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Introduction

The dominant soil factors affecting herbicide fate and
degradation include soil physical properties, soil chemistry, and
microbial activity. Soil nutrients are intrinsic soil factors that
have a direct or indirect impact on the behavior of herbicides
in the agro-ecosystem. The presence and concentration of
nutrients such as nitrogen, phosphorus, iron, etc. play a vital
role in the persistence and degradation of herbicides in the
environment. In many instances, soil nutrients compete for
herbicide adsorption sites in the soil. The importance of this
process is determined by the physical and chemical properties
of the herbicide and by soil characteristics. Additionally, several
soil macro- and micronutrients function as co-factors necessary
for the herbicide degrader’s growth and activity [1], stimulating
microbes to synthesize the essential enzymatic system to
break down the herbicides. Here we present a short review of
possible interactions that can occur between herbicides and soil
nutrients and the subsequent impacts on the environmental fate
of herbicides.

Competition for adsorption sites

Adsorption, or binding of herbicides to the soil, is of critical
importance towards determining the fate of herbicides in the
soil environment. Adsorption controls the amount of herbicide
present in the soil solution. Soil-adsorbed herbicides are
temporarily unavailable for microbial degradation because most
microbes cannot utilize herbicides in the adsorbed state [2].
Degradation of herbicides in soil has been found to be inversely
correlated with the adsorption capacity of the soil [3]. If
adsorption of herbicides is high, degradation will be low, possibly
due to reduced microbial bioavailability [4,5]. lonic or polar
herbicides (glyphosate, paraquat, diquat, etc.) possess unique
adsorption characteristics in the soil when compared to other
herbicides that are dominated by non-polar groups (aliphatic
and aromatic carbon). Glyphosate, a widely used post-emergent
broad-spectrum herbicide is a small molecule with three polar
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functional groups (carboxyl, amino, and phosphonate groups)
and is actively adsorbed by soil minerals [6]. In most soils within
the pH range of 4 to 8, glyphosate forms mono- or divalent anions
and binds with trivalent cations such as aluminum (AI**) and
iron (Fe®*) [7]. As phosphate in the soil is chemically similar to
glyphosate, they react in a similar way. Consequently, glyphosate
and phosphate compete for the binding sites, which may affect
glyphosate adsorption, and hence mobility, in phosphate-rich
soils [6].

The impact of phosphate on glyphosate adsorption in soil
was described shortly after the herbicide’s launch into the
market [8]. Several studies have confirmed the competitive
adsorption of glyphosate and phosphate as well as its substantial
variability in behavior in various soils [9,10]. A relevant study
by Gimsing & Borggaard [11] on the comparative adsorption of
glyphosate and phosphate by iron oxide minerals demonstrated
competition and adsorption preference for phosphate. This
not only eliminated glyphosate adsorption but also resulted in
enhanced mobility (desorption) of the herbicide following the
addition of phosphate to the soil. Competition for adsorption
sites between glyphosate and phosphate, therefore, seems
apparent and may have a severe impact on glyphosate mobility,
and consequently its bioavailability. This is particularly notable
in agricultural soils that are saturated or nearly saturated with
phosphate as a result of excessive phosphorus fertilization
over many years [12]. Glyphosate-phosphate competition is
of environmental concern because the suppressed glyphosate
adsorption on phosphate enriched soil may lead to an increased
risk of glyphosate leaching to the aquatic environment.

Formation of Chemical Complexes: Chelation Effect

Chelation is the binding of chemical molecules (ligands) to
a central metal resulting in the formation of a chemical complex
[13]. Certain herbicides can act as metal cation chelator which
interferes with their uptake and translocation in plants. Recent
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evaluations on the chelating ability of herbicides highlighted the
significant role of herbicide molecules as an essential factor in
interacting with nutrients in soil and crops.

The reduced availability of nutrients as a result of external (in
the soil) or internal (in the plants) interaction of glyphosate with
cationic nutrients is observed in production systems that rely
heavily on glyphosate for weed management. For example, Eker
et al. [14] and Bai et al. [15] found that glyphosate reduced the
uptake and translocation of micronutrients such as manganese
(Mn) and iron (Fe) in row crops and orchards.

This hindered micronutrient availability to the crops was
attributed to the formation of poorly soluble glyphosate- metal
complexes in plant tissues and/or rhizosphere [14]. There are
several similar studies that note the ability of glyphosate to
inhibit the acquisition of micronutrients such as Mn, Fe, zinc (Zn)
and boron (B) in plants [16-18].

Impacts of soil nutrients on microbial transformation/
degradation of herbicides. Microorganisms can transform
compounds, including herbicides, utilizing alternative electron
acceptors such as nitrate (NO,), sulfate (SO,3-), and iron (Fe®')
[19,20]. Soils abundant with these nutrients are a conducive
environment for the microorganisms to break down herbicidal
compounds. This effect is even more profound in water-saturated
or flooded soil conditions. Inundation of the soil results in a
succession of heterotrophic microbial communities adapted to
utilize a variety of potential electron acceptors other than oxygen.
In anaerobic conditions Fe3* is often the most abundant potential
electron acceptor for the oxidation of organic compounds [21].
The contribution of iron (Fe®**) and nitrate (NO*) towards the
fate of herbicides have been implied in previous studies [22].
The presence of NO* suppressed the degradation of trifluralin.
However, degradation rate increased under Fe?* reducing
conditions. Recently it has been reported that degradation
and mineralization of a soil-applied pre-emergent herbicide,
metolachlor, coincided with the iron-reducing conditions [23].
The study suggested a probable role of reduced iron (Fe*) in
the microbial fate of soil-applied metolachlor under saturated
soil conditions. Hance [24] studied the possible impacts of
soil nutrients on the degradation of atrazine. In this study, the
addition of inorganic salts such as ammonium nitrate, potassium
nitrate, and ammonium phosphate significantly increased the
microbial transformation of atrazine in soil. Similar observations
on herbicidal interactions with nutrients were made by other
researchers. Lipthay et al. [25] showed that the mineralization
rate of the herbicides 2,4-dichlorophenoxyacetic acid (2,4-D)
and mecoprop was significantly increased by the presence of the
nutrients including sodium (Na), potassium (K) and magnesium
(Mg). In yet another study, the presence of NO* resulted in an
enhanced metabolism of mecoprop without any lag period [26].

The microbial degradation of the herbicide isoproturon was
increased in the presence of nitrogen (N) and phosphorous (P)
[27].

Influence of Herbicides on Soil Nutrition and Fertility

Certain herbicides are noted for altering soil nutrition and
fertility. For example, substituted urea herbicides, including
fenuron, monuron, diuron, siduron, linuron, and neburon
have been found to inhibit soil urease activity [28]. with the
concentration of the herbicides and the herbicides and the soil

type studied.

Notably, urease activity was inhibited not only by herbicides
but also by other agrochemicals, including Mancozeb, a
dithiocarbamate fungicide [29,30]. These urease-inhibiting
pesticides would decrease the eventual conversion of this
fertilizer to NO3-, especially in cases where they are applied as a
mixture or in close proximity with ureain the soil. Palmaetal. [31]
showed that such impacts of herbicides on urea mineralization
could strongly affect the bioavailability of N in the soil. However,
mild inhibition of urease is beneficial as it prevents occasional
NH** toxicity problems and reduces the potential N losses.

High rates of herbicides can affect the nodulation [30] and
symbiotic nitrogen fixation in leguminous crops [32], though
such impacts are negligible when herbicides are applied at
optimal levels [30,33,34]

Conclusion

The behavior of herbicides in the environment is influenced
by the presence of nutrients. Variability in soil nutrient
conditions ubiquitous to agro-ecosystems may pose a potential
environmental risk in the form of herbicide persistence or
conversely, may facilitate herbicide degradation. Although
herbicides have been the subjects of much research, their
fate remains understudied, particularly under fluctuating
soil nutrient conditions in the milieu of a multifaceted agro-
ecosystem. Understanding of herbicide-soil nutrient interactions
can potentially explain the reduced activity or inactivation of
herbicides seen in some locations and can also have implications
for the efficacy of soil residual herbicides and remediation of
herbicide contaminated areas.
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