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Glyphosate is a non-selective herbicide that is commonly used to combat a wide range
of annual and perennial weeds. However, its widespread use has negative
consequences for human beings and for the climate change. Aside from that, it has an
effect on marine organisms, microbial biota in soil, which leads to a lack of soil
fertility, and eventually reduces plant growth and yield, all of which has an impact on
the food chain. Various methods have been used to eliminate glyphosate from polluted
environments, but the most eco-friendly and cost-effective alternative is microbial
degradation and the use of nitrogen, either singly or in combination with organic
sources. Microbes release basic elements in the soil by their enzymatic processes, and
they play an important role in improving plant growth and phytoremediation capacity
by lowering the total toxicity of a pollutant to plants. Furthermore, dehydrogenase and
urease processes, which are known to be the most critical measures of overall
microbial development, are greatly influenced by nitrogen fertilizers. Hence, the effect
of glyphosate should be analyzed in order to establish a conservation and management
strategy to mitigate glyphosate toxicity of aquatic ecosystems, plant growth, and
habitats, as stated above.

Introduction
Organophosphates (OPs) are the most
important pesticides because they provide
protection to the plants from weeds and pests

(Yang et al., 2017). Glyphosate is one of the
OPs, and is post emergence, wide-ranging and
non-selective herbicides and used in
controlling of various perennial and annual
weeds in residential gardens, agricultural lands
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and aquatic system (Walpola et al., 2007).
Glyphosate is also used to control algal
blooms and noxious aquatic weeds (Siemering
et al., 2008). Besides this, widespread usage
of glyphosate in agriculture is increased after
the initiation of genetically resistant (GR)
crops (Woodburn, 2000) such as maize,
canola, sugar beet and soybean (Duke, 2011).
Glyphosate is used in agriculture and could
enhance the maize yield by 19% (Masthan,
1989). Overall loss in crops yield due to
weeds, pests and other diseases becomes
double without usage of pesticides (FAO,
2017). In previous years, glyphosate use
becomes dominant than other OPs products
(Lipok et al., 2008).
The frequent use of glyphosate badly affects
the environment and human health. After the
application of glyphosate, it remains persistent
in soil and environment (Ellis and Griffin,
2002; Wang et al., 2016). Half-life of
glyphosate in soil may reach to 174 days
(Vencill, 2002). Glyphosate excessive
presence in soil leads to increase the
glyphosate level in GR crops (Cerdeira et al.,
2010). The increased uptake and accumulation
of glyphosate in consumable part of the crop
negatively affects the human health and causes
cancer in any part of the human body
(prostate, lungs and liver) and disturbs the
nervous system and reproduction in animals
(Xu et al., 2019). Additionally, most of the
Ops including glyphosate are mobile in nature
and causes contamination of groundwater
(Atterby et al., 2002). Various strategies are
used to remove glyphosate from the
contaminated environments and mitigate the
effect of glyphosate on the soil-plant systems
shown in Figure 1.
Effects on water bodies
Glyphosate
is
a
weed-controlling
agrochemical commonly used in agriculture.
Glyphosate, on the other hand, spreads to

water sources by run-off, spray drift and
leaching, possibly harming non-target biota
and as well as aquatic life (Ruiz-Toledo et al.,
2014). Furthermore, several experiments have
shown the negative impact of glyphosate on
amphibians, fish, mammals, and birds (Relyea
2005). Glyphosate kills the macrophyte
population in the marine system, and acts as a
microhabitat
for
phytoplanktonic,
zooplanktonic and periphytic communities and
these results in top-down dominance of
planktonic populations, influencing fish
shelter and feeding. Fish may be exposed to
lyphosate and formulation compounds by their
gills and digestive tracts after ingesting
infected food or water (Annett et al., 2017).
Glyphosate is ingested and spread across the
body by the blood circuit, touching many
tissues until within the species. GBHs have a
variety of effects on fish, affecting a variety of
organs as well as molecular stages (Annett et
al., 2017).In the liver, glyphosate induces
vacuolization and nuclear pyknoses; in the
kidney, tests show Bowman capsule dilatation
and hyaline decline accumulation in tubular
cells; and in the gills, glyphosate causes
hyperplasia, lamellar fusion, and aneurism
(Ayoola et al., 2017).
Effects in soil properties
Glyphosate use of farm land has an effect on
the soil and seed bed, as well as extreme
deforestation and other forms of land
depletion (Teamti and Tesfay, 2016). The
glyphosate concentration up to some extent in
soil disrupts the soil properties including soil
texture, cation exchange capacity, soil bulk
density, available phosphorus, total nitrogen
and soil moisture contents (Saraswathi,
2019).However, some tests have found that
there is a risk of glyphosate leaching into
deeper soil layers, where it could end up in
land and surface waters in some cases.
Sorption is affected by a variety of factors,
including mineral quality and form, pH that is
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important factor of soil health determination
(Gondal et al., 2021a), soil redox conditions,
and phosphate content (that can compete with
glyphosate for sorption sites)and potentially
organic matter in the soil. Furthermore, micro
nutrients (Zn) and various other macro
nutrients availability may become stunted due
to contamination (Gondal et al., 2021b; Bakar
Ijaz et al., 2021). Rainfall and bad soil
conditions will increase the risk of glyphosate
evaporation from soils.
Effects on plant growth
As a result, glyphosate residues in soils are
likely to be exposed to seed-propagated crops
with minimal endosperms as an energy source
after imbibition at the start of seed
germination. Potato sprouts, on the other hand,
are more self-sufficient, feeding mainly on the
tuber, while seedlings have little energy
storage in the cotyledon. In addition, it
increases the pathogen and pests attack on
crop germination stage (Martinez et al., 2018).
In glyphosate contaminated soils, oat, faba
bean, and turnip rape emerging percentage
was greatly delayed. Furthermore, previous
studies showed significantly reduction in yield
and yield components due excessive dosage of
glyphosate polluted sites. It also reduce the
physiological parameters such as indole acetic
acid
concentration,
proline
contents,
chlorophyll a and b, amino acids and other
essential components from the yield as well as
from plant parts (Fernández-Escalada, 2019).
Effects on human and animal health
Thus people are using higher concentrated
glyphosate contaminated yield and it leads to
different diseases in humans as well as in

animals. Glyphosate have been shown in
recent studies to have the potential to harm
animal reproduction by disrupting key
regulatory enzymes in androgen synthesis,
altering serum levels of testosterone, estrogen,
damaging reproductive tissues, and impairing
game to genesis (Jarrell et al., 2020).
Remediation measures
Various strategies are used to remove
glyphosate
from
the
contaminated
environments and mitigate the effect of
glyphosate on the soil-plant system. Among
biological approaches, phytoremediation and
microbial degradation of glyphosate are
suitable options due to their eco-friendly and
cost-effective nature (Prihastuti et al., 2014).
Microbial approaches
Microbes have ability to remove glyphosate
from soil and improve soil productivity as
well as sustainability. Moreover, the microbes
release different enzymes from their body to
degrade the glyphosate compounds to get
energy source in the form of phosphorus,
nitrogen and carbon (Zulfiqar and Yasmin,
2020). After decay, decomposition products
lead to improve the soil fertility status and
plant growth. The products obtained from
glyphosate degradation in first pathway are
carbon dioxide, methanol, ammonia and
phosphate (Araujo et al., 2003) and in second
pathway are amino acids including cysteine,
glycine, methionine, serine and histidine
(Pipke et al., 1987). The obtained products
may increase the growth of plants in
glyphosate-contaminated soil. Additionally,
the previous studies revealed that soil
microbes have great tolerance against these
herbicides (Lane et al., 2012).
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Fig.1 Effect of glyphosate on soil-air-plant system
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Source: (Gondal et al., 2021c)

Nitrogen sources

Phosphorus sources

Nitrogen is one of the most essential elements
for plant growth (Stefanovic et al., 2010).
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., 2017).

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.
Glyphosate inhibits the shikmate pathway and
negatively effects on photosynthesis process
(Siehl and Roe, 1997). As phosphate and
glyphosate compete for adsorption sites in the
soil so, it can be uptake by the plant (Denis
and Delrot, 1993). 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., 2016
concluded that willow plant phytoremediation
increase by the addition of mineral nutrient
(Gomes et al., 2016). Pakistan imports a
substantial volume of pesticides per year,
including herbicides, insecticides, and

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., 2017).
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., 1992).
In general, microbes use two pathways to
decompose the glyphosate compound namely
glyoxylate and aminomethylphosphonic acid
(Schuette, 1998).
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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. There is currently no agreement
on a particular mechanism of glyphosate
toxicity; it is most likely made up of many
mechanisms that vary based on the formula
and organisms. As a result, it's still necessary
to figure out how glyphosate toxicity works in
a variety of organisms. 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 fertilizers for improving maize 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 glyphosatepolluted soil. It is important to encourage
organic farming activities that use biopesticides or biological agents to combat
weeds rather than herbicides to minimize the
use of glyphosate.
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