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Introduction	

Organochlorine pesticides (OPs) are synthetic chlorinated 
hydrocarbon pesticides that are widely used as pesticides that 
are stable throughout nature Aktar [1]. Hexachlorocyclohexane 
(HCHs) is an OP formed when the benzene ring is chlorinated 
in the presence of light Metcalf. Glyphosate is an OP that is used 
to manage numerous seasonal and annual weeds in domestic 
gardens, farmlands, and aquatic systems. It is a post-emergence, 
broad-spectrum, non-selective herbicide Walpola [2]. Algal 
blooms and noxious underwater plants are also managed with 
glyphosate Siemering [3]. Furthermore, the widespread use of 
glyphosate in cultivation has increased after the introduction of 
genetically resistant (GR) crops such as maize, canola, sugar beet, 
and soybean Woodburn. Glyphosate is used in agriculture and has 
the potential to increase maize yield by 19% Masthan. Without 
pesticides, the overall reduction of crop production due to algae,  

 
rodents, and other diseases doubles FAO [4]. In previous years, 
glyphosate was more often used than other OPs Lipok et al.

The use of glyphosate on a regular basis has a negative impact 
on the environment and human health. Glyphosate is stable in soil 
and the atmosphere after treatment Ellis & Griffin [5]; Wang et 
al. The half-life of glyphosate in soil may be as long as 174 days 
Vencill [6]. Its excessive use of soil pollutes water and food, and 
it’s been linked to cancer and mutation. Increased glyphosate 
uptake and concentration of consumable parts of the crop has 
a detrimental impact on human wellbeing, causing tumours in 
every portion of the human body (prostate, lungs, and liver), as 
well as disrupting the nervous system and animal reproduction 
Xu et al. [7]. Furthermore, most OPs, including glyphosate, are 
mobile in nature and causing groundwater pollution. The Figure 1 
demonstrates the glyphosate effects on different systems. Various 
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strategies are used to remove glyphosate from the contaminated 
environments and mitigate the effect of glyphosate on the soil-
plant system. Among all methods use of glyphosate resistant crops 

with higher application of nitrogen and phosphorus than normal 
dosages, use of microbes, and plant growth regulators could be 
suitable option to mitigate the above-mentioned problems.

Figure 1: Glyphosate effects on whole ecosystems including environment.

HCHs can be degraded by microorganisms and used as a 
fossil source. Microbes convert contaminants into less toxic 
substances, which help to clean up the dirt and water Maheshwari 
et al. In agricultural soil, plant growth-promoting rhizobacteria 
(PGPB) are used as inoculants to improve soil fertility. Bacterial 
inoculation promotes plant growth by lowering the expense 
of chemical fertilisers. The efficacy of inoculants is influenced 
by a number of factors, including root exudates, bacterial root 
colonization, and soil quality Rocheli et al. Bacterial inoculation 
improves water use quality, photosynthesis rate, and stomatal 
conductance, as well as plant water content Vivas et al. Rhizobium 
that fixes nitrogen may degrade toxic compounds into nontoxic 
forms Shivaramaiah & Kennedy. Rhizobium developed enzymatic 
action to detoxify contaminants as a result of increased pollutant 
exposure Zinjarde et al. They also influence the macro and micro 
especially (Zn) nutrient availability up to extent which can take 
part in many enzymes’ activation Gondal et al. [8]; Bakar Ijaz et 
al. [9]; Gondal et al. [10]. Rhizofiltration, Plant extraction, plant 
stabilization, plant evaporation and plant decomposition, and 
rhizosphere degradation are some of the main processes involved 
in phytoremediation. Using chelating and acidifying agents, adding 
electric current to the soil, using organic chemicals and fertilizers, 
planting transgenic seeds, using bacteria, and using plant growth 
regulators will all improve the effectiveness of phytoremediation.

Plant growth regulators (PGRs) play a critical role in 
plant production and growth. PGRs are described by the US 
Environmental Protection Agency (EPA) as any compound 
that increases or decreases plant growth by altering biological 
processes Hopkins; Fishel. Plant development is aided by PGRs, 
which reduce the harmful effects of toxins in the soil. Auxin is one 

of the most critical PGRs of all the PGRs Frankenberger & Arshad. 
Plant growth regulators have recently been studied as a viable 
tool for enhancing phytoremediation efficacy. The gibberellins, 
auxins, and salicylic acid are effective plant growth regulators 
for phytoremediation. These materials’ behaviour is determined 
by their concentration, environmental factors that influence 
absorption, and the physiological condition of the plant. Nitrogen 
is one of the most essential elements for plant growth Stefanovic 
[11]. Glyphosate application with nitrogen fertilizer is increased 
worldwide in order to mitigate the negative impacts of pollutants 
such as glyphosate on environment and growth of plants Nivelle 
et al. [12]. The metabolic activities such as nutrients availability, 
nitrate contents, phosphate contents, alkaline phosphatase and 
urease enzymes activities and nitrification process are enhanced 
after application of glyphosate with nitrogen fertilizer Nivelle et 
al. [12]. In addition, nitrogen fertilizers significantly influence the 
dehydrogenase and urease activities, which are considered as most 
important indicators of total microbial activity Dick et al. [13]. In 
general, microbes use two pathways to decompose the glyphosate 
compound namely glyoxylate and aminomethylphosphonic acid 
Schuette [14].

The presence of phosphate greatly reduced glyphosate 
adsorption to soils by vying with glyphosate for soil adsorption 
locations. Meanwhile, on the two transient charge soils, the effects 
of phosphate on glyphosate adsorption were more important 
than on the permanent charge soil. Previous studies revealed 
significantly enhancement in crop growth and yield due to 
application of phosphorus in glyphosate contaminated soils Wang 
et al. [15]. As phosphate and glyphosate were applied to the soils 
in various orders, the adsorption concentrations of glyphosate 
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on the soils varied, as follows: GPS-soil > GPS-P-soil = GPS-soil-P 
> P-soil-GPS, implying that glyphosate, phosphate, and the soils 
had a complex relationship Wang et al. [15]. Using these products 
raises the plant’s biomass while reducing the harmful effects of 
toxins in the environment. Phosphorus is an important nutrient 
because it is more concerned with the plant metabolism and 
energy transfer process Marschner [16]. Glyphosate inhibits 
the shikmate pathway and negatively effects on photosynthesis 
process Siehl & Roe [17]. As phosphate and glyphosate compete 
for adsorption sites in the soil so, it can be uptake by the plant 
Denis & Delrot [18]. Glyphosate can uptake and translocate in 
soil and can remediate soil through phytoremediation. Available 
phosphorus can enhance the physiochemical properties of plants. 
Gomes et al. [19] concluded that willow plant phytoremediation 
increase by the addition of mineral nutrient Gomes et al. [19].

When opposed to hand weeding, industrial glyphosate 
formulations and pure active ingredients will decrease earthworm 
development, with cascading effects on glyphosate fate in soil and 
leachate. We propose that associations between formulations and 
active ingredients exist because water penetration and glyphosate 
in soil and water were both interactively mediated by soil 
properties. A full disclosure of all ingredients in the formulations 
will be needed to properly understand the differential effects 
of formulations vs. their active ingredients. More research into 
long-term effects at various trophic levels appears to be needed 
for a more realistic assessment of the ecological side effects of 
glyphosate herbicides [20-22].

Conclusion

In conclusion, Pakistan imports a substantial volume of 
pesticides per year, including herbicides, insecticides, and 
fungicides. It is undeniable that improper and inappropriate 
application of pesticides, especially glyphosate, has adverse 
effects on human health and the climate, while determining the 
true nature of these effects is challenging. Several scientists use 
various approaches to remove glyphosate and mitigate its toxic 
effects on plants; however, limited studies are available on the 
use of microbes in combination with different level of N and P 
fertilizers for improving growth and removal of glyphosate from 
soil. Therefore, the aim of this study is to evaluate the effects 
of a microbial consortium and different level of nitrogen on 
remediation of glyphosate and growth of maize in glyphosate-
polluted soil. It is important to encourage organic farming 
activities that use bio-pesticides or biological agents to combat 
weeds rather than herbicides to minimize the use of glyphosate.
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