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Abstract: 

India is an agriculture-based economy. A large share of the land is used for agriculture, 

and in its different agroecological regions a wide variety of crops are cultivated. India is 
among major crop producing countries and harvesting of several crops leads in generation 

of large amount of crop residues in On and Off farm. According to estimates by the Ministry 

of New and Renewable Energy, about 500 million tons of residue from crops are generated 

annually. As a result of the rapid transition from traditional agriculture to high input 
intensive modern farming methods, crop residue production is often increased. In India 

Rice-wheat system is a major dominating cropping system of India. The irrigated rice-wheat 

system produces a lot of crop wastes because of its high yields. Burning rice straw results 
in significant air pollution and nutrient loss in northwestern India, both of which are 

harmful to human health and contributing to climate change. In order to prevent straw 

burning, innovations in agricultural residue management should enable farmers to reduce 
risk associated with climate change, lower nutrient and water inputs, and achieve 

sustainable productivity. Significant amounts of plant nutrients are present in crop wastes, 

and their careful application will improve crop production's nutrient management. This 

chapter advances knowledge of crop residue management by using a multidisciplinary 
approach. It also offers suggestions for enhancing agricultural sustainability in light of 

changing social and environmental trends. 
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13.1 Introduction: 

Crop residues are those material which are left over in the field after harvesting of the crops 
and are not economically important plant parts. The harvest which are refuses from the field 

include straws, stubbles, stovers and haulm of different crops. The residue of the crop shall 

also be from the crushing shed or from the discarding of the crop during the processing of 
the crop. It includes the waste of processes such as groundnuts shells, different oil producing 
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oil seed cake, rice husks, wheat straw and cobs of maize or sorghum. India is a farm-based 
economy, estimated at around 500-550 million tons of crop residue On and Off the land in 

addition to 110 million tons of wheat, 122 mt of rice, 71 mt of maize, 26 mt of bajra, 141 

mt of cane, 8 mt of sugarcane fibers, Jute Mesta and Cotton and 28 mt of pulse.  

These residues earlier used to be considered waste, but having better knowledge, research 
and further study it has become evident that these are an essential natural resource rather 

than a waste. In order to convert surplus agricultural waste into usable materials, the 

recycling of crop residues could be used. These items may contribute to nutrient absorption, 
soil fertility improvement and ecological balance which is beneficial for the production of 

crops. Many farmers are utilizing wheat straw for providing feed for animal, but using rice 

straw is still a problem because of rice contains high silica, which makes it unfit and poor 

for animal consumption and due to unavailability of fodder for animal the number of 
animals in rural areas is decreasing. The combine harvester machine left a lot of residues of 

loose paddy that create interferes with the sowing of wheat with drills. Burning of Paddy 

straw as In-situ burning is a widespread management method in North India. Farmers are 
using crop residue burning to overcome this problem, which wastes a great deal of biomass 

and contaminates the soil.  

In addition to nutrient loss, in-situ crop residue burning in the field affects a variety of soil 

characteristics, including pH, soil temperature, soil moisture, soil organic matter content, 

and available phosphorus. Burning rice straw is a fast and low-cost way for farmers to 
prepare their fields for wheat planting. It is estimated that 16 Mt of rice stubble will burn in 

Punjab each year in a few short weeks. According to findings from Gadde et al., (2009) 

show that 0.05% of India's total greenhouse gas emissions came from burning rice straw. 
Significant amounts of biomass, or organic carbon and plant nutrients, were lost as a result, 

and the chemical, biological, and physical characteristics of the soil as well as the flora and 

fauna that live there were negatively impacted.  

A range of agro-based applications and other industrial processes can both benefit from the 

usage of agricultural waste. The organic nature of crop leftovers makes them a valuable 
component of agricultural waste that can be utilized for the good of society. With the 

utilization of crop leftover residue management techniques, residues are used to manage 

soil in a number of ways, such as breaking down the residues, lowering soil erosion, 
recycling nutrients and making them available to plants, managing weeds and pests, and 

increasing crop yields through the use of various tillage related conservation techniques. 

Crop residue also helps in promoting soil organic matter which requires incorporation of 
crop residues for improved Carbon sequestration, applying crop residues in the right 

amounts and locations, and using Nitrogen fertilizer as efficiently helps in managing the 

residues (Lal 2005). This chapter will discuss the key and major difficulties with crop 

residue management, detailed exploration of crop residue management, alternate 
applications, and mechanized residue management options for reducing crop residue 

burning.  

13.1.1 Crop Residue Burning and Effects: 

Crop residue such as paddy straw /stubbles, Stover’s of maize, wheat straw, mustard 

stubbles, pulse stubbles, groundnut shells etc. are burnt openly in the field by farmer to 
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dispose them from the field. The reason for burning a lot of agricultural residues and paddy 
straw in Punjab, Haryana, western Uttar Pradesh, and neighboring states is to provide room 

for the next crop to be sown after the previous crop is harvested. Because it's a quick and 

simple way to get rid of it, paddy straw is burned in the field. The paradoxical coexistence 
of crop residue burning and fodder scarcity in this nation has resulted in a notable spike in 

fodder prices in recent years. The following adverse effect of burning crop residues are: 

A. Adverse Effect on Air Quality: 

Crop residue burning emits harmful gases such as CH4, CO, N2O, and NOx, as well as 

particulates, non-methane hydrocarbons, volatile organic compounds, and semi-volatile 
organic compounds (Mittal et al., 2009; Zhang et al., 2011). A tons of rice straw burned 

releases 2 kilogram of Sulphur dioxide, 199 kg of ash, 60 kg of CO, 3 kg of particulate 

matter, and 1460 kg of CO2. It also generates a significant number of particles, which are 

made up of both organic and inorganic species.  Paddy straw contains roughly 70%, 7%, 
and 0.66% carbon that is released as carbon dioxide, carbon monoxide, and methane 

respectively, however, 2.09% of the N in straw as nitrous dioxide is released after 

incineration (Hays et al., 2005). 

B. Adverse Effect on Soil Health and Fertility: 

Burning paddy straw releases heat that rises the soil's temperature from 33.8 to 42.2 ºC to a 
depth of one centimeter (Gupta et al., 2004). Due to increase in temperature the bacterial 

and fungal populations that are essential to healthy soil are destroyed in this way. Burning 

of crop leftover and residue in the field damages the organic matter in the uppermost layer 
of the earth as well as other microorganisms. Crops are become increasingly susceptible to 

illness as a result of the growing wrath of "enemy" pests, which is a result of the loss of 

farmer-friendly pests. There has also been an overall reduction in the top soil layers' capacity 
to breakdown materials (Kumar et al., 2015). According to estimates, burning one tons of 

rice straw results in the loss of 1.2 kg S, 25 kg of K, 2.3 kg of P, and 5.5 kg of N in addition 

to organic carbon. In general terms, crop leftovers from various crops comprise 80% N, 

25% P, 50% S, and 20% K. If crop residue is integrated or kept in the soil, it becomes 

enriched, notably in organic carbon and Nitrogen. 

C. Adverse Effect on Human and Animal Health: 

Crop residue burning adds to the emissions of air pollutants that could have a serious 

negative impact on human health, including exacerbation of lung and chronic heart disease, 

as well as respiratory issues like coughing and asthma that are especially harmful to 

children, the elderly, and expectant mothers (Pathak et al., 2010).  

Animal health suffered as well by inhaling fine particulate matter (FPM). It resulted in 

inflammation of the cornea, transient blindness, and chronic bronchitis that resembled 

asthma. Burning of residues kills the pests and organisms that farmers' friends have, such 
as bacteria, earthworms, and others pests. Because to this behaviour, bird nests are also 

broken. One of the main reasons for the extinction of vultures, eagles, and sparrows is 

stubble burning (Kumar et al., 2015). 
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13.2 Crop Residue Management Options: 

There are two categories of crop residue management options: in-situ and ex-situ. Farmers 

have a number of choices for managing agricultural residues, some of which are covered 

below. Every managerial decision must be weighed in terms of pros and cons. 

13.2.1 In-Situ Management: 

The possible methods for managing crop residues in-situ are either utilizing consortia of 
microbes to break down the residues or retaining, integrating, or mulching them in the field. 

They are discussed as: 

A. Livestock Feed: 

In India, crop waste has long been used as animal feed, either on their own or in combination 

with other ingredients. Global population growth has resulted in a greater area being used 
for grain production, which has constrained the amount of land that can be used to produce 

fodder. Because agricultural residue includes important nutrients, it can therefore be an 

important source of feed for cattle. The main issue farmers have with managing their feed 
can be somewhat alleviated if field-grown agricultural leftovers are sent to the dairy 

business to feed animals. Enhancing the feed efficiency of dairy cattle using crop leftovers 

can boost farm profitability while lowering pollution levels in the environment. 

However, crop leftovers cannot provide livestock with their whole diet because they are 

unpleasant and poorly digestible. Crop residues consist of low-density fiber components 
that are low in lignin, which acts as a physical barrier and obstructs the process of microbial 

decomposition. They are also low in nitrogen, soluble carbohydrates, minerals, and 

vitamins. The wastes must be processed, enhanced with urea and molasses, and 
supplemented with green fodders (leguminous and non-leguminous) and straw made from 

legumes (sunhemp, horse gram, cowpea, and gram) in order to meet the nutritional needs 

of the animals. 

B. Compost Making: 

Composting has long been accomplished using crop leftovers. Crop leftovers are piled in 
dung pits and utilized as animal bedding for this purpose. Crop leftovers that have collected 

in various places are to be carried to the compost yard and stacked in a corner for additional 

processing in order to make compost. It is advisable to shred all crop residues used for 
composting after accumulation, which is easily accomplished with a shredder machine. A 

maximum particle size of 2 to 2.5 cm is advised for expedited composting. Narrow C: N 

ratio helps in composting easily and it can be done by adding carbon and nitrogen rich 

material should be mixed together. Green residue materials like glyricidia leaves, 
parthenium plants and leaves, freshly harvested weeds, sesbania leaves are rich in nitrogen, 

whereas brown colored waste material like straw, coir dust, dried leaves and dried grasses 

are rich in carbon. Litter and waste from animals are also excellent sources of nitrogen. To 
speed up the composting process, alternate layers of carbon-rich material, animal 

excrement, and nitrogen-rich material should be heaped together. 



Climate Change and Agriculture- Its Impact and Mitigation Potential 

148 

 

Utilizing crop leftovers that are readily available on the farm to create high-quality compost 
contains both microorganisms and nutrients. Because bio-compost is regularly added, the 

physical, chemical, and biological qualities of the soil will all be improved. By increasing 

the amount of organic matter in the soil, composting contributes to the preservation of soil 

fertility and improves soil biodiversity. 

C. Retaining, Incorporating or Mulching the Crop Residues in The Field: 

Crop residue mulching lowers soil heat during summer owing to shade impact and raises 

soil temperature the least in the winter via decreasing soil heat flow. In soil by adding bases 

like hydroxyls during the breakdown of crop residues with higher C: N, crop residues 

significantly improve soil acidity.  

Conversely, applying residues from lower C: N crops, such as legumes, oilseeds, and pulses, 

increases soil alkalinity (Pathak et al., 2011). According to Jain et al., (2007), crop residue 

also aids in the soil’s ability to sequester carbon. Crop residues have a broad C: N ratio of 

70:1 to 100:1, especially those from wheat and rice crops. Crop residues supplemented with 
around 30–40% of the Carbon decomposes in about two months (Beri et al., 1992). 

Retaining crop residues on the soil surface has several advantages, including: 

• The growth of weed is decreased. 

• The cost of using weedicides is decreased. 

• It improves properties of soils viz. physical, chemical, and biological. 

• It helps in recycling of Plant nutrient. 

• It also helps in overcome and reduced fertilizer uses for next crops. 

• Increased cation exchange capacity (CEC). 

13.2.2 Ex-Situ Management: 

Crop residue ex-situ management refers to the removal of crop residue from the field for 

use as a source of fuel, fodder. ex-situ management methods can help reduce air pollution 

caused by burning crop residues and help in harnessing the energy requirement for the 

future. Here are some commonly used ex-situ crop residue management methods: 

A. Biofuel and Bio Oil Production: 

The past few decades have seen an astounding amount of research on renewable sources of 

liquid fuels to replace fossil fuels due to rising concentrations of greenhouse gases, fuel 

costs, and environmental concerns. Fossil fuel combustion, including the burning of coal 

and oil, releases carbon dioxide into the atmosphere, a major cause of global warming. 

 Biofuels made from lignocellulose materials like wood and agricultural waste (such as corn 

stover, sugarcane bagasse, and wheat straw) can be a useful addition to or replacement for 

gasoline. The process of turning ligno-cellulosic biomass into alcohol is crucial because 
ethanol can be used straight in internal combustion engines or combined with gasoline to 

improve its octane and extend its fuel life.  
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Bio-oil can be developed from agricultural residue using the fast pyrolysis process, which 
requires raising the temperature of the biomass to 400-500°C in a few seconds, resulting in 

a significant change in the thermal disintegration process. Approximately 75% of the dry 

weight of biomass is transformed into vapors that condense. The condensate produces a 
dark brown, viscous liquid known as "bio-oil" if it is rapidly cooled in a matter of seconds. 

Bio-oil has a calorific value of 16–20 MJ kg-1. 

Cellulose, hemicellulose, lignin, and pectin make up around 90% of the dry weight of most 

plant materials. Ethanol derived from biomass resources and cellulosic ethanol have been 

shown to have the capacity to reduce greenhouse gas emissions by 86%. 

Bio oils and Bio Fuels are the potential solution for enhancing energy security and lowering 
greenhouse gas emissions is the conversion of plentiful lignocellulose biomass to biofuels 

for use as transportation fuels (Yat et al., 2008; Wyman, 1999; Wang et al., 2007). 

B. Briquetting: 

Briquetting technique can be used to manage various loose agricultural leftovers by turning 

them into solid biofuels that have been densified (Werther et al., 2000). By tightly 
compacting the leftover crop debris, a technique known as briquetting makes it possible to 

substitute wood for fuel (Setter et al., 2020). It is simpler to transport, store, and use 

agricultural waste as biofuel when it is densified through briquetting.  

C. Bio char: 

Bio char It is a porous, finely grained product rich in carbon that is made by pyrolyzing 

solid biomass that has been heated to 350–500°C without the presence of oxygen (Sakhiya 

et al., 2020). It is a powdered, dark-colored product with a number of special qualities, 

including high porosity and a high cation exchange site, which improve soil conditions for 
bacteria and raise the soil carbon pool. It is mostly recognized for optimizing the soil's bulk 

density. Applying bio char to the soil enhances its overall qualities and increases soil fertility 

by acting as a soil amendment.  

According to Singh et al. (2012), bio char has the potential to be utilized as an input to 
enhance traditional agricultural output and reduce greenhouse gas emissions from 

agricultural soils due to its improved physical, chemical, and biological qualities. Because 

of this, scientists studying agriculture have become more interested in using bio char as a 

soil amendment and in creating it from bio-residues. Bio char can also be advantageous to 
the agriculture industry since it improves soil and aids in the removal of animal and crop 

waste. Numerous studies have suggested bio char as a potential solution for energy, carbon 

storage, and ecosystem function (Lori et al., 2013). 

D. Biomass Pellets: 

The biomass pellets are made up from crop residue at palletization plants using several 
specialized machines which make pellets. They are preferred in thermal power plants due 

to their small diameter and size, as well as their high binding strength. In addition, they burn 
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extremely easily with coal, which is a typical fuel in power plants. One common process 
for turning biomass into high-density, solid energy carriers is the creation of biomass pellets. 

Different types and grades of pellets are produced for use as fuel in homes, businesses, and 

electric power plants. A range of sizes and types of pellets producing equipment are 
available, enabling production at both home and industrial levels. Pellets are round, 

measuring between 6 and 25 mm in diameter and 3 and 50 mm in length. When compared 

to coal, biomass pellets emit 80% less CO2 and have lower amounts of sulfur, chlorine, and 

nitrogen during combustion. As much as 85% combustion efficiency can be achieved with 

biomass pellets when they are utilized in high-efficiency wood pellet burners and boilers. 

E. Production of Mushroom Crop: 

Generally, for production of mushroom farmers utilize wheat straw as a base material, 

however in Punjab, paddy straw is an essential component for usage as a raw matter for 

mushroom production (Chaudhary et al., 2009). Button mushroom production requires a 
few steps, including cleaning the straw, removing any leftover water, cutting the straw, and 

getting the bundles ready. According to recent research on paddy straw management (Roy 

et al., 2016), the projected cost of these activities was 11$ per quintal when wheat straw 
was utilized as the base material, as opposed to 7$ per quintal when paddy straw was used 

as the raw material. As a result, the growers of mushrooms benefit greatly from the usage 

of paddy straw, which generates net savings of $3.75 per quintal. Additionally, paddy straw 
can be utilized to make floor tiles, paper, pulp board, and cushioning material for packaged 

manufactured goods (Kumar et al., 2016). 

13.3 Mechanization in Crop Residue Management: 

The reduction in laborers and farm employees makes room for farmers to adopt 

mechanization in order to manage crop residues. Large quantity of farm residue 
management cannot be done easily based on labors, so to overcome this problem 

mechanization is necessary. Recent advanced farm machinery helps in mitigate to manage 

farm residue and helps in overcome the labour shortage. Resource conservation 

technologies (RCT’s) based farm implements proved to be helpful in better result in 
managing crop residues for rectifying soil health, production, productivity, overcoming 

pollution and maintaining sustainable agriculture (Jat et al., 2011). 

A. Happy Seeder: 

Happy Seeder is a machine-based implement that directly drills seed through the soil in 

absentia burning or cleaning crop debris from the previous harvest. Happy Seeder is a 
composite equipment that combines a sowing unit with a straw handling unit. In order to 

prepare the ground for the next crop to be sowed, this tractor-mounted tool chops and lifts 

straw. The raised straws are dispersed across the soil like mulch. With the happy seeder 
technique, sowing accounted for around 97 percent of the total energy input utilized for crop 

establishment, making it the primary energy source. Taking into account the happy seeder 

machine's 0.3 ha h−1 effective field capacity (EFC) and 30-day season of operation. In 
Northwest India region, the happy seeder machine technology marked a quantum leap for 

the paddy-wheat crop rotation. 
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B. Baler: 

Baler is a machine that facilitates ex-situ crop residue management has been in demand in 

Punjab, Haryana and adjacent regions. This machine makes bales with the residues into 

rectangular or round bales shapes. This helps in maintaining crop residue for applications 
such as animal feeding, fuel and fiber for paper and pulp manufacturing industries. 

Approximately 2,000 baler machines are in use in Punjab and have been for the past ten 

years. 1,268 of these are heavily subsidized (between 50 and 80 percent) by the Crop 

Residue Management (CRM) program of the Centre. In order to compress crop leftovers 
into compact, manageable bundles, balers function as hydraulic presses, which is a crucial 

part of stubble compression. Twine, wire, or strapping are used to firmly attach these 

compressed stubbles. Farmers use a tractor-mounted cutter to trim the crop residue prior to 
utilizing a baler machine. Using netting, a tractor-mounted baler machine compacts the 

stubble into little bales. By removing the need to burn crop residue, these bales assist to 

lessen air pollution and soil deterioration. Stubble is effectively compressed using balers, 

which facilitates handling, storing, and transportation. It enables farmers to plant the 
following crop and plough the field right away. It creates opportunities for making money 

by selling compressed stubble as a useful resource. 

C. Hay Rakes: 

The hay rake is an implement that precisely uses long arms in conjunction with a reduction 
gearbox to create the highest quality windrows with the least amount of pollution. The 

smoothly formed, fluffy windrows aid in the formation of compact bales. It functions well 

under practically all circumstances and is built with exceptional durability. Hay should be 

raked when it has between 35 and 45 percent moisture content. When straw is divided into 
windrows and bales are formed with a baler, a hay rake functions similarly to a baler. To 

sum up, burning crop residue has created a significant risk for both air pollution and climate 

change. More harmful and hazardous compounds are released into the air when crop residue 
is burned. Many greenhouse gases, including SO2 and NO2, as well as gases from 

carbonaceous materials are emitted. 

Therefore, it is important to superintend the crop residues in a sustainable manner. Rather 

of being burned, leftover material can be used and repurposed in a number of ways, 

including the growth of mushrooms, cow feed, and biofuel. Is in order to guarantee efficient 
residue management and avoid the detrimental consequences of agricultural residue 

burning, the annual number of residues grown out should be routinely observed. 

13.4 Residue Management Effects on Soil Dynamics and Crop Productivity: 

A. Effect On Rice-Wheat Productivity: 

The use of machinery during sowing has a considerable effect on the phenology, growth, 
and development of wheat. When it comes to comparing with wheat sown with help of a 

rotator and conventional tillage, wheat sown with using Happy seeder develops 5-7 days 

later (Singh et al., 2007). Because of the improved soil moisture regime that remained 
available for a longer duration of time with reduced evaporation, wheat sown with the 
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Happy Seeder took more time to mature while paddy straw was remain on the soil's surface. 
Half of heading will be late by six and ten days, respectively, if rice residues are retained at 

5–7.5 t ha−1 and 10–12.5 t ha−1 (Sidhu et al., 2017). Because crop leftover residue mulch act 

as a physical interruption on the surface of the soil, there is reduced weed dynamics due to 
enhanced and improved soil physical status, increased soil moisture regime, and enhanced 

nutritional availability status to the plants (Singh et al., 2013). Furthermore, to these 

advantages, zero tillage with residue retention produced higher rice and wheat yield 

parameters than conventional tillage, including the No. of spikes, length of spikes, and test 
weight (Khalid et al., 2014). When compared to traditional tillage methods, crop residue 

incorporation in Zero Tillage plots employing the Happy seeder implement enhanced wheat 

grain production by 4.60 to 9.30% (Zamir et al., 2010). Crop yields are raised due to the 
integration of rice residue, which also improves soil pulverization, nutrient availability, and 

enhanced organic matter content. 

B. Effect on Weed Dynamics: 

Conservation agriculture (CA) promotes the least amount of soil disturbance possible 

through ploughing, and crop diversity inhibits weed growth and properly handles leftovers. 
According to Nandan et al., 2020, a grand density of weed grasses and weed sedges at the 

start of the season and broad-leaved weeds emerges later on is caused by Zero Tillage-DSR 

followed by Zero till wheat system. Thus, in terms of lowering weed biomass, crop residue 
retention outperformed residue removal. Remainder retention modifies the physical and 

chemical properties of the seed environment, which impacts the germination of seed (Zhang 

et al., 2021), (Teasdale et al., 1993), and (Singh et al., 2012) because it decreases light 

penetration and soil surface insulation. 

C. Effect on Soil Bulk Density and Soil Porosity: 

Bulk Density of soil is decreased when crop residue is added. When crop residues are added 

to the soil, the microbial activity rises, and the products of residue breakdown encourage 

greater aggregation, which lowers Bulk Density. Moreover, Bulk Density should decrease 

with dilution because the residue is lighter than mineral particles (Shaver, 2010). Because 
of the straight inverse relationship between Soil porosity and soil Bulk Density, porosity 

tends to rise as Bulk Density falls. Cavities develop and widen inside and between 

aggregates as they start to form and get bigger. When these cavities are joined, a conduit for 
fluid transfer is produced (Shaver, 2010). In a long-term study conducted in Punjab, India, 

(Singh et al., 2007) observed a decrease in Bulk Density in the rice straw managed treatment 

compared to the control. A highest reduction in Bulk Density (1.65 Mg m-3) was seen among 
the different treatments when the residue of both crops was incorporated into the treatments 

comprising of wheat straw + urea + rice straw inclusion. 

D. Soil Organic Carbon (SOC): 

The amount of soil organic carbon present in the soil biota increases when residue is 

integrated into the soil. (Benbi et al., 2012) observed that after 11 years of continuous rice-
wheat rotation, the Soil organic carbon content increased by 34% when rice straw and FYM 

were applied. According to Singh et al., (2009), sandy loam soil with low baseline Soil 
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organic carbon has a large potential for boosting Soil organic carbon content. This was 
demonstrated by a 29.6% rise in Soil organic carbon content in straw-retained treatments 

when compared to 11.60 percent in silty loamy soil, and by comparing the results with straw 

burning. In contrast to full and partial residue removal, Crop residue retention and 
application of residue resulted in increased Soil organic carbon stock, according to a 

different study conducted in the USA (Villamil et al., 2015). Long-term studies (Bhat et al., 

1991) demonstrated that applying rice straw at a rate of 12 t ha-1 and wheat straw at a rate 

of 6 t ha-1 considerably raised the soil organic carbon content of the soils. 

E. Effect on Soil Available Nutrient: 

Crop residue increases the amount of nutrients available in the soil, which helps to lessen 

the need for chemical fertilizer application. Sidhu et al., (1989) discovered that the addition 

of crop residue led to a greater concentration of total nitrogen in comparison to treatments 
involving residue removal or burning in a long-term study conducted in Ludhiana, Punjab.  

In a similar vein, plots with residue incorporation had higher available phosphorus contents 

than those with its removal or burning. Because phosphorus is lost to the sky during crop 

residue burning, the amount of phosphorus that is readily available has decreased. 
According to Gotoh et al. (1984) and Cassman et al. (1995), adding rice straw greatly 

increased the total nutrient concentration as compared to burning crop residue. The Vertical 

soil type showed considerably higher total nutrient and mineralizable N in 0–10 cm soil 
depth when treated with no-tillage residue retention and rising fertilizer N level, according 

to Dalal et al., (1989). 

F. Effect on Crop Productivity: 

Crop productivity and output are increased when crop residue is applied to the soil. This 

was primarily ascribed to increased soil organic carbon levels, decreased water evaporation 
loss, and enhanced water infiltration, all of which enhanced the physical properties of the 

soil and decreased nutrient losses. The use of rice straw and N fertilization significantly 

increased grain output, as demonstrated by Yuana et al. (2014). Another study by Wilhelm 
et al. (1986) found that for every Mg ha-1 of residue removed, the grain production of 

soybean and maize could decrease by roughly 0.10 Mg ha-1. In Pakistan, Shafi et al. (2007) 

reported that residue of crop incorporation boosted maize kernel production by 23.70 

percent when it is compared to removal of residue methods. Same findings regarding as 37 
percent production of cereals grain increase with using crop residue incorporation when we 

compared to without applying crop residue have been reported by Kouyaté et al., 2000. 

While several research has shown that residue management increases grain output.  

13.5 Constraints of Crop Residue Incorporation: 

Managing crop left-over in the fields comes with a lot of difficulties. These include 
challenges with fertilizer and pesticide application and seeding, as well as problems with 

pest infestation. These crop wastes require a lot of labour and money to remove. In order to 

conveniently avoid having to deal with residue cleanup, farmers typically burn these 
residues. According to reports, Rice-wheat cropping system in the Indo Gangetic plains 

burn over 75% of their crop wastes, which has a detrimental impact on the ecology and soil 
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(NITI Aayog 2015). The main problem with residue management is the small amount of 
crop residues that are utilized in industry and household settings. Because of its greater 

carbon nitrogen ratio, straw of rice immobilizes nitrogen and reduces grain production when 

added to soil (Nannipieri 1994). Farmers typically destroy crop residues by burning them 
into their fields to get rid of them and ensure that the next crop is sown on time since they 

view crop residue as a problem in their fields. Because of its greater C: N ratio, rice straw 

immobilizes nitrogen and reduces grain production when added to soil (Nannipieri 1994). 

owing to ignorance of methods such different decomposers, which facilitate easy residue 

breakdown and lower the C: N ratio. 

Emerging weed population is also the major constraint, In the rice-wheat cropping system 

weed management is major problem. When we use chemical pesticide in excess amount it 

has negative effects for a healthy ecosystem. Nutrient management may get more 
complicated as a result of greater residue levels and fewer possibilities for applying 

nutrients, especially through manure. Fertilizers, especially N, that are administered fully at 

the time of seeding have the potential to lose their effectiveness and contaminate the 

environment. Additional obstacles to the adoption of residues integration systems include 
the need for more managerial expertise, the presumption of lower crop yields and/or 

economic returns, unfavorable attitudes, and institutional hurdles. Moreover, farmers like 

well-kept, spotless fields to run-down ones that have been tilled. 

13.6 Conclusion: 

India faces a difficult challenge in 2050: feeding the world's most populous nation with one 

of the worst rates of malnutrition. In addition, farming in the future needs to be 

environmentally sustainable and multifunctional in order to provide producers and society 

with a means of subsistence as well as ecosystem products and services. Crop leftovers are 
an essential part of conservation agriculture, which effectively addresses the 

aforementioned issues and guarantees a robust basis of natural resources. Conservation 

agriculture lays out the fundamentals of sustainable production systems, which need to be 
used in accordance with the requirements of each individual site. Crop trash have significant 

economic significance as fuel, animal feed, industrial raw materials, and as a necessary 

component of conservation agriculture. Crop leftovers must be applied, in whole or in part, 

to conservation agriculture to provide food security for the nation, sustain agriculture, and 
maintain a healthy base of soil resources. To ascertain the sustainability and resilience in 

agriculture in India, it is imperative that all relevant stakeholders such as farmers, service 

providers of supply and value chain, researcher workers, extension agents, policymakers’ 
peoples, public servants, and consumers of India engage in comprehending and fully 

utilizing these invaluable resources. We think that the development, training, awareness 

programme, policy, and research initiatives will be very helpful in managing agricultural 

residues on a local and regional level. 
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