033±0.068 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 

Table 47: Content of chlorophyll b in wheat (ug/mL) as mono-cropping system in Phorate 

contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at significant level p < 0.05 

Isolates Treatment Control 100 mg/L Cu
++

 100 mg/L Fe
++

 100 mg/L 

Humic acid 

No bacteria Control 0.64±0.055 0.41±0.045 0.883±0.075 0.713±0.075 

No bacteria 1x Phorate 0.566±0.060 0.376±0.065 0.626±0.045 0.533±0.066 

No bacteria 2x Phorate 0.303±0.070 0.333±0.055 0.513±0.041 0.32±0.055 

Pseudomonas sp. PR_01 Control 0.633±0.045 0.516±0.060 0.730±0.095 0.703±0.070 

Pseudomonas sp. PR_01 1x Phorate 0.556±0.065 0.446±0.070 0.616±0.055 0.493±0.085 

Pseudomonas sp. PR_01 2x Phorate 0.493±0.055 0.316±0.050 0.553±0.070 0.396±0.055 

Pseudomonas sp. PR_02 Control 0.783±0.040 0.486±0.045 0.616±0.060 0.523±0.041 

Pseudomonas sp. PR_02 1x Phorate 0.683±0.075 0.39±0.045 0.436±0.055 0.32±0.045 

Pseudomonas sp. PR_02 2x Phorate 0.543±0.068 0.333±0.051 0.383±0.050 0.276±0.056 

Bacterial Suspension Control 0.973±0.050 0.87±0.06 1.076±0.090 0.926±0.060 

Bacterial Suspension 1x Phorate 0.886±0.066 0.746±0.055 0.853±0.070 0.686±0.061 

Bacterial Suspension 2x Phorate 0.643±0.075 0.53±0.055 0.67±0.06 0.58±0.065 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 

Table  48: Content of carotenoids in wheat (ug/mL) as mono-cropping system in Phorate 

contaminated soil supplemented with Cu
++

, Fe
++

 and humic acid at significant level p < 0.05 

Isolates Treatment Control 100 mg/L  

Cu
++

 

100 mg/L  

Fe
++

 

100 mg/L 

Humic acid 

No bacteria Control 0.107±0.006 0.071±0.004 0.133±0.009 0.123±0.009 
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No bacteria 1x Phorate 0.098±0.007 0.084±0.008 0.117±0.008 0.113±0.011 

No bacteria 2x Phorate 0.049±0.006 0.052±0.005 0.073±0.005 0.073±0.025 

Pseudomonas sp. PR_01 Control 0.230±0.006 0.303±0.015 0.323±0.011 0.27±0.055 

Pseudomonas sp. PR_01 1x Phorate 0.128±0.007 0.108±0.007 0.143±0.005 0.142±0.009 

Pseudomonas sp. PR_01 2x Phorate 0.082±0.005 0.044±0.006 0.096±0.008 0.085±0.008 

Pseudomonas sp. PR_02 Control 0.236±0.050 0.19±0.036 0.286±0.025 0.276±0.035 

Pseudomonas sp. PR_02 1x Phorate 0.117±0.022 0.093±0.004 0.147±0.005 0.127±0.006 

Pseudomonas sp. PR_02 2x Phorate 0.075±0.007 0.056±0.006 0.097±0.006 0.083±0.008 

Bacterial Suspension Control 0.283±0.075 0.27±0.045 0.284±0.009 0.252±0.009 

Bacterial Suspension 1x Phorate 0.080±0.006 0.116±0.006 0.162±0.006 0.141±0.007 

Bacterial Suspension 2x Phorate 0.063±0.005 0.067±0.005 0.114±0.008 0.099±0.008 

Values are the mean of triplicates.  

± Standard deviation (values indicate change decrease (-) or increase (+) over the values) 

 

On addition of 100 mg/L of metal ions (Cu
++

 and Fe
++

) and humic acid, the Cu
++

 had the 

most toxic effect on seed germination and other parameters were significantly decreases at p 

< 0.05. On addition of Fe
++

 and humic acid, the seed germination and other parameters were 

relatively increased when amended with 1x concentration of each pesticide at significant 

level p < 0.05. On addition of 2x concentration of each pesticide, the seed germination and 

other parameters was decreased in almost all the cases.  

Pesticides affect the plant by various mechanisms which involve the cessation of biological 

functions like cell division, enzyme regulation, photosynthesis, enzyme regulation in growth 

and development of the leaves, obstruction during pigment synthesis, DNA or protein, cell 

membrane eradication, or aid in unrestrained growth (Parween 2014; Fantke et al.2013; 

Ozturk et al., 2008). Defreitas and Germida (1992b) also demonstrated the ability of bacterial 

strains significantly enhanced early plant growth. According to Lazarovits and Norwak 

(1997), when tested under ideal climatic situations, the bacterial species marginally increased 

yields. The production of phytohormones by rhizospheric bacteria has also been reported 

earlier (Ahemad et al. 2012; Ahemad et al. 2014 Kumar et al. 2015). 

The effect of six different pesticides on the plant growth parameters is in the order of 

glyphosate > phorate > monocrotophos > acephate > atrazine > carbendazim. All the 

pesticides hinder the growth rate when applied in a concentration above the recommended. 

Similar effects were observed on the concentrations of photosynthetic pigmentation 

production by the plant at significant level p < 0.05. Glyphosate was found most toxic on all 
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the parameters including germination, chlorophyll content and carotenoid content. With the 

addition of metal ions and humic acid, there is an increase in germination rate of the wheat in 

all the cases. The effect of pesticides on radical and plumule germination is almost similar to 

the seed germination test. 

Effects of six pesticides, metal ions and humic acid on wheat growth parameters, chlorophyll 

content and total carotenoids were also observed. With the addition of metal ions and humic 

acid, increase in plant growth and chlorophyll content were observed at significant level p < 

0.05. It also highlighted the negative impact of pesticides on wheat growth germination and 

on its parameters. 

Utilization of pesticide in early stage affects the plant growth during germination which 

further leads to amendment in physiological and biochemical process with addition to that it 

also affects the enzymatic as well as non-enzymatic antioxidants which eventually decline the 

yields and antioxidants are present in trace amount in fruits and vegetables of plants and 

among non-targeted organism those who consume it.   

The use of pesticide illustrates to be an effective measure for controlling the pest but it also 

makes us aware of the associated threat on the treated as well as surrounding crops. The 

evaluation of the side effect of pesticides is also required to be considered before using 

particular pesticide for the agriculture process. The study should focus on the consequences 

of pesticides on the microbial flora of soil and their retention in the crop, also on positive 

aspects of soil organic acids. For this secure method can be a synthesis of the cheap bio-

pesticide, which show effective results and also confirms the dissolution of residues of 

pesticide in the grains.  

 

 

 

 

 

 



   

 

888888 88�8                                                                                                                               

��       � �   �        �       �  ��            ����� �  
��
     �  

�� 
� 	
 ��                        � 
	
� 

8

8

�                                 	  

�                    �                                � �             ���                � 

�����8 �8������88888�8 
�8�
8�88 
��8
�
8 �8�88
�8
�� 

8 8�88��8
�88�8 ���� ���� ��� ��� ��� ��� ��� ��� 

��8 8��
���88 ��	���
	�� ��	���
	�� �
	���
	�
 ��	���
	�� ��	���
	�� ��	
��
	�� ��	���
	�� �
	���
	�� 

8 88������8��
��

8 ��	���
	�� ��	�
�
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� 

8 88������8�8
��

8 �
	���
	�
 ��	���
	�� �
	�
�
	�� ��	
��
	�� ��	���
	�� ��	���
	�
 �
	���
	�
 ��	���
	�
 

8 88������8�
8 ��	���
	�� ���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	��
	�� 

8�8 ��
���88 ��	���
	�� ��	��
	�� ��	���
	�� ��	���
	�� ��	���
	�� �
	
��
	�� ��	���
	�� �	���
	�� 

8 88������8��
��

8 ��	���
	�� ��	���
	�� ��	���
	�
 ��	�
�
	�� ��	���
	�� ��	���
	�� �
	���
	�� ��	���
	�� 

8 88������8�8
��

8 ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	
��
	�� ��	���
	�� ��	���
	�� �
	���
	�
 

8 88������8�
8 �
	���
	�� ��	�
�
	�� �
	
��
	�
 ��	
��
	�
 ��	
��
	�� �
	���
	�� �
	�
�
	�
 ��	���
	�� 

��8 ��
���88 �
	�
�
	�� ��	���
	�� ��	���
	�� ��	���
	�� �
	���
	�� ��	���
	�� ��	���
	�� �	���
	�� 

8 88������8��
��

8 ��	��
	�� ��	���
	�� ��	���
	�� ��	���
	�� �
	���
	�� ��	���
	�� ��	���
	�� �
	���
	�� 

8 88������8�8
��

8 ��	���
	�� ��	���
	�� ��	���
	�
 ��	���
	�� ��	���
	�� ��	�
�
	�� ��	���
	�� ��	���
	�
 

8 88������8�
8 ��	���
	�� �
	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	�
�
	�� 



   

 

888888 8��8                                                                                                                               

��         � �        �      ��            ����� �  
��
     �  

�� 
� 	
 ��                        � 
	
�8

8

�                                 	  

�                    �                                � �             ���                � 

��
��8�8 �8������88888�8 �8��
��8�88 ��
�������
��8 �
��8�88 8

8 8�88��8
�88�8 ��8�8 ��8� ���8 ���8 ��88 ���8 ssssssssssssss 

��8 ��
���88 ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� 

8 8��8����8��
��

8 ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	
��
	��    

8 8��8����8�8
��

8 ��	���
	�� ��	���
	�� ��	��
	�� ��	
��
	�� ��	���
	�� ��	���
	��    

8 8��8����8�
8 ��	
��
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	��    

8�8 ��
���88 �	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�
 ��	���
	�
    

8 8��8����8��
��

8 �	���
	�� �
	���
	�� ��	�
�
	�� ��	���
	�� ��	��
	�� ��	���
	��    

8 8��8����8�8
��

8 ��	���
	�
 ��	���
	�� �
	���
	�� ��	���
	�� �
	���
	�� �
	���
	��    

8 8��8����8�
8 �
	���
	�� ��	�
�
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	��    

��8 ��
���88 �	���
	
� ��	���
	�
 �
	
��
	�� �
	���
	�� ��	���
	�� ��	���
	��    

8 8��8����8��
��

8 �	�
�
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� �	���
	��    

8 8��8����8�8
��

8 �
	��
	�� ��	���
	�� ��	���
	�� ��	���
	�� ��	���
	�� �
	���
	��    

8 8��8����8�
8 �
	
��
	�� ��	���
	�
 ��	���
	�� ��	
��
	�
 ��	���
	�� ��	���
	�
    



 � 

 

8

#���#8###8��8 �#8 �8������8�#8��
��

8 8
�8�8
��

8 8
�8 
����8 8���8 �
8 ��88��8���88���������
8�
8

������8
8��8
��88���������
8

�                                 �                                                      

                                        �!           	� ���
�	 �                             

                                                             �����������               

                   ��           	� �
��# �           	� �

�# �            	� �����	 �       

                                                            �                       

                �      	� ����# !           	� ���
	 ���                                      

                                    �  %         	� �����	 �            ��
���              

          ���                                  	 �      ��         �      �         ������ 

���     ����                      �  ���                                        �      

      ��	 �                                                                                     

            � 
��
                                                                     	  

8

888888 ���8 ��88��8���88 8��8�8 #��8 
�����8
8 ��8
��88 ���������
8 8�8 88��8��888 ��8��8�8

���88�8�8#���8�
�
���
8���8���8�8

 

��
��8�8 �8������88888�8 
�8�
8�88 �8�88
�8
��8 �8��
��8�88 ��
���88

8 8�88��8
�88�8 ����������� 

  	 ����8

				���		�� 

  	 ��� 

				���		�� 

  	 ���8

� �������	��� 

��8 ��
���88 ���8 ��8 ��8 �� 

8 8��8����8��
��

8 �8 �8 �8    

8 8��8����8�8
��

8 ���8 ���8 ���8    

8 8��8����8�
8 ���8 ���8 ���8    

8�8 ��
���88 ���8 ��8 ��8    

8 8��8����8��
��

8 �8 �8 �8    

8 8��8����8�8
��

8 ��8 ��8 ��8    

8 8��8����8�
8 ���8 ���8 ���8    

��8 ��
���88 �8 ��8 ��8    

8 8��8����8��
��

8    8    8    8    

8 8��8����8�8
��

8 �8 ��8 ��8    

8 8��8����8�
8 ��8 ��8 �8    

��� � �    !        � �� � �        !        � � � �   !        �     � �  �         

�      



   

 

uuuuuuuuuuuuuuuuuuuuuuuuuuuu
��
uu�u

��
u��uu�u�uuu�uuuuu�uu���uu��u�u�uu

uuuu
u
uuuu�u�uu
u�uu
uuuuuu

                                                                                      

   �                     � � �                                      �                     

 �  �   �                                                �  �                               

                      �  �                                �       �  �  �             � �     

                   �  �  �                                   �      ����� �      �            

                                                                                �      

 �  �   
                          �  �                          �                           

                 �                      �  ��   ��
���� ��     �           �                

                �       �      �� ������                                                 

 �� ���        �  �   ��  ��                                                �            � 

  � �                                                                                          

                                                                         �     �            

 �                                    �   �         �                   �       �                 

                     �                                                                �   

��           �� ����
 ��        �   �   � ������ 



   

 

u

u



   

 

u

u



��� 

 

u

u

�u�u�uu ���u                                                                               

                  � 

 

uuuu�uuuuuuuuuuuuuuuuuuuuuuu�uuuuuu�u��u��uuu�u

uuuu�u
u uuuuuuu uuu �uu��u uu�uu �
������u uu
��
u ��uu 
������u �u

��
�u ��uu �u�uuu �uuuu u�u

u�u�u�uuuu��uuuuuuuuuuuuuuuuuuu�uuuuuu�u��u��uuu�u

�      �            � �               �          �                                        

                                            �                                                  

                       � �����                                     �        � � 
��
             

        ��
��
     �        �      �                                           �           

 �         � � 
��
 �         � ��� �                      � 

��
� ��

��
�     ��               

�                       � �����               �� � � 
��
 �         � ��

��
� � 

�� 
                 

                                        �                             �      �"#�� ���   ��  

       �      ��� �                                                             ��             �� 

������ �     
                   � ��        �                   �"#�� ��   ��         � 

                                                  � �   � ��                                  

                  �           �      �   �"�      �� ����& �           �� ������ ��            

                                                                 �         �'            �� 

������ �                                                                        �            

          �                         � ��� ��                                             

                                         �  �      ��            � ��� �                  

                                               ��                                  

                 �                   ��         �                � #�         �      ��    

                                      �     �                                �  

 



��� 

 

uuuu�u�uuuuuuuuuuu�uuu��uuuu�uu��uuu�uu��u
��
u��uuuu

��
�u��uu�u�uuu�uuuuu�uu��u�uuu��uuuu

��uuu�uuu��uuuu
�uuu�u��uuuuuu�uuu�uuu�uuuuuu�u��u��uuu�u

�  � 
    �         �  �                    ��                  �                          � 

                       �                  �                      �       
           � � 

                                     �             ��                                     

              ��               �       � �                 �                             

����   �"         � 
��
     ��

��
�u     �                   �                                

      � 

�      �         �  �                    ��                  �       �                         

    �         �                             � 
    �         �  � �                         

     �        �                                   � �          ��            �  �     

                                �   �    �          � 
    �     �                          

        � ����� �                                  �        �                             

         �      ����  

 

��
�uu�
�u)                                           �                           �� 
�� 

    

��
��
�      �            � 
    �              �                 �          

 

��u�u�u�u 



u�uuu��uuu�
u
uu
�u �
u�uuu��uuu�
u
uu
�u

���u�uuu��uuuu ��uuu��uuuu ���u�uuu��uuuu ��uuu��uuuu

��� ��� ��� ��� 

��
��
 ��� ��� ��� ��� 

� 
��
 ��� ��� ��� ��� 

��         ��� ��� ��� ��� 

u

uuuu�u�uuuuuuuuuuu�u���u�uuu�uu��uuu�uu��u
��
u��uuuu

��
�u��uu�u�uuu�uuuuu�uu��u�uuu��uuuu

��uuu�uuu��uuuu
�uuu�u��uuuuuu�uuu�uuu�uuuuuu�u��u��uuu�u

�  � 
    �         �  �                    ��                  �                          � 

                       �                  �                      �       
           � � 

                                     �             ��                                     

              ��                       � �                 �                             ���� 

  �"         � 
��
     ��

��
�u      �                   �                                

      � 

�      �         �  �                    ��                          �                         

    �         �                             � 
    �         �  � �                         



��� 

 

     �        �                                   � �          ��            �  �     

                                �   �    �          � 
    �     �          � �               

                   �        �                                                        �      

   �   �      ��� 

u

��
�uu���u)                                           �                           �� 
��
     

��
��
�      �            � 
    �              �                 �          

 

��u�u�u�u 



u�u���u�uu�
u
uu
�u �
u�u���u�uu�
u
uu
�u

���u�uuu��uuuu ��uuu��uuuu ���u�uuu��uuuu ��uuu��uuuu

��� ��� ��� ��� 

��
��
 ��� ��� ��� ��� 

� 
��
 ��� ��� ��� ��� 

��         ��� ��� ��� ��� 

u

uuuu�uuu uuuuuuu uuu u��
u�u��u�uu �uu��u uu�uu ��u
��
u ��uu uu

��
�u ��uu �u�uuu �uuuu u�u u��

u�uuu��uuuu��uuu�uuu��uuuu
�uuu�u��uuuuuu�uuu�uu

�  � 
    �         �  �                    ��                                           

     �                        �                  �                      �       
          

 � �                                      �             ��                               

                       ��                          � �                 �                  

           ����   �"         � 
��
     ��

��
�u      �                   �              

                        � �      �            ��
�� 

           �  �                             

                        ��     ��               � 

�      �         �  �                    ��                             �                 

            �         �                             � 
    �         �  � �              

                �        �                                   � �          ��            �  � 

                                    �   �    �          � 
    �     �          � �      

                            �        �                       )                         

                         �         �      ��     ��    �   �      ����  

u

��
�uu���u)                                              �                           �� 
��
 

    ��
��
�      �            � 
    �              �                 �          

 

��u�u�u�u 



uu��
u�u��u�u�
u
uu
�u �
uu��
u�u��u�u�
u
uu
�u

���u�uuu��uuuu ��uuu��uuuu ���u�uuu��uuuu ��uuu��uuuu



��� 

 

��� ��� ��� ��� 

��
��
 ��� ��� ��� ��� 

� 
��
 ��� ��� ��� ��� 

��         ��� ��� ��� ��� 

 

uuuu�u�u uuuuuuu uuu 
�
u�uu�uuuu �uu��u uu�uu ��u
��
u ��uu uu

��
�u ��uu �u�uuu �uuuu u�u u��

u�uuu��uuuu��uuu�uuu��uuuu
�uuu�u��uuuuuu�uuu�uu

�              )         �                             � 
    �                  � �          

                                   �  �                               �                      

              �     ��
���� �      �         �  �                                          

                               � �  ��              �                                          

� 
    �         �          ��                                                     �      

���� 

u

��
�uu�u�u)                             
               �                           �� 
��
 

    ��
��
�      �            � 
    �              �                 �         u

 

��u�u�u�u 



u
�
u�uu�uuu�
u
uu
�u �
u
�
u�uu�uuu�
u
uu
�u

���u�uuu��uuuu ��uuu��uuuu ���u�uuu��uuuu ��uuu��uuuu

�� ��� �� ��� 

��
��
 ��� ��� ��� ��� 

� 
��
 ��� ��� ��� ��� 

��         ��� ��� ��� ��� 

u

uuuu�uuu uuuuuuu uuu�u�uu�uuuu�uuuu �uu��u uu�uu ��u
��
u ��uu uu

��
�u ��uu �u�uuu �uuuu u�u u��

u�uuu��uuuu��uuu�uuu��uuuu
�uuu�u��uuuuuu�uuu�uu

�  � 
    �         �  �                    ��               �           �    

�                               �                        �            
        � �          

                          �             �� �                                        

              ��               �            � �                 �                        

     ����   �"         � 
��
     ��

��
�u     �                   �                          

            � 

�      �         �  �                    ��                  �            �                 

            �         �                              � 
    �         �  � �              

                �        �                              ��                � �          �� 



��� 

 

           �  �                                     �   �    �          � 
    �     � 

         � �                                  �        �                             

         �      ���� 

u

��
�uu���u)                                                �                           

�� 
��
     ��

��
�      �            � 
    �              �                 �         u

 

��u�u�u�u 



u�u�uu�uuuu�uuu�
u
uu
�u �
u�u�uu�uuuu�uuu�
u
uu
�u

���u�uuu��uuuu ��uuu��uuuu ���u�uuu��uuuu ��uuu��uuuu

��� ��� ��� ��� 

��
��
 ��� ��� ��� ��� 

� 
��
 ��� ��� ��� ��� 

��         ��� ��� ��� ��� 

u

uuuu�u�uuuuuuuuuuu��u��uuuu�uu��u uu�uu ��u
��
u��uuuu

��
�u��uu�u�uuu�uuuuu�uu��u�uuu��uuuu

��uuu�uuu��uuuu
�uuu�u��uuuuuu�uuu�uu

�  � 
    �         �  �                    ��                  �                         � 

                       �                        � �                                    �   

          �� �                                                ��               �      � 

�                 �                             ����   �"         � 
��
     ��

��
�u     �    

               �                                      � 

�      �         �  �                    ��                  �      �                         

    �         �                                � 
    �         �  � �                    

          �        �                              ��                � �          ��         

   �  �                                 �         �           � �                             

     �        �                                                �      ��� 

u

��
�uu�u�u)                                          �                           �� 
��
     

��
��
�      �            � 
    �              �                 �          

 

��u�u�u�u 



u��u��uuu�
u
uu
�u �
u��u��uuu�
u
uu
�u

���u�uuu��uuuu ��uuu��uuuu ���u�uuu��uuuu ��uuu��uuuu

��� ��� ��� ��� 

��
��
 ��� ��� ��� ��� 

� 
��
 ��� ��� ��� ��� 

��         ��� ��� ��� ��� 

 



��� 

 

uuuu�u uuuuuuu uuu uuuuuuuuuuu u�u �u��u�u uuu ��uuu��u ��uu u�u�u�uu u�u�uuuu �uu�u ��uu �uu�uuuu

�uu��uuu�uu��uu�u�uuu�uuuu

                            � �           �          �                         � �      

                         �      ��     ��                                                

          � ��                                       �                                        

             �     �                                                                       � 

����� )                �          �                                                � �   

          �            �                                                          �      ����    



��� 

 

��
�uu���u�                                                         � �                �                           �� 
��
     ��

��
�      �    

        � 
    �              �                 �                                 � ����u

 

��u�u�u�uuu 
�uuu�uu�u�uu��u ��u�u�uu�u�uu��u

�       ����	���� 
����	���� 

���   �" ��
��
 ����	���� 

����	���� 

���   �" � 
��
 ����	���� 

����	���� 

���   �" ��         ���� 	���� 
����	���� 

 

u�uu 

u�u

u�uu �
u�uu 

u�u�
u�uu 

u�uu 

u�u

u�uu �
u�uu 

u�u�
u�uu

�        ����� 
���	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

��� � ���   �" ��
��
 

���	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

��� � ���   �" � 
��
 

����	���� ���	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

���� ���   �" �� 
����	���� ����	���� ����	���� ����	���� ����	���� ���	��� ����	���� ����	���� 

�        �� �� 
����	���� ���	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

� � � ���   �" ��
��
 

����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

� � � ���   �" � 
��
 

����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

� � � ���   �" �� 
����	���� ����	���� ����	���� ����	���� ����	���� ���	��� ����	���� ����	���� 

�           ���	� 
����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

��	 � ���   �" ��
��
 

����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

��	 � ���   �" � 
��
 

����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

��	 � ���   �" �� 
����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	����� 



��  

 

)          �)�� 
� ����	���� � � � ����	���� � � 

)� � ���   �" ��
��
 

� ����	���� � � � ����	���� � � 

)� � ���   �" � 
��
 

����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

)� � ���   �" �� 
����	���� ����	���� ����	���� ���	���� ���	���� ����	���� ����	���� ����	���� 

�             ���� 
����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

�� � ���   �" ��
��
 

����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

�� � ���   �" � 
��
 

����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ���	���� ����	���� 

�� � ���   �" �� 
����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

�       ���� 
����	���� ����	���� ����	���� ����	���� ����	���� ���	���� ����	���� ����	���� 

�� � ���   �" ��
��
 

����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

�� � ���   �" � 
��
 

����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

�� � ���   �" �� 
����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� ����	���� 

 

'  �                              �  

	 �                  �   �                            �
�             ���             �  �� 

�     �� �� �                              �        
 �� � �� �� � �         ��         �                              �        
 �� �� 

�                                             
 �� � �� �� � �         ��         �                                    �        
 ��
��
 � 

�      �       
 � 
��
 � �    �  �            �� � ��    �   � 



��  

 

uuuuuu
uu�uuuu��uuuuu�u��uuu����uuu�u��uuu�uuu�uuuuuu
uu�u�u�u�uuu�u

        �             �         #             �            � �                   �         

   
                                            �           �     �����     

                                                        ��� 

��
�uu���u�                                      u

u

���uuuu���uu

��uuu 
uu�uuuuuu

���uuu


u�uuuu 
uu�uuuuuu
�uu��u

�uuuuuu �uuu���u �����u�uu

u u  ��� � �      ���� ���
��� ���� 

 �u��
��u�uu ��u�u�uu���
u
��u�uu

u�uuu�uuuuu�uuuuu�uu
u   �  ���� �  
�      ���� ���
��� ���� 

 �u�u �uuuu�u  u��u

�����uuuu��
u�u � �   ���� "   ����� ����
���� ����� 

���u�uu�uu�u�u�u � �   ���� "   ���� ���
��� ���� 

���u�uu��uuu�u�uuuu � �   ���� �   �  ��� ��
�� ��� 

���u�uu�uu�uuuu�u � �   ���� "   ���� ���
��� ���� 

u
u�uuu��uuu�u   �" ��� "   ���� ���
���� ����� 

u
u�uu����uuuu�u   �" ����� �    ���� ���
��� ���� 

���u�uu
u�u�u�u   �" ���� �   �  ��� ��
�� ��� 

���u�uu�u�uu   �" ���� �   �  �� ���
��� ���� 

���u�uuuuuuu�u   �" ���� �   �  ���� ���
��� ���� 

���u�uu��u�u   �" ���� �    ���� ���
���� ����� 

���u�uu������uuuu   �" ���� �   �  ���� ���
���� ����� 


u�u�u   �" ���� "   ���� ���
��� ���� 

 

uuuu�u uuuuuuu uuu uuuuuuuuuuu uu
��
uu �u

��
u ��uu �u�uuu �uuuu u�u u���uu ��u�u�u u����uuu�uuu

u��u�uu�
��u��uuu��uuu�uuuuuu�uu�u 

u

uuuu�u
uuuuuuuuuuu�uuu��uuuu�u��u�uu��u�u�uuu��u�uu�
��uuu�uu�uu��uuuuu��uu��uuu�uuuuu

u�u�uuu��u�uuuu��uu�u��u�uuuuuuuu�uu�uuu�uuu�uuuuuuuu
��
uu�u

��
u��uu�u�uuu�uuuuu

                                      �          ��                         � �      

                         �      ��     ��                                            �  

          � ��                       � 
��
      �                                          

          �     �                                                                   � ���� 



��  

 

 �     ��
��
�                         �      ����                       �      ����             

          �      ���                 �      ���  �                                   

                        � �                                                      

                                �                  � �                 �      � �    �  �    

  � ������                               �                           ��    �  "�    

����
 ����        �                         �                             �  �     �  

����                                                                                    

                                     �                   � �    �                  ���     

   �          �         ��        �                                   �                

                    4�                                                                �     

             �       �       �        �         �      ������                               

                            �       �                              �                       

                      �  

��
�uu ���u�         �                               �      �          �  �                

        � ����u u

�uu��uuuu ��u�u�u�uu uu�u�u�u 
��u����u

uu
��
u


��u����u

�u
��
u


��u����u

 u�uuu�uuuu

�           �       ����	���� ����	���� �����	���� �����	���� 

�           �� �        ����	���� ����	���� ����	���� ����	���� 

�           �� �        �����	���� ����	���� ����	���� �����	���� 

� � �   �     � ������ �       ����	���� ����	���� �����	���� �����	���� 

� � �   �     � ������ �� �        �����	���� ����	���� ����	���� �����	���� 

� � �   �     � ������ �� �        ����	���� ����	���� ����	���� �����	���� 

� � �   �     � ������ �       �����	��� ����	���� ����	���� �����	��� 

� � �   �     � ������ �� �        �����	��� ����	���� �����	���� �����	���� 

� � �   �     � ������ �� �        �����	���� ��	���� �����	���� �����	���� 

� � �   �     � ������ �       �����	��� ����	���� ����	���� ����	���� 

� � �   �     � ������ �� �        �����	���� ��	��� �����	���� �����	���� 

� � �   �     � ������ �� �        �����	���� ����	���� �����	���� �����	��� 

�         ��         �       �����	���� ����	���� �����	���� �����	���� 

�         ��         �� �        ����	���� ����	���� �����	���� �����	���� 

�         ��         �� �        �����	��� ����	���� �����	���� �����	���� 

'  �                              �  



��� 

 

	 �                  �   �                            �
�             ���             �  � 

 

u

��
�uu���u�                      �          �� � "�        
                   �        

                   �                ��
��
� � 

��
      �                                � ���� 

�uu��uuuu ��u�u�u�uu uu�u�u�u 
��u����uu

uu
��
u


��u����u

�u
��
u


��u����u

 u�uuu�uuuu

�           �       ����	���� ����	���� ����	���� ����	���� 

�           �� �        ����	���� ����	���� ����	���� ����	���� 

�           �� �        ����	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �       ����	���� ����	���� ����	��� ����	���� 

� � �   �     � ������ �� �        ����	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �� �        ����	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �       ����	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �� �        ����	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �� �        ����	��� ����	���� ����	���� ����	���� 

� � �   �     � ������ �       ����	���� ����	��� ����	��� ����	���� 

� � �   �     � ������ �� �        ����	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �� �        ����	���� ����	���� ����	���� ����	���� 

�         ��         �       ����	���� ����	��� ����	��� ����	��� 

�         ��         �� �        ���	���� ����	���� ����	���� ����	���� 

�         ��         �� �        ���	���� ����	���� ����	���� ����	���� 

'  �                              �  

	 �                  �   �                            �
�             ���             �  � 

u

u

u

u

u

u

u

u

u

u



��� 

 

u

��
�uu�
�u�                                 �� � "�        
                   �        

                   �                ��
��
� � 

��
      �                                � ���� 

u

�uu��uuuu ��u�u�u�uu uu�u�u�u 
��uuu�uu

uu
��
u


��uuu�uu

�u
��
u


��uuu�u

 u�uuu�uuuu

�           �       ���	���� ����	���� ����	���� ���	���� 

�           �� �        ���	���� ���	���� ����	���� ����	���� 

�           �� �        ���	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �       �	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �� �        ���	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �� �        ���	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �       ���	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �� �        ���	���� ����	���� ����	���� ����	���� 

� � �   �     � ������ �� �        ���	���� ���	���� ����	���� ����	���� 

� � �   �     � ������ �       ���	���� ���	���� ����	���� ����	���� 

� � �   �     � ������ �� �        ���	���� ����	���� ����	���� ���	���� 

� � �   �     � ������ �� �        ���	���� ����	���� ����	���� ����	���� 

�         ��         �       ���	���� ����	���� ����	���� ����	���� 

�         ��         �� �        �	���� ���	���� ����	���� ����	���� 

�         ��         �� �        ���	���� ����	���� ����	���� ����	���� 

'  �                              �  

	 �                  �   �                            �
�             ���             �  � 

u

u

u

 

 

 

 

 

 

 

 

 

 

 

 

u

u



��� 

 

��
�uu���u�                               �� � "�        
                   �        

                   �                ��
��
� � 

��
      �                                � ���� 

 

�uu��uuuu ��u�u�u�uu uu�u�u�u 
��uuu�uu

uu
��
u


��uuu�uu

�u
��
u


��uuu�u

 u�uuu�uuuu

�           �       ����	����� ����	����� �����	����� �����	����� 

�           �� �        ����	����� �����	����� �����	����� �����	����� 

�           �� �        ����	����� �����	����� �����	����� �����	����� 

� � �   �     � ������ �       ����	����� �����	����� �����	����� �����	����� 

� � �   �     � ������ �� �        ����	����� �����	����� �����	����� �����	����� 

� � �   �     � ������ �� �        ����	����� �����	����� �����	����� �����	����� 

� � �   �     � ������ �       ����	����� �����	����� �����	����� �����	����� 

� � �   �     � ������ �� �        ����	����� �����	����� �����	����� �����	����� 

� � �   �     � ������ �� �        ����	����� �����	����� �����	����� �����	����� 

� � �   �     � ������ �       ����	����� �����	����� �����	����� �����	����� 

� � �   �     � ������ �� �        ����	����� �����	����� �����	����� �����	����� 

� � �   �     � ������ �� �        ����	����� �����	����� �����	����� ����	����� 

�         ��         �       ����	����� �����	����� �����	����� �����	����� 

�         ��         �� �        ����	����� �����	����� �����	����� �����	����� 

�         ��         �� �        ����	����� �����	����� �����	����� �����	����� 

'  �                              �  

	 �                  �   �                            �
�             ���             �  � 

 

uuuu�u�uuuuuuuuuuu�u���u�uuu�u��u�uu��u�u�uuu��u�uu�
��u uu�uu�uu��uu uuu��uu��uuu�uuuuu

u�u�uuu��u�uuuu��uu�u��u�uuuuuuuu�uu�uuu�uuu�uuuuuuuu
��
uu�u

��
u��uu�u�uuu�uuuuu

�                          ���     ���    �                                   �      �    

                           �                �                                              

           � �                                 �                                           

         �   � �    ��                       �                                   �         

   �   �      �                       ��    �                                             

   �                           �      ����  

       �               ��
��
� � 

��
      �                          �                   

         �                 �        ���     ���� �                                       

                   �                                                         �             



��� 

 

                �        � 
��
      �        �                    �                      

                    � ����� �    4�     �                 �         �      ����               

        �      ���            �      ���                                                   �u

�          �                      �                                                        

                           �                                      �                             

                                                                   �         �           

               � �              �  � �                             �   �                        

                                   � � ���         �                                   ���� 

       �                                               ���         �                     

��         �      ������                           �   ���              � ���              

    ���                                            �                                    

                 �
         �                    ����� ��        �          �          

�                 �����                                                         �     �       

                                                  ��    �  "� �     ��   �      �� ������ 

�       �               �                           �               �         �          �    

       �                                                                  �       �            

 � ���                 �                                      4�              �            

            � #               �                                                        �        

     �                                                     �                               

   �                          ��     � ������  

� �   �     �    �   ������                                                            

          �    �                                                            �   �          

                                        �           �                                    

                                    �                         �          �                      

                         �                          �  

��
�uu���u�         �                               �      �                          �     � 

                       � ����u u

 

'  �                              �  

	 �                  �   �                            �
�             ���             �  �� 

u

u

u

u

u

u

u



��� 

 

��
�uu�u�u�                      �          �� � "�        
                   �        

                   �                ��
��
� � 

��
      �                                � ����u

�uu��uuuu ��u�u�u�uu uu�u�u�u 
��u����u

uu
��
u


��u����u

�u
��
u


��u����u

 �u

�           �       ����	���� ����	���� ����	���� ����	���� 

�           �� �        ����	���� ����	���� ����	���� ����	���� 

�           �� �        ����	���� ����	���� ����	���� ����	���� 


��� �  � ��  � �    ���     

 �       ����	���� ����	���� ���	���� ����	���� 


��� �  � ��  � �    ���     

 �� �        ����	���� ����	���� ����	���� ����	���� 


��� �  � ��  � �    ���     

 �� �        ����	���� ����	���� ����	���� ����	���� 

�  �   ��  ��   ��  �  
� �       ����	���� ����	���� ����	���� ����	���� 

�  �   ��  ��   ��  �  
� �� �        ����	���� ����	���� ����	���� ����	���� 

�  �   ��  ��   ��  �  
� �� �        ����	���� ����	���� ����	���� ����	���� 

�    �          ��  �  
� �       ����	���� ����	���� ����	���� ����	���� 

�    �          ��  �  
� �� �        ����	���� ����	���� ����	���� ����	���� 

�    �          ��  �  
� �� �        ����	���� ����	���� ����	���� ����	���� 

    ��   �   �          ��� �       ����	���� ����	���� ����	���� ����	���� 

    ��   �   �          ��� �� �        ����	���� ����	���� ����	���� ����	���� 

    ��   �   �          ��� �� �        ����	���� ����	���� ����	���� ����	���� 

�         ��         �       ����	���� ����	���� ����	���� ����	���� 

�         �         �� �        ����	���� ����	���� ����	���� ����	���� 

�         �         �� �        ����	���� �����	���� ����	���� ����	���� 

'  �                              �  

	 �                  �   �                            �
�             ���             �  � 

 

 

 

 

 

 

 

 

 

 

 

 

 



    

 

                      

� ��  ���  �  ��                                                                    

   �      ���   �     �  �����	
 ��� 
      ��      �               ��   �  �   
  � 

    �  �
 �    �  �       �       ��  �    ����
 ��      � � �   �� 	 �� � 
  � 
 �  

��
���	
 

� ��  ���  �  ��                     ��        ���   �     �    �        �            

     � ��� 
 �     � ��      �  ��  
��   �    � �  � �    � �  �  
   �� �  � ��    

  � � � � 
�        � 
� ��  �     �     �   �  ���	     ������	�          
  
  
 

��      � � �   �� 	  �������� ���	
   �����
����� ���������������� �� � 
  � 
 �  � 

�
��	
 

             � ��  ���  �  ��  %�       �         ��        ���   �     � �  �  �   

     �         
    
 �  �   �  �� � ��   �� ��      �� �   	���

�� � � �   � �        �	 
�   �       �   
           � �� 
    
   �  ��  
 ��      �� 

  �  
     � ��  ��������   �����
����� ����������������
 ��      � � �   �� 	 

 

�      �        � ��  ���  �  ��     �                  �   ���   �     � � ����
  �� 

   ��  
 �    �     �  
  �   �      
 ��   � � 
  �     
     ��  ��   
	  �   
 

�  �     �    ��      �� �   � � �     �  ��������  

 �����
�������������
����
�������
 ��      � ��   �  $ �   
  	
 

 

� ��  ���  �  ��          �                                                            

�            �    ���   �     �  ������ ��� 
      �   �   �       � ��      �  ��   � 

�  � 
  � 
   �   �  
 
 
 �  ��     
���   �
  �  ��   ����	  �������
 �� � 
  

� 
 �  �
��	
 

                        �  ��        � ��  ���  �  ��           ��      
 ������ 

    
   
  
    �    �
 �  � �        �  
 
 
 �  ��     
���   �
  �  ��    �   � 

����	  �������
 �� � 
  � 
 �  �
��	
 

  �         + �    �       � ��  ���  �  ���      �   � +�  �   �    �  ������ 

   � �    
 ����
   ��      
       
�    �   �  �      �     � ��   � � �   � 

   ��  
 �         � � �     �  ��   �  
�        �   �   
 �  ��         �  �       

��
  �����       �� ��	  �������
 �� � 
  � 
 �  �
��	
 

             � ��  ���  �  ��          
  ��        
 ������ � ����
 �  ��     �  

�� N��� �   �   �� � � � �     �   
  
   � ��   �     �  �  � �   
��   �� 
 �  
    



    

 

  � �
   
       
� �     �          � �   � � �����	 �� �
  � ���
����� ����������

������
 �� � 
  � 
 �  �
��	
 

             � ��  ���  �  ��  ���   �     �         ��      
 ������ �� �      �� �     

� ��   � � �   �             
 �      �   �  � �   �     �    
�        �   �   
 

�   �       
 
 �  ��     
    �          � � �     �
 ����������
 �� � 
  � 
 �  

�
��	
 

             ��                       �  �               � ��      �  ���   �   

� ��  ���  �  ��               
 ������ �    �  �     ����   �     ��     %     ��   � 

�  �
  
  � �� �
 � �� � �  %�  ��
 �  �       �  � 
��   
   � 
 
 �  ��     

�  �  � �  �������
 

                   ��        
  
        � ��  ���  �  ��     �      �        ������ 

 ��
  � 
�� 
 ��  �   ��    �  � �
  �  �� � �  �� � �   � ��   
  �  �  � �  ��
 

    �    �    �    �  �   ���	  �������
 

                   ��       ���   �     �   � ��  ���  �  ��     �      �  

    ��������   ��  �     �   ��  �  �  � �      � �       �  ��  �  �      �  �
 

    �    �    �    �  �   ���	  �������
 


   ���  �    �  �  ���  �  

� ��  ���  �  ���          �      ���   �     � 
     �     � �� � 
� �  � � �  �   �    

     � �
  � ��  ��   �  
     �   �  
  �     �    �  �  
 ��  � �  
 �       �� 
 

�  ���  �� �  ��� 

� ��  ���  �  ��           �      ���   �     � 
   %��� �       �   �      �       ��� 

 � �  �  ����
  

                   ��           �  �               � ��           � ��  ���  �  ��
 

� ��   
    �   �    ��
�  �       ��       ���    �
 � ��  �
 ���  �    ����
 �    �� 

 �� �  ��� 

�      �                     � ��  ���  �  ���    �           �     �  �         �
 
 

� 
 �        ���   �     � 
   � � �     �  ��  �     �        � � �   �  �        

  
 �       �   �  � �   �  
         �       �  �  �    �          �   � �  � 
 � ��  �
 ��  

�    ����
 

�   ���    �   � ��  ���  �  ��               +          �  +           ���   �  

   � 
 � � 
  ��        
    �      �    �   � ��       �        ��   � ��  �� 
   �    

             
   
 � ��  �
 ���  �    ����
 �    ��  �� �  ��� 

 


	01_Title
	02_Certificates
	03_Abstract
	04_Acknowledgement
	05_Table of Contents
	06_List of tables
	07_List of Figures
	08_Introduction
	09_Review of literature
	10_Hypothesis
	11_Objectives
	12_Materials & Methods
	13_Result and Discussion
	14_Summary & Conclusion
	15_References
	List of Publications

