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Abstract
[bookmark: _GoBack]In modern times, traditional farming methods are unsustainable and negatively impact the environment. Environmental deterioration mostly manifests as nutrient depletion in many emerging nations, which lowers the capacity for food production. Resource conservation technologies (RCTs) adoption and resource efficiency are challenges. Conservation agriculture refers to cropping systems that boost biodiversity, maintain a permanent soil cover, minimize soil disturbance, diversify crop species, and promote natural biological processes both above and below the soil. The four guiding concepts of conservation agriculture are reducing mechanical soil disturbance and immediately planting tillled soil enhances soil health and organic matter content; utilizing crop waste and cover crops to increase soil organic matter. This protects the soil's surface, preserves water and nutrients, and encourages soil biological activity; crop diversification in associations, sequences, and rotations to improve system resilience, which in turn lowers tillage and retention by disrupting pest and disease cycles; and controlled traffic that loosens soil compaction. Reduced tillage, residue management, laser land leveling, site-specific nutrient management, and other techniques are examples of these RCTs. By reducing the consumption of fossil fuels, these technical elements also contribute significantly to the reduction of greenhouse gas emissions. In order to attain intensive and sustainable crop production in various agro-ecological situations, these new technologies must be adopted under a diversified cropping system.
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Introduction
The practice of growing crops without tilling the soil and keeping crop leftovers on the soil's surface is known as "conservation agriculture." CA is a strategy for resource-saving agricultural crop production that aims to save the environment while simultaneously achieving high and sustained production levels and respectable profitability. Enhancing both above-ground and below-ground natural biological processes is the foundation of CA. In order to achieve the ultimate goal of sustainable conservation agriculture solutions, farmers who are worried about the environmental sustainability of their crop production systems and the rising costs of production have started to adopt and modify enhanced systems management techniques. In order to limit environmental harm, conservation agriculture methods use soils for crop production with the goal of minimizing excessive soil mixing and keeping crop leftovers on the soil surface. To differentiate this more sustainable farming from the more restrictive "conservation tillage," the term "conservation agriculture" has been introduced [1]. For both pre-plant and in-season mechanical weed control operations that may result in some degree of crop residue retention on the soil surface, the term "conservation tillage" is frequently used to describe the development of new crop production technologies that are typically associated with some degree of tillage reductions [2]. The concept of conservation tillage stipulates that the residue covering on the soil surface must be at least 30%, but it does not specify any specific ideal amount of tillage [4].
Conservation agriculture is recommended:
· Soil tillage is typically the primary method used in conventional "arable" agriculture [3].
· Long-term, intensive agricultural farming causes the soils to deteriorate.
· Soil erosion ultimately stems from this structural deterioration of the soils, which also causes crusts and compaction.
· We are therefore compelled to find alternatives and stop the process of soil degradation due to soil erosion brought on by soil tillage [5].
· Degradation of soil brought on by over exploitation and careless use of agricultural inputs.
· Natural resources are becoming a major threat to maintaining soil quality and crop yield.
· The loss of soil organic carbon, fertility depletion, and decline in nutrient providing capacity are the most significant processes of soil degradation.
Concept and Requirements for Resource Conservation Technologies (RCTs)
To put it simply, the idea of RCTs is to preserve natural resources in order to prevent their loss and deterioration, as well as to maximize their benefits so that their productivity is not reduced over time but rather increased to support the sustainability of the ecosystem as a whole.  Any technology or management strategy that boosts factor productivity—which includes inputs, labor, capital, and land—is referred to as resource conservation technology (RCT). Agricultural resources include capital, land, labor, equipment, and agricultural inputs like pesticides and fertilizers [6].  RCTs increase productivity with little effort and save resources. Resource and conservation are the two words that make up RCT. 
A resource is a real or virtual entity with finite availability that must be used in order to reap advantages. Allocating resources, whether commercial or non-commercial, requires resource management. In order to ensure that future generations can meet their needs, conservation entails managing natural resources for the benefit of present generations [7].  Soil health has been adversely affected by over cultivation, which has decreased the soil's ability to retain moisture and nutrients. For a variety of reasons, farmers are giving up on conventional practices including mulching, organic manure, green manuring, intercropping, and crop rotation. Crop farmers are forced to use more chemical fertilizers per unit area in order to boost crop output due to the decline in soil fertility. Increasing the output of particular grain crops per hectare was the primary focus of the Green Revolution [8]. However, this resulted in problems with resource degradation, including decreased productivity, decreased groundwater levels, risks of soil salinization, deterioration of soil fertility, deterioration of soil physical health, biotic interferences, declining biodiversity, restricted access to high-quality food, and increased groundwater and air pollution.  Because of the global resource depletion difficulties and the need to reduce production costs, increase return on investment per rupee, and increase agricultural productivity, conservation issues have become increasingly important in the post-green revolution period [9].
Techniques for conserving resources
Crop rotation, mulching, biofertilizer, tillage, crop residue, integrated nutrient management (INM), and green manuring
1) INM
By optimizing the advantages from all potential sources of plant nutrients in an integrated way, integrated nutrient management maintains soil fertility and a plant nutrient supply to the ideal level for sustaining desired crop yield. For crop production, it involves applying chemical fertilizers in combination with organic resource materials such as green manures, organic manures, bi-fertilizers, and other organic degradable materials. Farmers can use IPNS to increase productivity while also preserving soil fertility because it is environmentally friendly, economically, socially, and ecologically feasible. Integrated nutrient management reduces the cost of fertilizers for crop production by promoting the use of on-farm organics. The idea covers important topics such maintaining the appropriate level of productivity, optimizing plant nutrient supply, and maintaining or adjusting soil fertility [10]. Maximizing the advantages of all potential nutrient sources while taking environmental issues into consideration. This can be accomplished by combining the utilization of all potential nutrient sources and managing them scientifically for the best possible development, production, and quality of various crops and cropping systems [11]. In INM, the interactive benefits of mixing organic and inorganic nutrient sources have been shown to be superior to using these sources alone. Restoring and maintaining soil fertility and crop productivity, preventing secondary and micronutrient deficiencies, reducing fertilizer use and improving nutrient use efficiency, and having a positive impact on the physical, chemical, and biological health of soils are just a few of the benefits of INM [12]. Increases the availability of both native and applied soil nutrients and synchronizes the crop's nutrient supply from both native and applied sources. Decreases the negative impacts of hidden deficiencies and nutrient imbalance while giving crops balanced nutrients.
2) Tillage
Tillage is a mechanical soil manipulation technique that involves loosening the soil to promote healthy seed germination, plant growth, and soil water conservation. Tillage is the process of modifying soil using tools to create a specific seed bed [13]. It is among the most crucial elements of conservation farming. In small-scale, low-resource farming, it requires a lot of labor; in large-scale, mechanized farming, it requires a lot of capital and energy. When tillage is applied wisely, it can help with compaction, crusting, decreased infiltration, increased runoff and erosion, and soil and environmental deterioration.
The primary purposes of soil tillage are:
· To create ideal circumstances for seed germination and emergence.
· To enhance aeration and water infiltration.
· To get rid of the weeds' competitors.
· The goal of burying or incorporating manure, organic waste, and/or agricultural residues is to create a soil environment that is conducive to plant growth.
· Boost the soil profile's capacity to store moisture, manage crop residues, reduce weeds, improve soil aeration, raise temperature, promote seed germination, and boost yield.It makes it easier to apply soil amendments, manures, fertilizers, and in situ moisture conservation [14].
Tillage's Effects
1) Benefits
· The top layer of soil is loosened and aerated by plowing, making it easier to grow crops.  
· It facilitates the uniform mixing of nutrients, organic matter (humus), and harvest residue throughout the soil [15].  
· It is employed to eradicate weeds. 

2) Adverse consequences of ploughing 

· Before seeding, the earth is dried.  
· The soil loses a lot of nutrients, including carbon, nitrogen, and water storage capacity.  • Soil erosion. 
· Reduces the rate at which soil absorbs water. 
· Lessens the amount of organic stuff in the soil, including ants, earthworms, microbes, and carbon compounds.
· Destroys aggregates of soil. 
· Eutrophication  
· May draw some dangerous insects to the field.

3) Crop Residues

Before a crop or subsequent crop is sown, crop wastes are integrated into the soil. The amount of time that agricultural leftovers can decompose is crucial for ensuring that nutrients are available. In the soil, crop leftovers with a large C:N ratio break down slowly [16]. Temperature, moisture regime, and soil characteristics all have a significant impact on decomposition. The biggest agricultural harvest is crop residue. Cereal and legume straws, tops, stalks, leaves, and shoots of tuber, oil, sugar, and vegetable crops, as well as fruit and nut tree pruning and litter, make up more than half of all dry matter in the world's harvest. Crop residue has developed into a valuable resource with conflicting applications. Parts of plants that remain in the field after crops are harvested and threshed or after pastures are grazed are generally referred to as crop residue. Although these materials were once thought of as rubbish that needed to be disposed of, it is now more widely acknowledged that they are valuable natural resources rather than waste [5]. Environment, which then affects the number and activity of microorganisms in the soil and the ensuing changes in nutrients. However, it has been found that adding cereal straws with a high C:N ratio immobilizes soil N and negatively impacts the production of subsequent crops [6]. Amendments made from crop residues can raise biomass production and SOC content, which enhances soil fertility. Therefore, the application of crop residue amendment creates a favorable relationship between biomass yield and SOC content [17].

Crop residues' impact on soil's physical characteristics  

· Bulk Density and Porosity: Reduces soil bulk density while increasing soil porosity. 
· Modifying soil structure microspores can enhance hydraulic conductivity. 
· Soil temperature: The shading effect raises the minimum soil temperature in the winter and lowers it in the summer [18]. 
· Soil moisture: Increases the amount of residues on the soil surface, which lowers the rate of evaporation.

Crop residue recycling's impact on soil's chemical composition 

· Organic carbon: Rises as O.M. is continuously added. 
· Increases the pH of the soil considerably through the addition of basic cations and decarboxylation of organic anions. 
· C.E.C.: Soil organic matter as a plant nutrient reservoir, C.E.C. increases with residue addition. 

Impact of recycling crop residue on soil biological characteristics

· It supplies substrates for microbial biomass as well as energy for bacterial development and activity.
· Establish a conducive environment for biological nitrogen fixing. 
· The activity of enzymes such as alkaline phosphatase and dehydrogenase rises in soil. 
· The number of microorganisms has increased.  
· Humus development.

4) Mulching 
Crop residues as a surface mulch  

Mulch affects the soil's heat reflectivity and water transfer properties. Additionally, mulch decreases evaporation losses and enhances soil water storage. Mulch lowers soil warmth and aids in moisture conservation. Crop waste is a useful tool for erosion, runoff, and sediment transportation to streams. Returning crop residue as mulch has been shown to increase crop output [13]. These advantages result from the recycling of plant nutrients as well as improvements in soil temperature and moisture regimes, soil structure, and erosion prevention. But for farmers with limited resources, using crop leftovers as fertilizers is crucial. Mulches are made of a variety of materials and are used for aesthetic purposes, soil temperature regulation, weed growth suppression, and moisture retention [19]. Crop residues was now regarded as a waste product, and burning it in the field became an issue for the local ecology. This led to the practice of burning crop debris directly in the field. Later, the government advocated the use of wheat residue amendment in conjunction with mechanization as a means of promoting sustainable agricultural development. This crop residue is used as surface mulch.

5) Crop Rotation

Growing a variety of diverse or distinct crops in the same location across successive seasons is known as crop rotation. This is done to prevent farmers from using their soil for a single type of fertilizer [20]. It improves agricultural productivity and soil fertility while lowering soil erosion. Crop rotation keeps soil borne pests from establishing themselves in the garden and helps to preserve soil structure and nutrient levels. The soil structure gradually deteriorates when a single crop is planted in the same location each year since the same nutrients are used repeatedly. After a few years, the soil loses those particular nutrients and becomes unhealthy [21]. Concurrently, as their food source persists, insect pests that consume a single crop and spend their larval stage in the soil proliferate. As their number grows, these pests become more difficult to control each year. The soil ecosystem is significantly altered by crop rotations. In addition to affecting the loss of nutrients from a soil, the rotation of crops also affects the dynamics of microbial communities, the growth and spread of biopores, and the return of agricultural leftovers [22].

Crop rotation's consequences 

· Greater variety in plant production and, consequently, in the nutrition of people and animals.
· Decreased likelihood of weed and pest infestations. 
· Increased dispersion of channels or biopores produced by a variety of roots (different shapes, diameters, and depths).  
· Improved soil profile distribution of nutrients and water.  
· The roots of various plant species search for water and nutrients in distinct soil profile layers, making better use of the available water and nutrients.  
· Enhanced nitrogen fixation via specific plant-soil biota symbionts and better N/P/K balance from mineral and organic sources.  
· Increased production of humus

6) Green mannuring

Growing mannuring plants on the area where you want to add organic matter and turning them into the soil while they are still fresh is known as "green manuring." Green manure is the term for the plant material employed in this manner. Plants cultivated to improve the physical, chemical, and biological properties of soil as well as to produce soil cover are known as green manure or cover crops [23]. GMCCs can be seeded with crops or separately. For No-Tillage, apply soil cover, which lowers soil and water temperatures and boosts water infiltration. Prevent soil erosion. Minimize the presence of weeds. contribute biomass to the soil to nourish soil life, contribute and recycle nutrients, and collect soil organic matter. Boost the structure of the soil. Reduce insect and disease infestation and encourage biological soil preparation [24]. Green manure and cover Soil health can be enhanced by using crops as a conservation strategy. Compared to alternative tillage techniques that only partially absorb the residue, benefits to soil quality such as enhanced organic matter, biological activity, aggregate stability, infiltration, and nutrient cycling accumulate considerably more quickly under no till. 

7) Precision farming

By utilizing cutting-edge natural technologies and data-driven technology for profitable crop management, precision farming, also known as precision agriculture, transforms conventional agricultural methods [25]. Fundamentally, precision farming is applying inputs like water, fertilizer, and pesticides precisely to meet the unique requirements of individual plants or portions of fields. This focused strategy seeks to reduce environmental effects, improve resource efficiency, and increase crop output. Farmers may precisely map changes in soil characteristics, moisture levels, and healthy crops in their fields by using instruments like GPS-guided tractors, drones, and satellite photography. They can make well-informed decisions about planting, irrigation, and pest management thanks to this thorough understanding, which results in more effective resource allocation and higher crop yields. Furthermore, real-time monitoring and data collecting are made possible by precision farming, which enables farmers to promptly detect and resolve problems like water stress, pest infestations, or nutrient deficiencies before they worsen [28]. Furthermore, precision farming can save farmers a lot of money by eliminating input waste and maximizing resource use. At the same time, it can lessen its negative effects on the environment by reducing greenhouse gas emissions and chemical runoff [27].

8) Use of GPS and GIS systems

A new era of precision farming and sustainable methods has been ushered in by the Global Positioning System (GPS), which has completely changed agriculture. GPS aids in the targeted use of resources, like as water, fertilizer, and pesticides, reducing waste and increasing output [26]. GPS-enabled equipment navigates fields with unmatched precision, maximizing productivity and minimizing environmental effect. Drones and GPS-enabled sensors that monitor crop conditions in real time enable prompt responses, guaranteeing the best possible crop health and resource usage. GPS also makes it easier to map fields precisely, which helps with boundary identification and regulatory compliance. GPS's many uses have made it an essential tool for contemporary agriculture, enabling farmers to boost output while advancing sustainability. Agriculture has been transformed by Geographic Information System (GIS) technology, which gives farmers strong tools for spatial analysis and decision-making [29]. GIS helps farmers find spatial patterns and trends that are essential for efficient farm management by combining different data layers, such as soil type, topography, weather patterns, and crop yields, into a geographic framework. Farmers may make well-informed decisions about planting, irrigation, and resource allocation by using GIS to create precise maps that show crop health indicators, water flow patterns, and soil variability. Additionally, GIS makes it easier to combine data from many sources, such as on-farm sensors and remote sensing photography, to create a complete picture of agricultural landscapes. GIS improves precision agriculture techniques by optimizing resource use, reducing environmental impact, and eventually increasing farm output and sustainability through its capacity to understand spatial linkages and interpret complicated data [30].

9) Site-Specific Nutrient Management (SSNM)

The recommendation procedure for nutrient management in India now depends on response data collected from wide geographic areas [31]. An alternate approach that takes into account the intrinsic geographical diversity in nutrient requirements is site-specific nutrient management. In order to maintain agricultural output, it involves keeping an eye on all plant nutrient supply pathways and stresses the balanced application of fertilizers, bio-fertilizers, organic manures, crop wastes, and nutrient-efficient crop varieties. In order to prevent overuse and indiscriminate fertilizer application, SSNM promotes a tailored approach. Rather, it gives farmers the capacity to dynamically modify fertilizer application according to the particular nutrient requirements of their crops and the availability of nutrition from natural resources, organic sources, and irrigation water [32]. The objective is to increase nutrient utilization efficiency by providing nourishment at an optimal rate and timing to achieve high yields. Setting attainable production goals, making efficient use of current nutrient sources, and adding fertilizers to close the gap between crop nutrient supply and demand are the three main components of this strategy [33].

10) Leaf Colour Chart

The Leaf Color Chart (LCC), which was first created in Japan, is a non-destructive technique that measures the degree of green color in rice plants' leaves to determine how much nitrogen they require [34]. For improved accuracy, this instrument is being standardized with chlorophyll meters. In both hybrid and inbred rice varieties, research has shown that LCC-based nitrogen management is more effective than locally advised nitrogen application techniques. It has proven feasible to cut nitrogen fertilizer application by 20–30 kg per hectare without sacrificing rice production by applying nitrogen based on LCC readings [35]. By lowering input costs and avoiding the negative environmental effects of excessive nitrogen application, this strategy not only maximizes nitrogen use but also supports sustainable farming practices. As a result, the Leaf Color Chart becomes a crucial tool for optimizing nitrogen delivery techniques in rice farming, providing a useful and effective way to boost crop yield while encouraging resource efficiency [36].

11) Drip irrigation

Drip irrigation, often called trickling irrigation, is a technique that uses a network of small-diameter plastic pipes equipped with emitters or drippers to provide water to soil at extremely low rates, usually between 2 and 20 liters per hour. By ensuring that water is delivered straight to the plant's root zone, this technique lowers waste and boosts water usage efficiency (WUE) [37].  Drip irrigation targets specific areas, wetting only the soil surrounding plant roots, in contrast to surface and spray watering, which saturate the entire soil profile. Drip irrigation's adaptability for row crops, which provides precise water supply catered to each plant's needs, is one of its main benefits. Furthermore, drip irrigation systems are quite flexible and may be used on farms with different slopes [38].

Limitations and Difficulties with RCT Adoption 

Farmers' adoption of conservation agricultural programs and resource-conserving technology remains low, despite the benefits being shown and documented in both study and field demonstrations. Large-scale RCT adoption is hampered by a number of identified constraints:  

· Mechanisms of certain kinds are used in several conservation agriculture-based resource conservation technologies. These tools are expensive and not readily available in many places. The development, standardization, promotion, and mobilization of supply to the new regions appropriate for new crops and cropping sequences are also necessary for the successful implementation of RCTs. In a nation where 82% of farmers fall into the small and marginal category [39], the cost of specialized equipment and mechanization, as well as the associated ongoing maintenance costs, are unaffordable [40].
· It becomes a time-consuming and costly procedure when RCT strategies including those under site-specific management require extensive study involving field experiments and repeated testing across the sites to validate in other areas.  Surface crop residues, for instance, can be used as mulch to assist manage soil temperature in a given area by lowering soil water evaporation [41]. However, in other areas, same mulch may also serve as a source of decomposable organic matter or harbor unwanted pest populations [42].
· It is required to make initial investments in the land, such as tearing the existing soil compactions, adding organic matter to the soil, zero-till sowing, using additional sources of nutrients instead of inorganic fertilizers, leveling, and sculpting the soil surface. These are crucial prerequisites for successfully changing a production system with RCTs, but small subsistence farmers are unable to provide such capital [43]. 
· In India, which primarily uses rainfed tracts and relies heavily on diaries for protein during lean seasons, crop residues are traditionally used extensively to compensate for forage shortages and as fuel; there is competition between conservation practices and livestock feeding for crop residues [44]. 
· Rather than using machinery to plant under CA, farmers turn to large-scale residue burning of the previous crop, primarily rice and wheat, because to the unavailability of fuel and pasture [45]. Long-term environmental contamination and associated health risks for the area are caused by this practice [46].
· When conservation agriculture techniques were first implemented, the prevalence of annual grasses and broad-leaved weeds was a major issue. However, over time, this led to a high infestation of permanent weeds with constant zero-tillage.  This is due to the fact that selective herbicides do not adequately manage perennial weeds, and repeated use of non-selective herbicides pollutes the environment [47]. 
· Indian agriculture is characterized by small and dispersed land holdings, where the application of technologies such as happy seeders, laser field levellers, and zero-till drills is restricted [48].
· RCT techniques, such as direct seeded rice, crop residue retention on the land surface, zero-tillage, etc., steadily improve resources over time, in contrast to conventional farming. Benefits in terms of increased yield may not always be apparent right away or in the early years of conservation technique implementation. This is the fundamental way of thinking among farmers with limited resources that limits the application of RCT [49]. 
· Soil Test Crop Response equations for site-specific nutrient management are designed for certain crops and types in a particular area; therefore, they cannot be applied to a broad variety of soils or crops. The use of leaf color charts is limited since different kinds have variable degrees of greening, which causes nitrogen management to be misguided [50].
· Precision farming based RCTs are not taking off as variable rate technologies can’t be calibrated across a predominance of small holdings with wide variations in soil fertility and moisture conditions. 
· Development of appropriate technical packages and skilling extension agents with training of state of art technologies, unto better adoption of RCTs, are also very much lacking.

Conclusion

Resource conservation agriculture, or RCTs, provides a new avenue for sustainable agricultural research and development because it is less labor-intensive, energy-efficient, and input-responsive, reduces greenhouse gas emissions, and gives farmers sustainable yields without compromising the health of the environment or the base of natural resources. The use of resource conservation technology alone may have a number of benefits and disadvantages. However, by integrating several RCTs, the shortcomings of any one technique can be eliminated, and the long-term advantages of the technologies may be recognized [53]. Around the world, several RCTs have been effectively implemented in various cropping systems and ecological contexts, resulting in sustainable production with minimal adverse environmental effects. For the development, spread, and eventual adoption of suitable conservation technologies, it is imperative that farmers, scientists, extension agents, stakeholders, and policy makers in both developed and developing nations adopt a new perspective on conventional agriculture. In order to develop and promote conservation systems, scientists from a variety of disciplines must discuss various challenges from a system perspective, set research priorities, allocate resources in close partnerships, actively participate with farmers, extension agents, and other stakeholders, and strengthen knowledge and information-sharing mechanisms. Adoption's obstacles and limitations also require government-integrated policy measures, business sector participation, and funding. However, if other RCTs are developed, adopted, and spread widely, it will present opportunities for farmers and society as a whole and usher in India's second green revolution.
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