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Abstract
Crop residues are rich source of plant nutrients, hence have the potential to improve the resource use efficiency along with sustainability of the agro-ecosystem. How we manage and increase the fertility of soil is one of important issue in world It has been reported that soil organic carbon and soil matter is the most important indicator of soil quality and soil health. Crop residue management is important method of sequestering C in soil and increasing the soil OM content and giving protection against erosion. It is also beneficial for agricultural sustainability. This chapter mainly summarized how crop residue management affects soil organic carbon (SOC), soil organic matter (SOM), Proper use of crop residue can increase or maintain the physical and chemical properties, microbial activity and improve the quality of soil Knowledge and assessment of changes (positive or negative) in SOC and SOM with time is  still  needed  to  evaluate the impact of different management practices.
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I. Introduction
Crop residues are materials left on cultivated land after the crop has been harvested. Retention of crop residues after harvesting is considered to be an effective soil health management practice. Crop residues (CR) have been historically labelled as "wastes," yet they hold the potential to be a precious resource akin to "black gold" due to their inherent value as natural organic matter. Soil organic matter (SOM) stands as a cornerstone of soil quality and CR serves as the precursors to SOM. Recently, soil degradation and declining quality have become pressing concerns due to the misuse of agricultural practices, monoculture cultivation, excessive application of chemical inputs, and contamination from anthropogenic activities including mining, metal processing, and electronics manufacturing [1,2,3].Many studies have reported that crop residue incorporation benefits the improvement of soil quality [4,5,6]. 
Crop residue retuning into field after harvesting has been suggested as sound management practice due to the benefits in enhancing soil quality and productivity. Returning crop residues to soil is the most economical and ecological means of conserving soil and water for sustaining crop production [7]. Crop residues serve as a source of nutrients, help in maintaining soil organic carbon (SOC) and subsequently improve overall soil quality [8]. This is because, by retaining leftover crop material like stubble, husks, stems, straws, leaves, etc., a protective cover on soil, a barrier is formed. These materials contain carbon that enhances the organic carbon content of the soil on decomposition. Instead of being treated as a waste material that leaks greenhouse gasses into the atmosphere, it can improve soil fertility with the addition of carbon in the soil through sustainable crop residue management.
Crop residues contribute to the maintenance of soil organic carbon (SOC) stores, a key component of soil fertility and soil-based climate change mitigation strategies. Since last two decades, people are taking interest to improve the quality of soil throughout the world. They recognize the fragility of natural resources, or the need of their protection to sustain development. Now a days, scientists developed many technologies to sustain soil health, soil quality and for increasing food production. Among of them, residue management is the technology which is beneficial for soil and crop yield.
Soil organic matter, a major sink for carbon, is controlled by many factors that have complex interactions. The management of crop residues is of primary importance. Reduced tillage and no-tillage practices result in a significant build-up of soil organic matter because they greatly reduce the rates of decomposition of both the native soil organic matter and of the crop residues. The crop residues decompose slower because most remain on the soil surface where there is less biological activity, and the native soil organic matter decomposes slower because there is less tillage for aerating the soil and for breaking the aggregates that expose organic compounds to the soil microorganisms. Crop residues, however, are highly variable. Although most crop residues contain about 40 percent carbon, the nitrogen contents range from very low to more than 3.5 percent. For carbon to be stabilized in the soil as organic matter, there must be adequate nitrogen available in the system and this factor is frequently overlooked. Climate is often the most critical factor determining the sustainability and enhancement of soil organic matter. As temperatures increase, organic matter decomposition, particularly in frequently tilled soils, is greatly accelerated. As precipitation decreases, there is less biomass produced for replenishing decomposed carbon. Consequently, soil organic matter maintenance becomes increasingly difficult in particularly in hot and arid areas. Semiarid regions comprise almost 40% of the world's land area, so managing crop residues in these fragile areas is important in relation to the global C picture.
II. Crop residue potential in India 

The Ministry of New and Renewable Energy, Govt. of India (2009) has estimated that about 500 Mt of crop residues are generated every year. The generation of crop residues is highest in UP (60 Mt) followed by Punjab (51 Mt) and Maharashtra (46 Mt). Among different crops, cereals generate maximum residues (352 Mt), followed by fibres (66Mt), oilseeds (29 Mt), pulses (13 Mt) and sugarcane (12 Mt). The cereal crops contribute 70%, while rice crop alone contributes 34% and wheat ranks second with 22% of the crop residues.
Table:1. Crop residue potential in India 
	Crops
	Residues (Mt)

	Cereals
	352

	Pulses
	13

	Oilseeds
	29

	Sugarcane
	12

	Fibers
	66
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(Source:- [9]The MNRE, Govt. of  India 2009)
Figure 1. Agricultural waste generation in India compared to other select nations (source: modified from National Policy for Management of Crop Residues (NPMCR) [10]
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Fig.1.Percentage of dry biomass share from different crop residue in India[11] (Jain et al., 2018).
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 Fig.2.Percentage of dry surplus crop biomass generated in important states of India[11](Jain et al., 2018).
Table:2. State wise (major states) crop residue generated, residue surplus and burned in India
	States
	Residues generation (Mt)
	Residues surplus (Mt)
	Residue burned (Mt)

	Uttar Pradesh
	59.97
	13.53
	21.92

	Punjab
	50.75
	24.83
	19.65

	Maharashtra
	46.45
	14.67
	7.42

	Andhra Pradesh
	43.89
	6.96
	2.73

	Karnataka
	33.94
	8.98
	5.66

	West Bengal
	35.93
	4.29
	4.96


(Source:- [9]The MNRE, Govt. of  India 2009)
Table:3. Nutrient potential of different crop residues in India

	Crop residues
	N (%)
	P2O5 (%)
	K2O (%)
	Total
	Tonne/Tonne residue

	Rice
	0.61
	0.18
	1.38
	2.17
	0.0217

	Wheat
	0.48
	0.16
	1.18
	1.82
	0.0182

	Sorghum
	0.52
	0.23
	1.34
	2.09
	0.0209

	Maize
	0.52
	0.18
	1.35
	2.05
	0.0205

	Pearl millet
	0.45
	0.16
	1.14
	1.75
	0.0175

	Barley
	0.52
	0.18
	1.30
	2.00
	0.0200

	Finger millet
	1.00
	0.20
	1.00
	2.20
	0.0220

	Pulses
	1.29
	0.36
	1.64
	3.29
	0.0329

	Oilseed
	0.80
	0.21
	0.93
	1.94
	0.0194

	Groundnut
	1.60
	0.23
	1.37
	3.20
	0.0320

	Sugarcane
	0.40
	0.18
	1.28
	1.86
	0.0186

	Potato tuber
	0.52
	0.21
	1.06
	1.79
	0.0179

	Total
	8.71
	2.48
	14.67
	26.16
	0.2616


Source:[12] Tandon (2003)
III. Characteristics of crop residues
1. Composition
Crop residues are mainly composed of cellulose (40– 50 wt %), hemicellulose (15–25 wt %), lignin (20–30 wt %), protein and soluble sugars (glucose, fructose,)[13].Cellulose is a biopolymer composed of monomeric glucose unit bonded with 1,4-β-glycosidic linkage. It is presented in the form of parallel-aligned microfibril chains in the plant cell wall linked by hydrogen bonding among the chains. Hemicellulose has complicated composition (xylans, xyloglucan, arabinoxylans and glucomannans). Lignin is a phenolic complex polymer formed by cross linking of three major components: p-coumaryl, coniferyl, and sinapyl alcohols. In cell walls, cellulose is surrounded by a monolayer of hemicellulose and embedded in a matrix of hemicellulose and lignin, which form stable complex 3-dimensional structure.
2. Nutrient content
Crop residues are a potential source of plant nutrients and their beneficial effects on soil fertility and productivity can be harnessed by recycling them into the soil that on an average 30–35% of applied nitrogen and phosphorus and 70– 80% of potassium accumulates in the crop residues of food crops. About 40% of N, 30–35% of P, 80–85% of K, and 40– 50% of the S uptake by rice remains in the vegetative parts at maturity. Similarly, about 25–30% of N and P, 35–40% of S, and 70–75% of K uptake is retained in wheat residue. Moreover, crop residues are the primary source of organic matter (as C constitutes about 40% of the total dry biomass) which is indispensable for sustaining agricultural ecosystems. However, they depend upon the soil conditions, crop management, variety as well as season that determine the nutrient concentration in crop residues (Table 3).
3. Loss of nutrients

It is estimated generally crop residues of different crops contains 80% of Nitrogen (N), 25% of Phosphorus (P), 50% of Sulphur (S) and 20% of Potassium (K). It is also estimated that burning of one tonne of crop residue account for loss of the nutrient 5.5 kg Nitrogen, 2.3 kg phosphorus, 25 kg potassium and 1.2 kg sulphur besides, complete loss of organic carbon and polluting atmosphere and increase greenhouse gas emission that led to climate change. If the crop residues are incorporated or retained in the soil itself, soil gets enriched in above mentioned nutrients, particularly with organic carbon and also meets food for soil microorganism and plant nutrients.
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Impact of crop residues burning

· Straw burning provides ash rich in P and K. Decline in microbial population is the reason for poor enzymatic activity.

· Heat generated due to burning influences number, richness and distribution of micro-organism leads to change in enzymatic activity.

· Loss of carbon due to burning is reason for lower N and S content

· Burning of the residue leads to rapid mineralisation of soil organic carbon and release of GHGs and soot particles which are highly disadvantageous.

· One tonne straw on burning releases 3 kg particulate matter, 60 kg CO, 1460 kg CO2 ,199 kg ash and 2 kg SO2 . Besides other light hydrocarbons, volatile organic compounds (VOCs) and semi-volatile organic compounds (SVOCs) including polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs).
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Fig3. Schematic overview and strategies for efficient crop residue management [14](Sarkar et al., 2020)
IV. Crop residue management
a. In-situ Crop residue management
In-situ crop residue management is the practice of leaving crop residue in its natural state on the field. While lowering the danger of pests and diseases, in-situ management techniques can assist in maintaining the health and fertility of the soil.
Several of the techniques used to manage in-situ crop residues are listed below:

1. Mulching is the practice of leaving crop residue on the soil surface to protect the soil from erosion and retain moisture. Mulching also helps to suppress weeds and provides nutrients to the soil.

2. No-till farming involves planting crops without disturbing the soil. Crop residue is left on the soil surface, and seeds are planted through it. This method helps to conserve soil moisture and reduce soil erosion.

3. Strip-till farming is similar to no-till farming but involves tilling only a narrow strip of soil where the seeds will be planted. Crop residue is left on the soil surface in between the tilled strips. This method helps to conserve soil moisture and reduce soil erosion and help in providing a suitable environment for seed germination.

4. Cover crops are planted in between cash crops to provide ground cover and add nutrients to the soil. Cover crops can also be left on the soil surface as a form of mulch.

5. Crop rotation involves alternating the type of crops grown on a field each season. This method can help to reduce soil erosion and nutrient depletion thereby improving soil health.
b. Ex-situ Crop residue management
Ex-situ management of crop residue refers to the removal of agricultural waste from the field for use as compost, firewood, or animal feed. Ex-situ management techniques offer a natural source of nutrients for the soil and can assist lower air pollution brought on by burning agricultural leftovers. These ex-situ crop residue management techniques are frequently employed:
1. Biomass power generation: Crop residues can be used as a source of fuel for biomass power generation. This method involves burning crop residues to produce electricity or heat.

2. Animal feed: Crop residues can be used as a source of animal feed, particularly for livestock such as cattle, sheep, and goats. Crop residues can be baled and stored for use as animal feed during the dry season when forage is scarce.

3. Composting: Crop residues can be composted to produce a nutrient-rich soil amendment. This method involves collecting the crop residues and mixing them with other organic materials such as manure, leaves, and grass clippings. The compost can then be used to improve soil fertility and structure.

4. Biochar production: Biochar is a type of charcoal that is produced by heating crop residues in the absence of oxygen. Biochar can be used as a soil amendment to improve soil fertility, water retention, and crop productivity.

5. Industrial uses: Crop residues can be used in various industrial processes, such as the production of paper, textiles, and building materials.
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Fig. 4. A comprehensive overview of risk and innovations technologies in crop residue management.[15](Dutta et al.,2022)

V. Effect of crop residue management on soil health
1) Effect on physical property of soil 
Zhao et al. observed that the soil bulk density in the 0–20 cm layer decreased by 5.7% after 7 years of maize and wheat straw input. In addition, straw return treatments decreased the soil bulk density in both the soil layers (0–20 cm, 20– 40 cm) [13]. Returning crop residues to soil can improve soil physical properties by increasing soil moisture content, decreasing bulk density, and increasing total porosity and aggregate stability [16,17,18]. Crop residue returning can increase soil moisture content by reducing surface runoff and direct evaporation, improving soil saturated water conductivity and water infiltration [19]. Soil total porosity is one of the basic physical properties of the soil and an index for evaluating soil fertility and productivity. The soil porosity increases when mixing crushed crop residues with the soil through deep ploughing. When compared to no wheat straw treatment, wheat straw returning significantly (P < 0.05) increased the soil porosity in the 0–10 cm, 10–20 cm, and 20–30 cm soil layers by 5.06%, 5.21%, and 2.75% in 2019, respectively [20]. Residue returning can improve soil structure [21]. [22] has shown that mulching of crop residue or partial incorporation of residue in soil by conservation tillage increases the infiltration by reducing surface sealing and decreasing runoff velocity. The mulch retention could be more beneficial to increase soybean yield and water storage [23] compared with another returning mode (RR without cover crops) showed the impact of cover crop and crop residue removal on bulk density, SOC infiltration, retention rate of water and productivity. They showed that returning the cop residue increased SOC and decreased bulk density of soil. They concluded that when crop residues applied in the field, it add soil carbon, soil nutrient by which fertility and crop productivity would be increased [24] reported that retention and incorporation of residue caused a significant increment in total water stable aggregates (15.65%) in 0-15cm in surface soil and 7.53% in sub-surface soil (15–30 cm), which depicted that the use of crop residue, can increase 2.1-fold higher water stable aggregates as compared to the other treatments without residue incorporation/retention. Under zero tillage crop residues reduced evaporation and maintained moisture fluctuations. However, at the time of harvest different types of tillage system did not show any major influence on the content of moisture while it was higher and reduced at the time of initial tillage and subsequent tillage operations [25]. Conservation management practice produced more benefit under those areas where concentration of SOC was found lower such as in Mediterranean soils as reported by [26] and those areas where stockless croplands predominated [27];[28] . The incorporation of rice residue along with different organic manures and fertilizer like, Rice residue, Vermicomposting, green manure, BGA, Azospirillum, and urea, DAP, MOP had improved the physico-chemical properties of soil i.e. there is the reduction in bulk density and increased the soil porosity and organic carbon status of the soil [29].
2) Effect on soil available nutrients and crop yield
Many scientists reported that straw of crop is full of organic carbon and nutrient, so it is important organic fertilizer which can replace the chemical fertilizers [30,31,32,33]. .In some studies, it is also reported that the yield of rice was reduced in first 3 years of straw incorporation 30 days prior to rice planting due to crop residue applied in field caused immobilization of soil nitrogen. But in later years, it did not affect the yield. Recycling of CRs can influence the availability of nitrogen to the crop. Nutrient availability and carbon storage depend on soil organic matter (SOM) content. C/N ratio of CRs dictates the N mineralization-immobilization dynamics. Application of legume residues with a low C/N ratio can result in N mineralization, whereas cereal residues with a high C/N composition can temporarily immobilize N during the decomposition process [34,35] in soil. Crop straw incorporation improves soil organic carbon and soil nutrients contents. It is beneficial for recycling nutrients residue, ploughing is important in immobilization of nutrients (especially nitrogen), and the better ratio of C:N needs to be corrected by applying extra nitrogen fertilizer at the time of residue incorporation [36].  Denitrification losses of mineral nitrogen fertilizer can also be greater when residues are left on the surface due to higher soil moisture content and if fertilizers are not properly incorporated [37] .Application of 75% N +100% P+15 kg K (inorganic) +15 kg K through gliricidia resulted in improvement in soil fertility with higher soybean yield and concluded that the integrated application of 75% N +100% P+ 50% K through chemical fertilizer and 50% K through gliricidia green leaf manuring at 30 DAS resulted in improvement in soil fertility and yield of soybean grown in Vertisols [38]. [39] concluded that conjunctive application of 100% NP + 10 kg K (inorganic) + 20 kg K ha-1 through gliricidia green leaf manuring at 30 DAS resulted in improvement in soil fertility and yield of cotton grown in Vertisols under rainfed conditions. The application of 100% NP + 10kg K (inorganic) +20 kg K through gliricidia was found to be beneficial for higher yield and nutrient uptake by cotton in Vertisols[40]. Incorporation of rice residues 5 t∙ha−1 significantly improved the soil  available nitrogen, phosphorus and potassium than no rice residue treatment in the 0 – 15 cm soil layer [41]
3)Effect on soil organic carbon content 
Crop residues contain about 40% organic carbon, which can regulate soil properties and improve soil stability through the formation of large aggregates. The soil organic carbon content increased by 52% and 50% with a treatment of 5% (w/w) raw garlic stalk in 2016 and 2017, respectively [42]. Increase in biomass both above ground biomass and root biomass induce the C input and considerable progress could be made in this connection, especially by selection of deep-rooting species and varieties. Crop residue management is another important method of sequestering C in soil and increasing the soil OM content [43]. Crop residue returning can also reduce organic carbon loss [44].The residue derived from crops is considered ''the greatest source of soil organic matter'' [45] for agricultural soils. Crop residue release of essential nutrient elements in soil as well as emission of CO2 into the atmosphere are controlled by the mineralization of organic matter in soil [46,47,48],making it the most important process occurring in soil. Crop residue retention is crucial for increasing and/or maintaining soil organic carbon (SOC) levels; however, soil type may control its effect. The results obtained by [49] indicated that straw incorporation significantly increased the organic carbon concentration and storage levels compared to without straw incorporation, where the increase was probably associated with the amount of crop residues incorporated into the soil, as suggested previously [50].Crop residue returns organic matter to the soil where it is retained through a combination of physical, chemical, and biological activities that interact and affect soil quality, including nutrient cycling . Incorporation of crop residues may be a sustainable and cost effective management practice to maintain the soil ecosystem, the organic carbon of soil levels and to increase soil fertility in European agricultural soils [51]. Mulch farming and plant cover are specific land management practices allowing both coverage of the soil by specific plants, giving protection against erosion, and providing biomass residues to increase soil OM [52] (FAO, 2001). The study revealed that surface application as well as incorporation of rice residues improved the organic carbon than no rice residues[41] .
4)Effects on enzyme activities and carbon pools:-
Residue addition improves soil microbial activity by providing better physio-chemical conditions for microbial growth. Moderate soil temperature with sufficient moisture proves highly beneficial for the microbes to grow. The residues added are basically food source for the microbes but, one important point is as rice or wheat straw have very high C: N ratio (70–100:1) so, along with residue inorganic N fertiliser should be added to avoid N-immobilisation [53]. Residue addition showed significantly higher microbial biomass carbon (MBC), enzymatic activity like dehydrogenase and phosphatase over the burned plots [54,55]. [56] observed that crop residues protect the soil from wind and water erosion and high sun’s radiation under zero tillage, propitiating soil bio-diversity and enzymatic activity, while improving nutrient efficiency, water economy and soil structure.
Incorporation of crop residues into soil significantly changes the labile pool of soil organic matter [57]. Soil labile carbon pools are considered the soil quality indicators and are influenced by CR management practices [58,59]. It is reported that continuous residue incorporation for three years significantly increases the light carbon fraction in the soil, which has a great contribution to total soil organic carbon [60]. The proportions of the different labile fractions of the SOC might be altered by the type, quantity, and quality of residue or straw of residues and/or green manure straw that are incorporated into the soil in cropping systems [61] .[62] evaluate the effect of the retention of different types of crop residues on SOC and labile fractions, a long-term rice-based crop rotation experiment was established with five different winter cropping practices: (1) rice-fallow (RF), (2) rice–wheat (RW), (3) rice–potato with rice straw mulch (RP), (4) rice–green manure (Chinese milk vetch; RG), and (5) rice–oilseed rape (RO). The RP treatment had comparatively higher content of DOC, HWC, MBC, and KMnO4-C than the other treatments in both 0–10 cm and 10–20 cm depths. The RW treatment had higher KMnO4-C content but lower MBC and POC content than the other treatments. The RO treatment had lower MBC content compared to the other treatments, while the opposite results were found in the RG treatment. Furthermore, the DOC content was improved by the winter crop growth. The changes in labile SOC might be attributable to the types of residues retained.
[63] reported all crop sequences improved microbial biomass C and dehydrogenase activity in the soil following rice straw incorporation as it acts as a source of food and energy for microbes. Different crop sequences, except rice-wheat, also improved the counts of bacteria, fungi and actinomycetes in soil.[64] maximum increase microbial biomass Carbon was quantified in NPK+ Paddy straw treatment as compared to NPK+FYM or NPK+ GM, which might be due to the presence of decomposition resistant fiber fractions in NPK + paddy straw and also reported the highest activity of dehydrogenase (DHA) in rice straw incorporated treatment as compared to rice straw removal.
The ability to capture atmospheric N and subsequently store it in the soil would have resulted in a low C:N ratio in its residue, accelerating the N availability, which is required for rapid residue conversion from a C pool into a particulate C fraction[65]. [66] reported that long term integrated use of 50% N through FYM/gliricidia + 50% N through fertilizers + 100% P2O5 ha-1 shows significantly highest Soil microbial biomass carbon, CO2 Evolution, Dehydrogenase Activity, Alkaline Phosphatase of Vertisols under rainfed condition.
Adding farmyard manure/gliricidia in combination with NPK enhanced Very labile C, potassium permanganate oxidizable C and microbial biomass C were the most sensitive and responsive C fractions to INM practices under cotton– greengram intercropping in Vertisols of semi-arid climates[67] . The INM treatments, where 50 % N was substituted by Gliricidia [(N + NGli)PK] or FYM [(N + NFYM)PK], demonstrated significantly higher dehydrogenase, alkaline phosphatase, and microbial biomass carbon under the cotton-greengram intercropping system in semi-arid Vertisols[68] 
Table 4 : Effect of potash management through gliricidia green leaf manuring on biological properties of soil and carbon status of soil of Rainfed Cotton under Semi-arid Agroecosystem
	Treatment
	SMBC (mg kg-1 soil)
	CO2 evolution (mg 100 g-1 soil)
	Alkaline phosphatase (µg p-nitrophenol g-1 24 hr-1)
	DHA (µg TPF g-1 24 hr-1)
	OC (g kg-1
	SOC stock Mg ha-1

	T1  - Control
	110.28
	24.57
	128.62
	16.78
	4.59
	13.52

	T2 - 100% RDF (60:30:30 NPK kg ha-1)
	126.12
	30.80
	138.13
	20.88
	5.63
	16.35

	T3 - 100% NP + 15kg K(inorganic) + 15 kg K through gliricidia
	174.76
	48.40
	191.50
	29.13
	6.01
	17.16

	T4  - 100% NP + 10 kg K (inorganic) + 20 kg K through gliricidia
	184.59
	49.50
	196.77
	30.55
	6.27
	17.77

	T5 - 100% NP + 30 kg K through gliricidia
	170.32
	46.57
	183.08
	28.18
	6.01
	16.80

	T6 -75% N + 100% P + 15 kg K (inorganic) + 15 kg K through gliricidia
	162.80
	40.33
	175.71
	25.71
	5.75
	16.19

	T7 -75% N + 100% P + 30 kg K through gliricidia
	152.57
	35.20
	167.20
	24.84
	5.39
	15.34

	T8 - 50% N +100% P + 30 kg K through gliricidia
	146.36
	34.83
	165.70
	23.45
	5.52
	15.84

	T9 - 100% K through gliricidia
	131.02
	32.63
	153.32
	21.66
	5.08
	14.69

	SE (m) ±
	5.53
	2.15
	6.64
	1.02
	0.02
	-

	CD at 5%
	16.59
	6.46
	19.90
	3.07
	0.05
	-

	
	
	
	
	
	
	


                                                                                                                [69]Gabhane et al.,2020               

A field experiment was conducted to study the integrated effect of potash application through gliricidia green leaf manuring on productivity of cotton and soil fertility in Vertisols. The results indicated that ,the application of 100% NP + 10 kg K (inorganic) + 20 kg K through gliricidia recorded significantly higher soil microbial biomass carbon (184.59 mg kg-1 soil) over all other treatments. It might be due to the supply of additional mineralizable and readily hydrolyzable carbon due to organic manure application which resulted in higher microbial activity vis-a-vis microbial biomass carbon. The significantly higher CO2 evolution in soil was observed under the treatment T4..The increased metabolically active microbial biomass could have resulted in increased soil respiration rate by the application of gliricidia green leaf manuring. It is indicative of the nutrient turn over at higher carbon expenses met through added organic carbon. the alkaline phosphatase activity showed statistically significant improvement under T4 treatment. The significantly higher activities of alkaline phosphatase in the  T4 treatment soils may be due to the enhanced microbial activity and diversity of phosphate solubilizing bacteria due to green manure input over the years. The significantly higher dehydrogenase activity was observed in same treatment. The stronger effects of gliricidia on dehydrogenase activity might be due to the more easily decomposable components of crop residues on the metabolism of soil microorganisms and due to the increase in microbial growth with addition of carbon substrate. It was observed that, the organic carbon increased with potash application through gliricidia. The higher values of organic carbon content in treatments T4 and T3 may be due to higher addition of biomass into the soil . Direct incorporation of organic matter, better root growth and more plant residues addition might be the possible reasons for increase in organic carbon content. Carbon storage in soils is the balance between the input of dead plant material (leaf and root litter) and losses from decomposition and mineralization processes. SOC is thus an extremely valuable natural resource. The highest increase in SOC stock was observed in treatments T4.
Benefits of sustainably managing crop residue

Considered waste to some, recycling residue from crops can become a valuable resource that enriches the farm in 3 main areas:

Soil benefits:

· Improves physical properties of soil that help with water-holding capacity and drainage.

· Lessens incidences of erosion

· Helps retain ideal soil temperature

· Improves the soil acidity and availability of micronutrients

· Beneficial for soil microbial life

· High-quality organic matter content

· Soil carbon enhancement

Agronomic benefits:

· Retains soil productivity

· Recycles nutrients from the soil

· Better root proliferation

Economic benefits:

· Can improve crop yields

· Generates new income sources with carbon farming

· Carbon farming gives new profit sources to farmers by getting as much carbon back into the soil instead of letting it emit into the air where it causes extreme weather events and rapid climate change. In fact, carbon farming benefits the farm beyond carbon sequestration.

Crop residue management is but one of the several farm practices farmers can incorporate to increase soil carbon storage.

Other ways are:

· Reduced fertilizer application

· Reduced tillage

· Improved residue management

· Eliminating bare fallows

· Increased production of cover crops

· Sowing companion crops

· Agroforestry

· Improved task efficiency

· Improved water management

· Fuel-use efficiency
Conclusion 

Crop residues are carbon-rich materials that contain much nitrogen, phosphorus, potassium and microelements. Crop residue input is a sustainable way of improving soil quality without disturbing its biological balance. The crop residue offers ecologically sound alternatives for meeting soil nutrient requirements, crop productivity and environmental quality. These crop residues increase the SOC and nitrogen mineralization and their decomposition can increase the contents of organic carbon and available phosphorus, potassium in soils, which can provide nutrients for microorganisms and crops. In addition, soil moisture, aggregate stability, and porosity can also be improved. Crop residues improves soil structure, increases biodiversity, enhance SOC sequestration capacity and partially replace fertilizer input. Addition of nutrients from organic crop residues should be synchronized with crops demand and crop residue management for soil organic carbon, and crop yield. The residue has complex effects on physical, chemical and biological properties of soil. Crop residues addition in soil enhancing soil organic matter, quantity, and availability of essential nutrients and soil moisture, promoting biotic activity and, thus, overall soil health. Thus, the crop residue management practices should be selected to enhance crop yields with sustainable soil environment.
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