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Abstract: Agriculture is both affected by climate change but also contributes to it. As a 

sector, agriculture must therefore both adapt to changes and offers options for mitigation 

ie reducing greenhouse gas emissions and store carbon. The objective of the study is to 

explore the optimum level of plant nutrient for sustaining the desired crop productivity in 

hybrid cotton through optimization of benefit from all possible resources of plant 

nutrients in an integrated manner and to mitigate the green house gas emission through 

the adoption of Integrated Plant Nutrition System. The experiment was carried out in 

three locations with different soil fertility status with special emphasis to nitrogen levels 

in the soils. The fertilizer doses were fixed based on the soil test values and fertility 

grouping / indexing by International soil fertility evaluation and improvement 

programme. As part of organics, FYM was applied at two different levels, and the 

fertilizers were reduced accordingly. The results proved that application of organic 

manure @ 12.5 t ha-1 along with the recommended doses of nutrients proved superior in 

seed cotton production as well reduced nitrous oxide emissions.  
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Introduction  

 
 India‟s economic security continues to be predicted upon the agricultural sector. 

The share of agriculture in GDP increased to 20.2 per cent in 2020-21 from 17.8 per 

cent in 2019-20. [1]. However, the natural resource base of agriculture, which provides 

for sustainable production is shrinking, degrading, and is adversely affecting the 

production capacity of the ecosystem. On the other hand, the demand for agriculture is 
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rising rapidly with increase in population, per capita income and the growing demand from 

industry sector. The Indian textile industry is tilted more towards environment friendly and 

biodegradable natural fibres of which cotton holds a high share of 60 per cent to the fibre 

basket. Natural fibres play a key role in the emerging “green” economy based on energy 

efficiency, reducing carbon emissions and recyclable waste materials.  

 Global surface air temperature is expected to increase the tune of 1.8–4.0 °C in 

the next few years resulting in severe yield reductions throughout the world [2].  One 

of the causative parameters of human-induced climate change is the emission of 

greenhouse gases (GHGs). About 10% – 14% of global GHG emissions is brought 

about by agriculture related activities [3][4], mostly from methane as a result of enteric 

fermentation, nitrous oxide, due to the application of synthetic fertilizers and carbon 

dioxide emitted during tillage operations [5]. As far as agriculture is concerned, the 

mineral fertilizers serve as a major source for the emission of greenhouse gases [6]. 

Research studies show that a reduction of methane emissions from agriculture up to 

48% until 2030 as relative to 2010 [7] and a reduction of nitrous oxide emissions by 

26% are highly essential to limit the global warming to 1.5◦C.  

 Cotton lint is an important textile fibre that comprises about 35 per cent of total 

world fibre use [8]. Cotton is grown in over 80 countries with China, India and the 

United States producing about two-thirds of total world output [9]. India has the largest 

area (12.18 million hectares) under cotton production. However, it stands second in 

production (25.5 million pound bales) next to China [9]. The potential productivity of 

the crop has not been fully exploited and needs important technological interventions 

for increasing the productivity of cotton.   

 Though, the fertilizer consumption in India has increased significantly in the last 

three decades, the lower per hectare NPK fertilizer consumption and imbalanced 

consumption ratio (6.7:3.1:1) in 2011-12 [10] against an optimum ratio of 4:2:1 leads 

to widespread negative nutrient balances in most Indian soils. This condition not only 

mirrors poor soil health, but also represents the severe on-going depletion of the soil‟s 

nutrient capital, degradation of the environment, and vulnerability of the crop production 

system in terms of its ability to sustain high yields [11]. Across cotton growing regions, 

nutrient balance is negative except for P [12]. The cotton plant is a heavy feeder and the 

nutrient management is complex due to the simultaneous production of vegetative and 

reproductive structures during the active growth phase.  

 Global nitrogen fertilizer consumption (produced by fossil energy) in 2005 was 

90.86 million tonnes [13]. It takes approximately 90 million tonnes of fossil fuel (diesel 

equivalents) to produce this nitrogen fertilizer. This is about 1% of global fossil energy 

consumption. Modern industry uses 28 MJ / kg of ammonia under optimum conditions, 

but older technology may still use higher amounts of energy for fertilizer production 

[14]. The best technology available currently uses 0.76 litres of diesel equivalents, 

older technology between 1 and 1.5 litres to produce one kg of nitrogen fertilizer. 

 Nitrogen efficiency acts as a key factor for the reduction of greenhouse gases. 

Greenhouse gas emissions at farm level may be related either to the farm‟s nitrogen 

surplus or to the farm‟s nitrogen efficiency, as demonstrated by a scientific model of 

greenhouse gas emissions from European conventional and organic dairy farms [15]. 

Farm nitrogen surplus can therefore be a good proxy for greenhouse gas emissions per 

unit of land. Since organic crop systems are limited by the availability of nitrogen, they 

aim to balance their nitrogen inputs and outputs and their nitrogen efficiency. Their 

greenhouse gas emissions are thus lower than those of conventional farming systems.  

 Integrated Plant Nutrition System is a holistic approach to plant nutrition by 

obtaining the nutrients from both inorganic and organic sources to maintain and sustain 

soil fertility and enhance crop productivity in a framework of an ecologically compatible, 
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socially acceptable and economically viable situation. Organic manures sustain soil 

fertility at a low level of production. Chemical fertilizers have concentrated forms of 

nutrients. Application results in leaching, fixation and build-up of certain nutrients at the 

expense of others, resulting in nutrient imbalances. Fertilizer use efficiency (FUE) is low 

in all chemical fertilizers and organic manure when used singularly. Combined use of 

organic manures and chemical fertilizers increases Fertilizer Use Efficiency. 

 To sustain crop yields, the rate of removal has to be balanced by added amounts. 

Use of chemical fertilizers is necessary for supplying the nutrient requirement but without 

recycling of crop residues, yields will suffer. If only organic manure is used land will 

benefit but yield will be lower. Availability of nutrients from organic manure is slow but 

long lasting. Use of organic manure improves the physical, chemical and biological 

conditions of the soil. 

On account of the above facts, the present investigation was contemplated on hybrid cotton 

RCH530 on Periyanaickenpalayam soil series adopting Integrated Plant Nutrition System 

approach. 

 

Materials and methods 

 
 The trial was laid out in Randomized Block Design with three replications, 

comprising of nine treatments based on the soil test values and fertilizer recommendation 

based on fertility grouping / indexing by International soil fertility evaluation and 

improvement programme [16] wherein the soils were grouped into low-medium-high 

categories. Arbitrarily, the recommended dose of fertilizer was increased by 25% in low 

status and reduced by 25 % in high status. The sources of nutrients used for fertigation 

were urea, single super phosphate and muriate of potash. Under IPNS treatments, FYM 

with 32 per cent moisture and 0.64, 0.31 & 0.61 percent of N, P and K respectively was 

applied @ 6.25 t ha-1 and 12.5 tha-1. Correspondingly, the nutrient doses were reduced by 

20, 10 and 17 kg of N, P2O5 and K2O respectively when FYM was applied @ 6.25 t ha-1 

and by 40, 20 and 34 kg of N, P2O5 and K2O respectively when FYM was applied @ 12.5 

t ha-1 [17]. The soil available nutrient content and the doses of nutrients (fertilizers and 

organic manures) applied are provided in the Table 1. 

All the agronomic practices were carried out periodically and the crop was grown to 

maturity. At harvest the seed cotton yield was recorded plot wise. The seed cotton, plant 

and post- harvest soils samples were collected from each plot and were processed for 

further analysis such as nutrient uptake pertaining to nitrogen, phosphorus and potassium. 

A fixed factor of 1.6% of the applied N is used to calculate N2O emissions, from soils 

after application of fertilizer (in million tons CO2 equivalent) [18].  

 

Results and discussion 

 
 In the first situation where the soil nutrient status is low for nitrogen, medium for 

phosphorus and high for potassium (213:16:550 kg ha-1), the fertilizer doses applied were 

150:75:75 kg of  N: P2O5: K2O. Due to the addition of Farm Yard Manure @ 6.25 and 

12.5 t ha-1, the fertiliser doses were reduced by 20:10:17 kg ha-1 for N: P2O5: K2O 

respectively. In a similar manner, the fertilizers were applied in the other two locations 

with different soil test values. 

 In all the locations, the seed cotton yield obtained was the highest in the treatment 

with FYM @12.5 t ha-1. This was closely followed by the treatments where FYM were 

applied at the rate of 6.25 t ha-1. 
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Table 1. Pre-sowing soil available nutrient content, doses of nutrients applied, seed 

cotton yield and nitrous oxide emission (million tons CO2 equivalent). 

Soil 

available 

nutrient (kg 

ha-1) 

Nutrients applied 
Fertilizers 

applied 

Seed 

cotton 

yield 

(kg ha-

1) 

N2O 

emission 

(million 

tons CO2 

equivt.) 

Nutrient uptake (kg 

ha-1) 

N: P2O5: 

K2O 

FYM 

(tha-1) 

Urea:SSP:M

oP N P K 

213:16:550 

(site-1) 

150:75:75 0 326:469:125 3264 240 133.1 31.3 125.1 

 6.5 306:459:108 3332 208 144.3 33.2 129.2 

 12.5 286:449:91 3373 176 151.8 41.7 137.6 

291:31:590 

(site-2) 

120:60:60 0 260:375:100 3028 192 133.2 29.4 121.9 

 6.5 240:365:83 3166 160 134.1 31.6 126.6 

 12.5 220:355:66 3405 128 152.8 47.6 140.1 

467:32:584 

(site-3) 

90:45:45 0 195:281:75 3247 144 149.7 34.0 129.8 

 6.5 175:271:58 3379 112 151.4 37.1 136.8 

 12.5 155:261:50* 3401 96 152.6 46.5 139.6 

*Maintenance dose (50 per cent of the blanket dose for hybrids). 

 

  

 Though there was marked response to the application of NPK fertilizers, the 

magnitude of response was higher under IPNS as compared to NPK alone [19] [20] recorded 

a significant response to the application of NPK fertilizers along with FYM for cotton. 

The role of FYM is multidimensional ranging from building up of organic matter, 

maintaining favourable soil physical properties and balanced supply of nutrients. Further, 

FYM acts directly by increasing the crop yield either by accelerating the respiratory 

process through cell permeability or by hormone growth action. In the present 

investigation also, these factors might have contributed for the yield enhancement in 

cotton when NPK fertilisers are coupled with FYM. 

 The results pertaining to the beneficial aspects of reduction in nitrous oxide emissions 

due to the adoption of IPNS is clearly recorded in the present investigation. The nitrous oxide 

emission is the highest (240 million tons CO2 equivalent) in the case where the application 

of the fertilizer was the maximum. As the fertilizer nitrogen application reduces, the 

nitrous oxide emission also reduces. Nitrogen efficiency as a key factor for the reduction 

of greenhouse gases Greenhouse gas emissions at farm level may be related either to the 

farm‟s nitrogen surplus or to the farm‟s nitrogen efficiency, as demonstrated by a 

scientific model of greenhouse gas emissions from European conventional and organic 

dairy farms [15]. Farm nitrogen surplus can therefore be a good proxy for greenhouse gas 

emissions per unit of land. Since organic crop systems are limited by the availability of 

nitrogen, they aim to balance their nitrogen inputs and outputs and their nitrogen 

efficiency. Their greenhouse gas emissions are thus lower than those of conventional 

farming systems. 

IPNS encompasses enhancement of crop and soil productivity through a balanced use of 

mineral fertilizers combined with organic and biological sources of plant nutrients to 

ensure sustainability of the production systems, improves the capital stock of plant 

nutrients in the soil and the efficiency of plant nutrients use, limiting the losses of N and P 

to the environment and thus promoting environmental security. Balanced fertilisation 

must be based on the concept of IPNS for a cropping system as this is the only viable 

strategy advocating accelerated and enhanced use of fertilisers with matching adoptions of 

organic manures and biofertilisers so that productivity is maintained for a sustainable 

agriculture. The balance has to be made in the soil-crop system over time and has to take 

care of all other factors of production and make allowances for residual effects of past 

fertiliser applications, biological N fixation, etc., and to ensure that there is no toxicity or 
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deficiency of any element. The above concept of balanced fertilization is almost 

synonymous with that of IPNS [21].  

 In Integrated Plant Nutrition System, the reduction of mineral nitrogen 

considerably reduce the concentration of easily available mineral nitrogen in soils and 

thus N2O emissions. Addition of organic matter, increases the aeration in the soil and have 

significantly lower mobile nitrogen concentrations. Both factors reduce emissions of 

nitrous oxides. In a long-term study in southern Germany, Flessa et al. (2002) also found 

reduced nitrous oxide emission rates in the organic farm, although yield-related emissions 

were not reduced [22]. 

 Soils managed with IPNS, are better adapted to weather extremes. Farming 

practices such as organic agriculture that preserve soil fertility and maintain or even 

increase organic matter in soils are in a good position to maintain productivity in the event 

of drought, irregular rainfall events with floods, and rising temperatures. They retain 

significantly more rain water due to the „sponge properties‟ of organic matter. These 

„sponge properties‟ were described for heavy loamy soils in a temperate climate in 

Switzerland where soil structure stability was 20–40% higher in organically managed 

soils than in conventional soils [23]. 

 Thus the efficient use of applied nutrients was exhibited spectacularly under IPNS 

over NPK alone irrespective of the initial nutrient status of the soil. The saving of 

inorganic fertilisers for cotton with the application of FYM improves the economy of the 

farmers.  
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