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INTRODUCTION 
Nitrogen (N) a major nutrient required by plants in 

large amount as it serves as a constituent of many 
plant cell components, such as amino acids and nucleic 
acids. Though N is present in large quantity (78% by 
volume) in earth’s atmosphere, still it is a key yield-
limiting nutrient in crop production. Gaseous form of N 
cannot be utilized by majority of the organisms except 
cyanobacteria and legumes, which have natural ability 
to fix atmospheric nitrogen. Nitrogen pool in the soil is 
sourced from atmospheric N fixation by legumes, 
animal manures, soil organic matter (SOM) and N-
fertilizers. Most of the plants, other than legumes, like, 
cereals rely on this fixed nitrogen. The modern 
cropping systems use external supplement of N to 
meet the crop nitrogen needs as N of the SOM is not 
sufficient for good yields[1]. Exponential increase in 
population growth and scarcity of good agricultural 
land are the major motivating forces to increase crop 
production and therefore, leads towards more fertilizer 
consumption especially in developing countries. In 
India fertilizer consumption has increased to 17 million 
tonnes today, urea accounts for 82% of total nitrogen 
consumption[2].  Nitrogen being the most essential 
nutrient for plant growth holds the biggest share 
among other nutrients/ fertilizers. Use of nitrogenous 
fertilizers has arisen a challenge of simultaneously 
improving crop productivity and nitrogen use 
efficiency. Indiscriminate consumption of nitrogenous 
fertilizers has raised certain issues pertaining to 
environment and energy consumption. The basic raw 
material for the production of nitrogenous fertilizers is 
NH3 and production of NH3 is energy and resource 
intensive. It accounts for 80% of the energy  

 
consumption for nitrogenous fertilizer. Also, rapid loss 
of these fertilizers from soil due to urease activity and 
nitrification is a serious problem. To reduce the loss of 
fertilizer N from soil due to urease activity and 
nitrification, there are many synthetic compounds/ 
plant products known as urease inhibitors and 
nitrification inhibitors respectively. Synthetic 
compounds as nitrification inhibitor and urease 
inhibitor have limited success and their use is restricted 
more in European countries/ developed countries. In 
developing countries they are not so popular, due to 
their cost and availability. In view of present scenario, 
our approach should be to minimize the use of 
chemicals in agriculture as far as possible, as they not 
only are costly but lead to environment and health 
hazards in long run. Safer, sustainable and cheaper 
option is to incorporate/ focus on plant based/ natural 
resources.  

 
Realizing the relevance of inhibition of nitrification 

for greater availability of N to the crop plants this 
review has been compiled to draw the attention of 
larger number of scientists towards this important 
global issue. 
 
Plant-based remedial prospects for nitrification 
inhibition: 

Availability of nitrogen to the crop plants through 
inhibition of nitrification is the current agricultural 
demand for minimizing the injudicious use of chemical 
fertilizers, which may prove toxic to the crop plants. An 
evaluation of the N transformation processes in the 
soil, the available forms of nitrogen, the reasons for its 
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loss from the soil and the consequent environmental 
hazards are the matters of concern for maintaining 
optimum nitrogen in the soil, and all these aspects 
have been discussed herewith. 
 

Nitrogen transformation processes. Nitrogen in 
soil exists in inorganic form such as ammonia (NH3), 
ammonium (NH4

+), nitrate (NO3
-), nitrogen oxides 

(NOx) and organic forms like amines, urea, proteins and 
nucleic acids. All forms of nitrogen are in constant state 
of flux and undergoing transformations. 
Transformation processes are: 

• Mineralization: The microbial transformation 
of organic nitrogen to inorganic forms is referred to as 
mineralization. 

 
• Nitrification: Biological oxidation of 
ammonia to nitrate via nitrite. 

 
• Immobilization: Uptake of NO3

-, NH4
+ from 

soil solution by soil microorganisms for metabolic 
maintenance, growth and reproduction, make it 
unavailable for other microorganisms and plants. 

• Denitrification: Bacterial conversion of 
nitrate to nitrite and molecular nitrogen.  

 
• Volatilization: Loss of nitrogen to 
atmosphere as NH3 gas is called as ammonia 
volatilization. 
 

Available forms of N (NH4
+ and NO3

-) are provided 
to plants throughout growing season by mineralization 
and nitrification in soil[3], whereas immobilization, 
denitrification and volatilization are responsible for N 
losses from soil making it unavailable to plant. 
 

Available forms of N for plant uptake. Plants 
generally utilize inorganic form of nitrogen, either NH4

+ 
or NO3

- as their N nutrient. The metabolic energy 
requirement of plants for assimilation of NO3

- and NH4
+ 

varies, being 20 moles and 5 moles of ATP per mole of 
NO3

- and NH4
+, respectively[4]. Also during the 

assimilation of NO3
-, nitrous oxide is released, which is a 

potent green house gas. Ammonium cations are bound 
electrostatically to the negatively charged clay particles 
and the functional groups of SOM in the soil. This 
binding prevents leaching and thus prevents N loss, on 
the other hand NO3

- anion is mobile and easily leached 
out of the root-zone as it is not electrostatically bound, 
like, NH4

+ counterpart[5]. Nitrogen nutrition in the form 
of NH4

+ is far better for plants which consequently 
show increased N use efficiency because of various 
merits associated with it (Table 1).  
 
Table.1: Forms of nitrogen available to plants in soil. 

Parameters Ammonium (NH4
+) Nitrate (NO3

-) 

Mobility 

Less mobile, being cation 
held by electrostatic 
forces to negatively 
charged clay surfaces and 
functional groups of soil 
organic matter. 

Highly mobile 

Assimilation 

Less metabolic energy 
needed to assimilate 
(5moles of ATP/ mole of  
NH4

+) 

More metabolic  energy 
needed to assimilate (20 
moles of ATP/ mole of  
NO3

-) 

Loss from 
soil 

Loss from  NH4
+ based or  

NH4
+ forming fertilizers as  

NH3 gas 

Denitrification losses 
from  NO3

- fertilizers or 
organic N fertilizers such 
as animal waste are 
generally much higher 
also lost via leaching 

Gaseous 
emissions 

Ammonia volatilization 
results into emission of 
NH3 into atmosphere 

Nitrate assimilation by 
plants and denitrification 
causes release of nitrous 
oxide a potent 
greenhouse gas 

Adverse 
effects 

Eutrophication and 
acidification of natural 
ecosystems occur due to 
deposition of lost  NH3 on 
land or in water[6]  

Air pollution, contribute 
to global warming, 
eutrophication and 
pollute groundwater 

 
Modern cropping system leading towards losses: 

To fulfill the need of mankind for food and fiber 
with a limited scope for horizontal geographical 
expansion in net cultivable land, modern agricultural 
systems encourage the use of N fertilizers (industrially 
produced inorganic nitrogen) over legumes and/or 
animals for N input[7]. Adoption of modern agricultural 
practices receding the usual practices of crop rotation, 
separating the animal husbandry from agriculture, 
involving more irrigation and drainage of agricultural 
fields and practicing the use of N fertilizers. Larger 
inputs of N for high yield increase the chances of its 
losses from the field. These not only waste the 
resources but also cause an almost irreversible damage 
to environment. In the current scenario, emphasis is on 
increasing food production at any cost; consequently 
poorly educated farmers use N fertilizers in their fields, 
bear its cost (not economically viable) and still are not 
benefited by the practice. There is need to understand 
the N nutrient requirements of crop and it should be 
synchronized with the fertilizer input. The usual 
practice is more fertilizer more yield; therefore, N 
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fertilizers are applied irrespective of soil conditions, 
climate, etc. But the fact is about 70% of fertilizer 
applied in the field is lost due to nitrification and 
associated N losses. Since excessive and indiscriminate 
use of N fertilizers contaminates the environment, it 
has now become a global problem and a serious matter 
of concern. 
 
Modes of N losses from soil: 

Most of the N fertilizer applied (mostly NH4
+ form) 

to the field or soil organic N is lost through nitrification 
at rapid rates within days or weeks. Three processes 
simultaneously operating in soil are responsible to a 
great extent for N losses in different forms. Figure 1 is 
an illustration showing different modes of N losses and 
how they are linked to each other.  
 

 
 

Leaching: Nitrate formed as a result of nitrification 
as mentioned above is highly mobile and prone to 
leaching, consequently not available to the plant.  Since 
nitrification is a biological process and carried out by 
microbes Nitrosomonas sp. and Nitrobacter sp., 
therefore, rate of nitrification depends on soil 
factors/properties in which bacteria present; 
temperature, pH, organic matter, moisture, aeration 
and availability of NH4

+ in soil. Conducive conditions for 
nitrification are a good supply of organic matter with 
gradual release of NH3, since nitrification is an aerobic 
process, therefore, good soil aeration is required, 
adequate available soil moisture nitrification rates are 
maximum when soil moisture is at its field capacity, a 
temperature between 20° and 30°C, and  pH between 
6.0 and 9.0. Nitrate formed leach through the soil to 
groundwater along with drainage or irrigation water. 
Concentration of NO3

- increases in the groundwater 
and becomes unfit for drinking. Also, excess of nitrates 
lead to eutrophication. 

 
Ammonia volatilization: Contributing factors for 

NH3 volatilization are concentration of NH4
+, soil 

temperature and pH that affect the partial pressure of 
NH3 in soil[8]. Soil pH is responsible for maintaining 
equilibrium between NH3 and NH4

+ forms, as the pH 
changes from 6 to 7, 8 and 9, the relative concentration 
of NH3 increases from 0.1 to 1, 10 and 50%, 

respectively[9], (Fig.2). Alkaline pH favours the 
formation of NH3, consequently its volatilization. Some 
other factors affecting NH3 volatilization are soil 
texture, moisture content of the soil, pH buffering 
capacity, cation exchange capacity, nitrification rate 
and presence of plant and plant residues[10].  

 
 
Denitrification: Denitrification is the process of 

conversion of NO3
- into gaseous forms such as N2O, NO, 

N2 by heterotrophic soil bacteria Bacillus subtilis, 
Escherichia coli, Aspergillus flavus, etc. Conditions that 
favour and support rapid microbial growth and activity 
viz., moist wet soils[11]and warm temperature[12] are 
responsible for denitrification. Denitrification takes 
place when heterotrophic bacteria under limited 
oxygen supply use NO3

- as alternative electron 
acceptor to produce N2O and N2. The N2: N2O ratio 
increases with decreasing O2 availability, and it 
decreases under high NO3

- availability. Other factors 
that affect denitrification are NO3

- concentration, pH, 
temperature and organic carbon[13]. In paddy fields 
where alternate wetting and drying is must in its 
production system denitrification process is chiefly 
responsible for the losses and greatly affect the yield.  
 
Environmental hazards: 

Nitrification and other transformation processes 
not only ultimately result into N losses but also 
significantly contribute to environmental hazards. 
Excessive nitrification, denitrification and ammonia 
volatilization one way or other adversely affect land, 
water and air, viz., acidification of soil due to increased 
levels of NO3

-, eutrophication of surface waters, 
contamination of groundwater with excessive NO3

-  and 
gaseous emission through denitrification result in their 
accumulation above permissible levels. Nitrates 
leached in the soil reach groundwater where it gets 
accumulated over the permissible limit and causes 
groundwater contamination. Drinking of such 
contaminated water causes methemoglobinemia 
especially in infants (blue baby syndrome). 
Eutrophication means nutrient enrichment, this is a 
process of nutrient enrichment of water bodies, which 
leads to rapid growth of phytoplanktons, algae and 
macrophytes followed by accumulation of more 
organic matter. Excessive input of nitrates in water 
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bodies through leaching results into eutrophication 
problems of surface waters. Two main sources of 
greenhouse gas emissions to the atmosphere 
produced as a result of soil biological processes are 
agricultural and forestry activities[14]. During 
nitrification (oxidation of ammonium to nitrite) there is 
emission of nitrous oxide, which is a potent 
greenhouse gas and has about 300 times more global 
warming potential than carbon dioxide. Further, 
denitrification leads to emission of nitrous oxide, other 
oxides of nitrogen. Significant decrease (10%) in the 
ozone layer is predicted if the concentration of nitrous 
oxide in atmosphere doubles and consequently, the 
ultraviolet radiations reaching the surface would 
increase by 20% [15]. Nitrogen monoxide being highly 
reactive destroys the ozone layer through an 
autofeedback catalytic cycle where it combines with 
ozone and forms NO2 which in turn reacts with oxygen 
and form NO again. Further, NO can cause acid rain (by 
getting converted into nitric acid), which results in 
acidification and eutrophication of ecosystems[16]. 
Production of fertilizers involves consumption of 
conventional energy sources. More N losses results 
into more incorporation of fertilizers. The use of N 
fertilizers appears to give short-term gains at the cost 
of our environment. 
 
Approaches to reduce N losses: 

Various strategies are followed to manage N loss 
from the field, some of them are; synchronization of 
fertilizer application with crop N requirements to 
facilitate rapid uptake, use of effective N fertilizer 
application methods (split or basal applications, 
banding of N fertilizers or broadcasting, placement of 
N fertilizer deep or on surface, foliar spray as and when 
required in case of urea). All above-mentioned 
approaches do help in minimizing losses of N from soil 
but constraints associated with them are additional 
labour costs and some practical difficulties, such as use 
of heavy machinery, availability of labour, etc.[7]. Also, 
fertilizers are modified to slow down the release of 
nutrient so that it remain available for longer period for 
plant uptake (slow-released and controlled-release 
fertilizers, coatings) or fertilizers are supplemented 
with certain chemical compounds synthetic or natural 
which retard the nitrification process or urea 
hydrolysis.  
 
Use of slow-release and controlled-release (SCR) 
fertilizers: 

 Slow- and controlled release fertilizers for eg., 
urea-formaldehyde based fertilizer, sulfur-coated urea 
and polymer-coated/encapsulated products ensures 
the availability of nutrients to plants for longer 
duration as compared to conventional fertilizers, as 
they are designed to slow down the nutrient 
availability[17]. The chemical and physical properties of 
such fertilizers are so managed that N is slowly 

released for uptake by plants, and is thus available for 
longer duration[18,16]. Besides this, conventional 
fertilizers can be converted into SCR fertilizers by 
encapsulating them with water-insoluble, semi-
permeable or impermeable with pores which regulate 
water entry and rate of dissolution and nutrient 
release[19]. Higher N recovery in mint-wheat-rice 
cropping system has been reported when urea coated 
with mint oil by-products are used[20]. Coating with 
urease inhibitor can improve the bioavailability of N, 
resulting in increased dry matter yield and N uptake[21]. 
However, use of these fertilizers is beset with certain 
problems such as, high cost compared to conventional 
fertilizers. Polymer coated urea is 4-8 times expensive 
than normal urea, therefore their use in agriculture is 
limited[22]. Besides economic viability, there are other 
limitations which restrict the use of these fertilizers, 
like, requirement of special handling skills, storage 
facilities and lack of research-based recommendations 
on their effectiveness and management under 
different environment and cropping systems[23].   
 
Application of nitrification inhibitors and/or urease 
inhibitors: 

Nitrification inhibitors and urease inhibitors are 
variously known as magic bullets or tools. Nitrification 
inhibitors are the chemicals that slow down, delay or 
restrict the nitrification process by retarding the 
metabolism of soil nitrifers, so that fertilizer N can be 
utilized by the plants before it is lost from the soil as 
nitrate[23]. There are number of compounds known as 
nitrification inhibitors, many of them are patented also. 
Some examples of synthetic nitrification inhibitors are 
2-chloro-6 (trichloromethyl) pyridine (nitrapyrin or N-
serve), DMPP (3, 4-dimethylpyrazole phosphate), 
Dicyandiamide (DCD), sulfathiazole, 2-amino-4-chloro-6-
methyl pyrimidine, 2-mercaptobenzothiazole, thiourea, 
etc. but only a few of them have been thoroughly 
evaluated under field conditions eg. Nitrapyrin, DCD 
and DMPP[24, 25, 26, 27, 16]. But use of synthetic nitrification 
inhibitor is not successful to much extent. They are 
expensive for broadscale application, effects are not 
long-term, availability is a constraint, unstable, as 
nitrapyrin hydrolyzed into 6-choloropiconilic acid and 
lost by volatilization[28, 29]. The ill-effects of nitrapyrin on 
plants was reported as leaf chlorosis in cow peas, and 
interveinal chlorosis in chick peas[30]. Reports suggests 
that as soil temperature increases half-life of DCD 
decreases[31]. Moreover there is rarely any report on 
the long-term impacts of synthetic nitrification 
inhibitors on non-target flora and fauna, microbial 
diversity, soil microbial community composition.  

 
Urease inhibitors are the chemical compounds that 

reduce the rate at which urea hydrolyzed and 
converted to NH4

+ by inhibiting the activity of urease 
enzyme responsible for the hydrolysis of urea [17]. 
Volatile losses of NH3 which occur primarily at the soil 
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surface can be reduced by reducing the rate of urea 
hydrolysis. Examples are hydroxyurea, hydroquinone, 
thiourea, nBTPT (N-(n-butyl) thiophosphoric triamide; 
trade name Agrotain), PPD 
(phenylphosphorodiamidate). A number of chemical 
compounds have been tested as urease inhibitor but 
their toxic effects were poorly documented [32,33,34]. 
Also, like synthetic nitrification inhibitors, synthetic 
urease inhibitors are also not cost-effective for large-
scale applications and also do not remain stable eg. 
PPD is effective but known to decompose rapidly[33]. 
We need to make sure that unsystematic continued use 
of these chemicals will have no adverse effects on soil 
and water quality and human and animal health in long-
term. High costs of synthetic compounds as 
nitrification inhibitors/ urease inhibitors and urge to 
minimize the use of chemicals in agriculture system has 
prompted scientists to find out /identify the alternative 
options. Numerous earlier investigations pointed out 
that some of the substances produced by higher plants 
are antagonistic to soil bacteria. In the same direction 
work was oriented towards the substances /inhibitors 
for nitrifying bacteria. These findings have become 
landmarks for today’s research in the area of 
nitrification/ urease inhibitors. Initial research was 
solely based on natural resources for nitrification 
inhibitors, i.e., exploration of plant resources having 
the potentiality to inhibit nitrification.  

 
        Earlier workers hypothesized that grasses excrete 
bacteriostatic substances[35,36]. Stiven[37] has given an 
experimental proof that roots of Trachypogon 

plumorus a climax grass sp. on the Transvaal Highveld 
contain a water-soluble substance which is 
bacteriostatic for some bacteria. Roux[38], showed 
nitrogen sensitivity of some grasses, whereas Rice[39] 
focused on to seed plants for their inhibitory activity on 
nitrifers and Munro[40] moved forward used grass root 
extracts and analyzed its effect on nitrifers. Since then 
many plants have been listed as having potential for 
nitrification inhibition activity, such as Pongamia 

glabra[41], Azadirachta indica[41,42] , Mentha spicata[43] and 
Artemisia annua [44,43], etc., (Table 2). The work of Patra 

et al. [59] centered their study on assessing the activity 
of essential oils present in plants. Similarly, the litter of 
trees like, Mahogany, Teak, Jackfruit, Mango, and 
Breadfruit has potential for inhibiting nitrification 
process due to their tannin content, which has been 
shown to increase nitrogen fertilizer efficiency for 
soybean[60]. In this direction, the natural potential of 
plants is exploited to inhibit nitrification or urease 
activity by some workers. Merits of natural nitrification 
inhibitors/urease inhibitors are presented in table 3. 
 
 
 
 

Table.2: Plant parts/products as natural nitrification 
inhibitors. 

Plant Common name Plant part/ products References 

Abies balsamea Balsam fir 
Foliar leachates, 
leaf extracts, bud 
extracts 

 [45] 

Anacardium 

occidentale 
Cashew 

Cashew shell 
powder 

[46] 

Artemisia annua 
Linn. 

Sweet 
Wormwood 

Leaves [44] 

Azadirachta indica Neem 
Seed kernel 
powder, seed cake, 
leaves, seed oil 

[47, 48, 49, 
42] 

Bassia latifolia or 

Madhuca indica 
Mahua Seed cake, seed oil [50, 48, 51]  

Camellia sinensis  Tea Tea fluff 
[52] 
 

Chrysanthemum 

cinerariaefolium 
Pyrethrum Flower dust [53] 

Citrullus colocynthis 

(Linn.) Schrad.  
Bitter apple Seed cake [54] 

Curcuma longa Turmeric Turmeric Powder [46] 

Jatropha curcus 
Ratanjot/ Physic-
nut/ Purgingnut 

Seed oil [48] 

Linum usitatisimum Linseed/Flax Seed oil [55] 

Liriodendron 

tulipifera 
Tulip tree Leaf leachates [56] 

Mentha arvensis L. Mint 
Distillation waste 
(mentha-spent) 

[53] 

Mentha spicata Linn. Spearmint 
Dried plant material 
(Spearmint oil) 

[43] 

Pongamia pinnata Karanja Seed, bark, leaves [57, 58]  

Populus balsamifera Balsam poplar 
Foliar leachates, 
leaf extracts, bud 
extracts 

[45] 

Quercus rubra Red Oak Leaf leachates [56] 
Ricinus communis Castor Seed oil [48] 

 
Table.3: Natural vs Synthetic nitrification inhibitors/ 
urease inhibitors. 

Parameters Natural Synthetic 

CostC Cost-effective Expensive 
Availability No problem Not frequently available 
Effect Long-term Short-term/ less effective 
Performance  Consistent Non-consistent 
Stability Stable Unstable 
Side-
effects/Biosafety 

None Thorough research required 

Regulatory 
control 

Not of much 
significance  

No regulatory controls on its use 
in agriculture 

Government input 
 

Lack of 
Government push 

Lack of  Government push and 
absence of any usage legislation 
as yet 

Benefit to cost 
ratio 

High Low 

Ecological impact Biodegradable Largely non-biodegradable 

 
Scope for improvement: 

Efficient natural nitrification inhibitors can be 
produced, if focus of research shifts towards the 
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manipulation of their active ingredients. Active 
principles present in various parts of plants are 
responsible for nitrification inhibitory properties, which 
vary from genotype to genotype especially in case of 
heterozygous plants/ trees. For example, in case of 
neem, active ingredients (meliacins) present in most of 
its parts are reported to be responsible for nitrification 
inhibition[47,43], these active ingredients vary from plant 
to plant because of high heterozygosity of neem. To 
get the maximum benefit in such case, mass 
propagation of elite tree can be done by in vitro cloning 
methods[61], which can yield progenies with almost 
same level of active ingredients. Pertaining to 
genotypic variation, extent of variation between 
different genotypes of Oryza sativa for nitrification 
inhibition activity in their root exudates has been 
reported[62]. Also, genotypic differences in nitrification 
inhibition for sorghum root exudates and tissue 
extracts has earlier been seen[63] . Genetic 
interventions for improving the nitrification inhibition 
capacity of plant products used as supplements 
appears possible and also shows promise of reducing 
nitrogen loss from the soil. Selection of better 
performing genotypes, testing of large number of local 
plants (plant exploration studies) and manipulation of 
the existing germplasm for better retention of N in the 
soil appears to be a must for improving the fertility of 
the soil. Genetic strategies, like, selection and 
intermating, hybridization between appropriate 
varieties, induced mutation and careful evaluation of 
the variability generated can lead to the production of 
varieties with high levels of nitrification inhibition 
activity. Identification of genes imparting nitrification 
inhibition ability and their judicious incorporation in 
otherwise elite germplasm can help in making superior 
natural supplements of fertilizers. 
Therefore, potential plant exploration should be 
followed by its genotypic selection and genetic 
improvement. Further, aspects to be focused upon are 
identification and enhancement of active principles 
responsible for nitrification inhibition activity for their 
commercial exploitation. The biological nitrification 
inhibition (BNI) ability of the roots of various plants 
seems to depend on the wide range of biomolecules, 
like, phenolics, alkaloids, etc. that are released in the 
rhizosphere[64]. Hairy root cultures and callus cultures 
may be used to enhance the level of valuable 
biomolecules and further their up scaling can be done 
in bioreactors. These are some of the neglected 
aspects of plant based nitrification inhibitors which 
seek attention. 
 
Future prospects: 

An integrated approach is warranted to deal with 
the issue of nitrogen losses from soil. First and 
foremost need is to explore more and more plants with 
nitrification and /urease inhibition ability/ activity, as 
has been done in case of Brachiaria humidicola. This 

should then be followed by their improvement at 
genetic level, biochemical level and finally working on 
an effective market product as an outcome. Since 
farmers have to bear the cost of everything right from 
seed to fertilizer, pesticides etc. therefore, best quality, 
cheaper product as nitrification and/ urease inhibitors 
which is at the same time eco-friendly are to be 
provided and recommended to the farmers. Best 
management practices are to be developed not only 
centralizing higher yields but also other related facts as 
nutrient use efficiency, environmental conditions and 
farmers’ interest.  
 

CONCLUSIONS 
High N input from artificial source (N fertilizers), 

moving away from multiple cropping system in modern 
agricultural practice are chiefly responsible for N losses 
and environmental pollution. Our approach should be 
to increase the yields by using best management 
practices and improving nutrient use efficiency rather 
than through applications of higher fertilizer. 
Conventional (multiple cropping, crop rotation, use of 
animal manure etc.) and non-conventional approaches 
(use of N fertilizers and their modified forms, 
nitrification inhibitors and urease inhibitors) go hand in 
hand and minimize the indiscriminate use of N 
fertilizers as far as far possible, as their excessive use is 
not environment friendly and require lot of energy for 
their production. Natural/ plant-based nitrification 
inhibitors will go a long way as far as increase in yield, 
economic-viability and safety of environment is 
concerned and to achieve this we need to tap the 
diverse treasure of potential plants. The remedy not 
only lies in scientific solutions but along with that 
government push and implementation of regulatory 
measures are also required, so that whatever research 
is done at laboratory level should ultimately reach the 
farmer.  
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