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Abstract 

The long-term food security of humanity on Earth will be significantly influenced by due tothe 

effects of climate change on soils and then the agricultural productione. In addition to being 

vulnerable to climate change, agriculture also contributes significantly to itThe article explores 

how soil fertility processes and qualities are impacted by climate change on a worldwide scale 

and adaptation and mitigation options for a sustainable food security.  The research was 

undertaken in ……. The methodology used was …….. Due to the intricate relationship between 

soils and the climate system through nutrient and hydrologic cycles, it is anticipated that changes 

in the global climate may have an effect on soil fertility through changes in the physical, 

chemical, and biological characteristics of the soil as a result of rising temperatures, altered 

precipitation patterns, increased atmospheric concentrations of greenhouse gases, and other 

factors. It is possible to reduce these negative consequences of climate change by using both 

mitigation and adaptation strategies. It has been demonstrated that agronomic farming practices 

enhance soil health by raising the quantity, diversity, and activity of microorganisms. The article 

explores how soil fertility processes and qualities are impacted by climate change on a 

worldwide scale. 

Keywords:climate change, soil fertility, agronomic practices, sustainability 

1. Introduction 

Climate change refers to any significant alteration in climatic phenomena that lasts for several 

decades or more [1]. These include variations in average climatic conditions, irregular rainfall 

events, the frequency and intensity of extreme weather events, and sea level rise, whether 

brought on by human activity or natural fluctuations. The process of global warming is 

commonly ascribed to greenhouse gases produced by burning fossil fuels such as coal, oil, 

natural gas, etc., which is a result of human activity [2]. Since the soil provides the majority of 

the food and fiber required by the world's growing population, climate change has an impact on 
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the environment, including soil [3]. As a result, it may jeopardize global food security by altering 

soil processes and qualities [4]. According to the Intergovernmental Panel on Climate Change's 

(IPCC) Fifth Assessment Report, human activity is most likely to blame for the estimated 1.0C̊ 

rise in global temperature beyond preindustrial levels, with a likely range of 0.8 to 1.2C̊. 

According to IPCC [5], if global warming keeps on its current pace, it might reach 1.5C̊ between 

2030 and 2052. This would alter other regional and global climate-related factors like rainfall, 

soil moisture, and sea level. 

One inherent quality of a soil is its state of health. It is understood to be a set of traits that 

classify and characterize its health. In contrast, soil quality is an external feature of soils and is 

influenced by how humans choose to utilize them. It might have to do with the productivity of 

agriculture and its ability to sustain wildlife, safeguard watersheds, or provide goods for leisure. 

In order to maintain or improve water and air quality, support plant and animal health, and 

operate as a viable living system within ecological and land use constraints, a soil must possess 

certain qualities, which Doran and Zeiss [6] characterize as soil health.  

Despite the fact climate change is a gradual process that takes a long time and involves only 

modest variations in temperature and precipitation, it nonetheless has an impact on many soil 

processes, especially those that are connected to soil fertility [6]. The primary predicted 

consequences of climate change on soils include changes in soil moisture conditions, as well as 

increases in soil temperature and CO2 levels.One strategy that may be used to successfully lessen 

the consequences of climate change is adapt-led mitigation, which also encourages a variety of 

stakeholders to use different adaptation and mitigation technologies. In the field, adaptation may 

be achieved by making adjustments to the present practice packages to address fluctuations and 

changes in the climate.  

Agronomic interventions in agriculture incorporate a range of techniques enhancing soil carbon 

and health, soil conservation, tillage operation, system innovations for enhancing productivity 

and more. Agriculture and climate change are interdependent processes, and it is anticipated that 

global warming would have a major influence on agriculture through direct and indirect effects 

on crops, soils, animals, and pests. In addition to the likely decrease in food production, there 

may be a decrease in food's nutritional quality, which raises questions about nutritional 

security[7]. Concerned about how climate change may affect the soil health and ecosystem 



 

 

sustainability, attempts are being undertaken to create mitigation solutions for its adverse effects. 

The impact of climate change on soils, as well as mitigation and adaptation techniques, have 

been explored in light of these issues. 

Please include a section about methodology here. This is missing in the article. The number of 

the literature used.  

2. Climate Change's Effects on the Environment and mitigation measures 

Globally, people are currently very concerned about the speed and extent of climate change. 

Since the Industrial Revolution, greenhouse gas emissions from human activities such as 

increased energy consumption, industrialization, intensive agriculture, and urban and rural 

development have increased in the atmosphere. This has increased heat retention, raised global 

temperatures, and increased spatial and temporal variability. The atmospheric concentrations of 

carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) were significantly raised by 

anthropogenic greenhouse gas (GHG) emissions prior to the preindustrial era [8,9]. It was noted 

that approximately half of the anthropogenic CO2 emissions from the preindustrial era to 2011 

have occurred in the last 40 years [10]. Of this increase, about 81% was attributable to CO2 

concentration. The accumulation of greenhouse gases (GHG) has caused an increase in the 

global mean annual temperature of 0.4–0.7 ̊C at the end of the nineteenth century [11], and the 

IPCC [1] predicts that by the end of the twenty-first century, the temperature will have climbed 

by 1.1–6.4 ̊C.  

Rising concentrations of greenhouse gases (GHGs) such as CO2, CH4, and N2O cause the global 

mean temperature to rise by 1.1 - 0.1 C̊ since the preindustrial era [12]. The rate of increase is 

0.2 C̊ per decade (IPCC 2018), with an estimated 4 - 2 C̊ increase by the end of the twenty-first 

century [13]. Climate change has brought significant changes in land-use and natural vegetation, 

which in turn affects albedo, temperature, precipitation patterns, the heat and energy balance of 

the near-surface atmosphere, and other aspects of the climate. In addition to altering the 

characteristics of precipitation, rising temperatures also cause a significant portion of the polar 

ice caps, permafrost soil zones, and mountain glaciers to melt. This alters the dynamics of water 

flow, causing surface runoff and flood waves, and raises the eustatic sea level, endangering 

agricultural areas, low-lying areas, and settlements [14]. Additionally, the field water cycle and 

soil formation processes are significantly impacted by changes in vegetation [15].  
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3. Climate Change's Effect on Soil Properties and adaptation measures 

Authors should include a subsection about cliame change (CC) effects on soil and the table 
below could give the number of references that have pointed out each consequences in the 
table. The results related to the location of the sutudy should also being presented the 
number of references for each consequences 

Global climate change has a major impact on soils as well as the functions performed by the soils 

(Table 1). The main effects of climate change that are expected to occur are elevated CO2 levels, 

changes in soil moisture content, and temperature increases in the soil [16]. The processes and 

characteristics of the soil that are in charge of restoring the soil's fertility and productivity are 

anticipated to be primarily impacted by temperature and CO2 levels in the climate.  

Table 1: Climate change effects on soil 

Climatic factors Effects 

Rise in temperature • Salinization of soil 

• Soil organic matter decomposition increases 

• Loss of soil organic matter 

• Decreases soil porosity 

• Increases soil compactness 

• Reduction of soil CEC 

• Reduction of soil fertility 

• Deterioration of soil structure 

• Increases risk of soil erosion 

• Reduction of water retention capacity 

• Increases CO2 release from soil 

• Reduction of soil organic C 

• Increases ammonia volatilization 

• Increases rhizospheric temperature 

• Stimulation of nutrient acquisition 

• Enhances soil microbial activity 

• Increases bioavailability of N and P from organic matter 

Heavy and intensive rainfall • Destruction of soil aggregate 

• Increases risk of soil erosion 
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• Increases leaching of basic cations 

• Soil acidification 

• Reduces soil CEC 

• Loss of soil nutrients, especially N 

• Development of hypoxic condition in poorly drained soil 

• Toxicities of Fe, Mn, Al, and B 

• Loss of N through denitrification 

Decreased rainfall • Increases salt content 

• Soil moisture deficit 

• Decreases diffusion and mass flow of water-soluble nutrients 

• Possibility of occurring drought 

• Loss of nutrient from rooting zone through erosion 

• Reduces nutrient acquisition capacity of root system 

• Reduces N-fixation in legumes 

Increase in atmospheric CO2 • Increases soil C availability 

• Increases soil microbial activity 

• Increase soil fungal population 

 

3.1 Soil Physical Properties 

The physical properties of soil are largely influence by the chemical and biological processes of 

soil, such as adsorption, water, heat and mass transport, nutrient supply, biological activity, etc., 

which have a significant impact on soil fertility and are strongly correlated with soil sensitivity to 

climate change [17,18]. Soil hydrophysical properties also play a significant role in influencing 

soil fertility [19]. Increased temperatures, higher CO2 concentrations, altered rainfall patterns, 

and their interactions as a result of climate change are predicted to have an impact on a number 

of soil physical processes, increasing the risk of salinization, reducing the availability of water 

and nutrients, changing the dynamics of C and N, and reducing soil biodiversity [20]. According 

to Mills et al. [21], soil moisture stress lowers soil functions, which in turn impacts plant yield. 

The following are significant soil physical characteristics that are impacted by soil fertility as a 

result of climate change. 



 

 

Soil texture: Given that soil texture is a relatively stable soil feature, it has a significant impact 

on soil properties and controls how sensitive the soil is to changes in climate. According to 

Bormann [22], clay soils are the least responsive to climate change, whereas silt soils are the 

most. The primary contributing element affecting how soil reacts to local climatic change is soil 

texture. 

Soil Structure: Significant variations in temperature and precipitation patterns brought on by 

climate change have a complex effect on the type, distribution, and aggregate stability of soil 

[14]. This process involves the slaking, dispersion, mechanical disturbance, and compaction 

processes [23]. Due to the aggregate-destructive nature of intense rainfall, surface runoff, and 

filtrating water during heavy downpours, thunderstorms have a direct effect on soil structure 

[24]. Climate change may indirectly affect the land-use practices [24] and also soil biological 

function (due to the sensitivity of soil macrofauna and microorganisms to climate change), which 

in turn affect the soil structure [14]. 

Bulk Density and Porosity:The texture and organic matter content of the soil, as well as 

climate, have a significant impact on bulk density. Increased bulk density can result from soil 

erosion or the loss of organic matter in the soil due to an increased rate of decomposition brought 

on by an elevated temperature [25]. Compaction can then worsen the soil's porosity and cause a 

compact layer to form that prevents root growth [26,24]. Future climate change scenarios, such 

as rising temperatures and CO2 levels as well as erratic and intense rainfall events, could have an 

unexpected impact on soil functions such as pore-size distribution and porosity, which could 

further change root development and soil biological activities. 

3.2 Soil Chemical Properties 

The chemical composition and/or fertility of the soil declined with rising soil temperature, even 

as several chemical processes in the soil quickened as a result of global warming [27]. The 

subsequent part discusses the direct effects of climate change on a few chemical characteristics 

of soil. 

Soil pH: The direct consequences of climate change, such as higher temperature, varied 

precipitation, CO2fertilization, and atmospheric N deposition, are not likely to cause most soils' 

pH values to shift quickly [28]. But these climate change agents also alter the amount of organic 



 

 

matter in the soil, the cycle of carbon and nutrients, the amount of water accessible to plants, and 

therefore the productivity of plants, which can have an impact on the pH of the soil [29]. Rainfall 

increases have the potential to accelerate the leaching of basic cations, which results in acidified 

soil. Soil pH may also be impacted by changes in rainfall patterns brought on by seasonal and 

diurnal variations as a result of climate change. 

Cation Exchange Capacity: One important factor influencing soil fertility is cation exchange 

capacity (CEC), particularly when it comes to the immobilization of potentially hazardous 

cations like Al and Mn and the retention of major cationic nutrients like Ca, Mg, and K. Because 

CEC is correlated with the amount of organic matter in the soil [30], coarse-textured soils and 

low-activity clay soils with a greater decomposition rate and declining SOM owing to rising 

temperatures [25] have lower CEC. High and frequent rainfall can cause more basic cation 

leaching, which can lead to low CEC in the soil. 

Soil Salinization: The soil may naturally become weaker and more vulnerable to erosion by 

wind and water as a result of salinization and alkalization. Salt dynamics are the most susceptible 

to changes among the several indicators of climate change, which aggravates and causes soil 

salinization [31]. The two main factors that induce salinization, salt buildup and wind deposition, 

are predicted to be impacted by climate change [31]. Due to changes in the global climate, 

salinization has increased even more quickly, particularly in the last 20 to 30 years [32]. 

3.3 Soil Biological Properties 

Soil biological properties are also interlinked with other soil physical and chemical properties 

such as aeration, soil organic matter, or pH, influencing the soil microbial activity [33] which in 

turn performs relevant activities in carbon and nutrients cycling. 

Soil Organic Matter: Soil organic matter (SOM) is a significant factor in determining soil 

fertility. It controls most soil activities, including cation exchange, water storage capacity, and 

pH. Compared to temperature rise, changes in soil moisture content brought on by climate 

change may have a greater impact on SOM breakdown in many ecosystems. The unsaturated 

zone has an oxic environment that speeds up the breakdown of organic materials and may be 

dominated by effective aerobic processes [34]. The optimal levels of microbial activity and SOM 



 

 

breakdown rates are observed at soil moisture contents between fifty and sixty percent. 

Excessive soil moisture in some habitats might impede the breakdown process [35]. 

Soil Microbial Biomass: Elevated carbon dioxide levels over a longer period of time may have 

a little direct effect on soil microbial biomass (SMBC) and community structure [36]. Soil 

microbial biomass is responsive to short-term changes of environment [37] and declines 

significantly with long-term simulated climate warming experiments [38]. Thus, the living part 

of organic matter and the most labile C pool in soils, soil microbial biomass (SMB), represents 

microbial size and soil fertility status. 

4. Mitigation and adaptation through agronomic practices 

Authors should separate under different subsectionsmitigation and adaptaionagronomic 

practices and to give the tableswith the number of references that have pointed out each 

practice in the tables. And to make recommendations about practices that should be 

applied or tested to the location of the sutudy 

 

Agricultural methods that reduce the negative effects of temperature fluctuations, fluctuating 

rainfall, and other extreme weather events can help agriculture adapt to climate change. In 

addition to broader agronomic management strategies (e.g., crop rotation, planting time 

[39],cover crop, organic farming, tillage practices etc. introduction of legume crop [40,41], there 

are many other management-level adaptation options available to mitigate the effects of climate 

change on crop production[42]. These options include zero tillage, retaining crop residues, 

extending fallows, increasing the diversity of production, and altering amounts and timing of 

external inputs (fertilizers, water). Through improved soil carbon sequestration and reduced 

greenhouse gas emissions (carbon dioxide, nitrous oxide, and methane), agriculture can help 

mitigate the effects of climate change. Carbon dioxide emissions can be decreased by burning 

less biomass and using energy more efficiently. Improved farm management techniques, such as 

better handling of animal waste and water in rice fields, can lower methane emissions. Improved 

N fertilizer management, which includes choosing the right kind, rate, and application technique, 

as well as soil management (prevention of soil compaction), can lower nitrous oxide emissions. 

4.1 Organic Farming 
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Globally, organic farming is gaining momentum as the most sustainable agricultural system due 

to its ability to enhance physical, biological, and environmental resources like soil nutrient 

mineralization, microbial activity, diversity, abundance, and lower nitrate (NO3-) concentrations 

in groundwater. It has been observed that legume crops, such as lucerne and Sesbania spp., may 

enhance soil organic matter by about 50%, as well as boost soil N supply capacity and 

sequestration when compared to mineral fertilization [43]. In comparison to conventional 

systems, organic systems utilizing compost and peat sources demonstrated increased microbial 

populations and enzyme activity throughout the course of a 12-year research including rice 

(Oryza sativa) and maize (Zea mays) crops [44]. In comparison to traditional culture methods, 

organic farming has been shown to decrease soil pathogens, including Fusarium wilt in 

cucumber (Cucumis sativus) [45] and plant parasitic nematodes Pratylenchus and Meloidogyne 

in maize and beans [46].  

The physical and chemical qualities of soil can be enhanced by organic farming. For instance, 

compared to conventional systems, organic systems in a clay soil increased soil water content 

(15%) and retention capacity (10%) and decreased soil bulk density (8%) in the top 20 cm soil 

layer [47]. Furthermore, organic farming provides an excellent supply of macronutrients. For 

instance, N storage of soil treated with organic manure was much greater (by 50%) in the 20 cm 

topsoil than that of standard chemical fertilizers in a long-term (18-year) research utilizing 

chemical and organic fertilization regimes [48]. Another long-term research (21 years) 

comparing conventional and organic farming found that whereas Ca2+ and Mg2+ were 30–50% 

greater in the conventional soil, nutrient input (N, P, and K) was 34–51% lower in the organic 

soil [49]. 

4.2 Tillage Practices 

Tillage techniques have been shown to impact crop productivity and fruit quality in watermelon 

and rice-maize cropping systems, as well as the chemical and physical characteristics of the soil 

[50]. Maintaining soil health and crop productivity requires the adoption of effective tillage 

practices [51]. Conservation tillage techniques (no-tillage, reduced, and strip) have been shown 

to drastically lower soil macro- and micro-aggregate stability while simultaneously increasing 

soil microbial activity, soil moisture, organic matter, aggregate stability, cation exchange 

capacity, and crop production [52-54]. In comparison to conventional tillage methods, 



 

 

conservation tillage techniques improved soil accessible P in the topsoil (0–20 cm) by 3.8%, K 

by 13.6%, and soil organic matter by 0.17% [55]. Reducing soil erosion and increasing soil 

moisture content can also be achieved by keeping crop residues on the top layer of the soil 

(complete cover, no till; partial cover, strip tillage) [56]. Compared to conventional methods, 

conservation tillage increases the quantity of nematodes, earthworms, gram-positive bacteria, 

and bacteria and fungus [57,58]. 

4.3 Cover crop 

The purpose of growing cover crops is to increase soil fertility, reduce soil erosion, protect and 

enrich the soil, and improve the soil's quality, availability of nutrients, and water retention. The 

growth and maintenance of soil microbial biodiversity can be facilitated by cover crops[59].  The 

main purpose of planting cover crops is to reduce soil erosion. Certain crop species, such 

ryegrass, rye, and oats, have a strong capacity to reduce soil erosion, whereas cover crops with 

deep roots, like white mustard and fodder radish, are less successful in doing so [59]. In a maize-

soybean cropping system, it was discovered that using cereal rye (Secale cereale L.) as a cover 

crop improved soil water [60]. At water potentials relevant to field capacity and plant accessible 

water, cover crops enhanced soil water retention by 10%–11% and 21%–22%, respectively [61]. 

According to University of California study, cover crops such as brome grass, resident 

vegetation, and strawberry clover can reduce the strength of the surface soil by 38–41 percent. 

They can also increase the rate of soil infiltration by 37–41 percent and the cumulative water 

uptake by 20–101 percent [61]. 

Compared to the other management techniques that raised SOC, cover crops offer an advantage. 

A meta-analysis was carried out on 139 plots located at 37 distinct locations in order to assess 

the carbon response function, which describes the variations in SOC over time. At a soil depth of 

22 cm, the cover crops in rotation that were studied for up to 54 years showed a linear correlation 

with the yearly change in SOC at a rate of 0.32 ± 0.08 Mg ha−1 yr−1 (R2 = 0.19). The premise 

that the observed linear SOC accumulation will not continue to rise indefinitely informed the 

modelling of the average SOC stock change. After 155 years of employing cover crops, the 

newly estimated steady state data would have a SOC buildup of 16.7 ± 1.5 Mg ha−1 yr−1[62]. 

4.4 Crop rotation  



 

 

Crop rotation has several ecological and financial advantages. More precisely, it helps with long-

term agriculture and soil management. Different plant species have different interactions with the 

nutrients in the soil, releasing and absorbing different nutritional components in different 

amounts[63]. In order to balance the soil's nutrient levels, a well-planned rotation strategy either 

replenishes deficient nutrients or uses surplus minerals[64]. Additionally, the organic matter 

levels in the soil are increased by the beneficial microbial leftovers left by different plants. 

Animal faeces from grazing areas naturally fertilizes fallow land. Pure green manure, or leftover 

biomass from harvesting, increases soil fertility and lessens the demand for commercial 

fertilizers. 

Crop rotation influences the growth of beneficial bacteria in different types of soil, as well as the 

generation and dispersion of biopores and the cycling of nutrients in the soil. These procedures 

strengthen the health of the soil and lessen compaction. Root systems can be deep or shallow, 

entering the soil at varying depths and increasing the soil's porosity depending on the type of 

crop. Since the residue left by legume and high-residue plants works as a barrier to prevent 

topsoil erosion, rotation of these plants can help reduce soil erosion [64]. Perennial grasses with 

a long lifespan also successfully prevent soil nutrient loss and water erosion. Planning crop 

rotation and using a variety of perennial grass types can help reduce erosion even in highland 

locations. 

4.5 Optimizing nutrient application 

Site-specific nutrient management (SSNM), soil test-based nutrient delivery, integrated nutrient 

management (INM), green manure, and balanced fertilization methods are significant nutrient-

application approaches that increase nutrient efficiency. Plant nutrients must be recycled by 

using compost, manure, mulch, sludge, biological N fixation through rotational or mixed 

cropping with legumes, and further use of synthetic fertilizers in order to increase soil fertility 

utilizing INM. Long-term manure experiments carried out as part of the All India Coordinated 

Research Project on Dry Land Agriculture (AICRPDA) demonstrated that adding green-leaf 

manure along with other crop residues and groundnut (Arachis hypogaea L.) shells enhanced soil 

infiltration and water retention [65]. 

By using adaptation and mitigation measures, the negative consequences of climate change, such 

as changes in temperature and rainfall, or other extreme weather conditions, can be reduced. 



 

 

adaptation strategies linked to the capacity to modify and boost resistance to an unpredictable 

and unfavorable shift in the weather. This can be accomplished by implementing conservation 

agriculture techniques to preserve enough moisture, organic matter, and nutrients in the soil. 

These techniques include mulching, crop rotation, zero tillage, avoiding monocropping, 

modifying the timing of farming operations, and applying the right amounts of inputs—such as 

irrigation, fertilizer, pesticide, etc.—at the right times.  

5. Conclusion 

Global climate change is predicted to alter soil physical parameters such as bulk density, 

porosity, texture, structure, and nutrient retention. These changes will likely affect soil fertility 

and may lead to salinization of the soil, decreased availability of nutrients and water, altered C 

and N dynamics, and decreased biodiversity of the soil. Given that most soil functions, including 

pH, cation exchange capacity, water and nutrient retention, and soil structure, depend on soil 

organic matter, and that this matter's variation in decomposition rate as a result of global 

warming has a negative impact on soil fertility, soil fertility is determined by the amount of 

organic matter present in the soil. Different farm management techniques can promote soil 

functional stability and increase soil carbon stocks. However, because many agronomic activities 

increase the overall sustainability of the ecosystem, it is necessary to assess the effect of these 

practices from the perspectives of adaptation and mitigation and to analyses their performance 

via a climatic lens. Effective adaptation and mitigation strategies must be widely disseminated in 

order to improve the ecology and soil health of the environment and stop the impending negative 

consequences of climate change and variability. 

References 

1. IPCC (2007) Summary for policymakers. In: Climate change 2007: impacts, Adaptation 

and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of 

the Intergovernmental Panel on Climate Change. Cambridge University Press, 

Cambridge, UK, p 17. 

2. Brett P (2009) Awareness, opinions about global warming vary Worldwide. The Gallup 

Organization 

3. Brevik EC (2012) Soils and climate change: gas fluxes and soil processes. Soil Horiz 53. 

https://doi.org/10.2136/sh12-04-0012.  

Comment [H18]: These details are not too 
necessary I think. Also, I did not see something 
about the agroforestry? Why 

Comment [H19]: Yes this is a ggod paragraph 
that can help authors to present the objective and 
the application of the results in the introduction and 
in the abstract sections  

Comment [H20]: The authors should strictly 
follow the authors guidelines related to the 
refernces presentation 



 

 

4. Brevik EC (2013) The potential impact of climate change on soil properties and 

processes and corresponding influence on food security. Agriculture 3:398–417 

Brinkman R (1990) Chapter 5 Resilience against climate change? In: Developments in 

soil science, pp 51–60. 

5. IPCC (2018) Summary for policymakers. In: Masson-  Delmotte V, Zhai P, Pörtner HO, 

Roberts D, Skea J, Shukla PR, Pirani A, Moufouma-Okia W, Péan C, Pidcock R (eds) 

Global warming of 1.5C; an IPCC special reports on impacts of global warming of 1.5̊C 

above pre industrial levels and related global greenhouse gas emission pathways in 

context of strengthening the global response to the threat of climate change, sustainable 

development, and efforts to eradicate poverty. Intergovernmental Panel on Climate 

Change, Geneva, Switzerland. 

6. Pareek, N. (2017). Climate change impact on soils: adaptation and mitigation. MOJ 

Ecology & Environmental Sciences, 2(3). https://doi.org/10.15406/mojes.2017.02.00026. 

7. Porwal, M., & Verma, B. (2023). Agronomic Interventions for the Mitigation of Climate 

Change, Emrg. Trnd. Clim. Chng. 2(1), 27-39. doi: http://dx.doi.org/10.18782/2583-

4770.122. 

8. Devi OR, Sarma A, Borah K, Prathibha RS, Tamuly G, Maniratnam K and Laishram B. 

Importance of zinc and molybdenum for sustainable pulse production in India. 

Environment and Ecology. 2023; 41(3C): 1853–1859. 

https://doi.org/10.60151/envec/lcch4556. 

9. Devi OR, Laishram B, Singh S, Paul AK, Sarma HP, Bora SS and Devi SS. A Review on 
Mitigation of Greenhouse Gases by Agronomic Practices towards Sustainable 
Agriculture. International Journal of Enviornment and Climate Change. 2023;13(8):278–
287. https://doi.org/10.9734/ijecc/2023/v13i81952. 

 

10. Butler JH, Montzka SA (2019) The NOAA Annual Greenhouse Gas Index (AGGI). 

http://www.esrl.noaa.gov/gmd/aggi/aggi.html.  

11. Pathak H (2012) Climate change and agriculture. Climate change impact, adaptation and 

mitigation in agriculture: methodology for assessment and applications. Indian 

Agricultural Research Institute, New Delhi, pp 1–3. 



 

 

12. WMO (World Meteorological Organization) (2019) WMO Greenhouse Gas Bulletin, 

No.15: The State of Greenhouse Gases in the Atmosphere. Based on Global Observations 

through 2018. 

13. IPCC (2013) Summary for policymakers. In: Stocker TF, Qin D, Plattner GK, Tignor M, 

Allen SK, Boschung J, Nauels A, Xia Y, Bex V, Midgley PM (eds) Climate change 2013: 

the physical science basis. Contribution of Working Group I to the Fifth assessment 

report of the intergovernmental panel on climate change. Cambridge University Press, 

Cambridge. 

14. Várallyay G (2010) The impact of climate change on soils and on their water 

management. Agron Res 8(Special Issue II):385–396. 

15. Lal R et al (eds) (1994) Soil processes and greenhouse effect. CRC Lewis Publishers, 

Boca Raton, FL, p 440. 

16. Mondal, S. (2021). Impact of climate change on soil fertility. In Soil biology (pp. 551–

569). https://doi.org/10.1007/978-3-030-76863-8_28. 

17. Horel Á, Tóth E, Gelybó GY, Kása I, Bakacsi ZS, Farkas CS (2015) Effect of land use 

and management on soil hydraulic properties. Open Geosci 1:742–754. 

18. Devi, O.R, Ojha, N, Laishram, B., Dutta, S. and Kalita, P. (2023). Roles of Nano-

Fertilizers in Sustainable Agriculture and Biosafety. Environment and Ecology, 41(1B): 

457—463. 

19. Horel A, Lichner L, Alaoui A, Czachor H, Nagy V, Tóth E (2014) Transport of iodide in 

structured clay–loam soil under maize during irrigation experiments analysed using 

HYDRUS model. Biologia 69:1531–1538. 

20. Benbi DK, Kaur R (2009) Modeling soil processes in relation to climate change. J Ind 

Soc Soil Sci 57:433–444. 

21. Mills RTE, Gavazov KS, Spiegelberger T, Johnson D, Buttler A (2014) Diminished soil 

functions occur under simulated climate change in a sup-alpine pasture, but heterotrophic 

temperature sensitivity indicates microbial resilience. Sci Total Environ 473:465–472. 

22. Bormann H (2012) Assessing the soil texture-specific sensitivity of simulated soil 

moisture to projected climate change by SVAT modelling. Geoderma 185–186:73–83. 



 

 

23. Reubens B, Poesen J, Danjon F, Geudens G, Muys B (2007) The role of fine and coarse 

roots in shallow slope stability and soil erosion control with a focus on root system 

architecture: a review. Trees 21:385–402. 

24. Singh BP, Cowie AL, Chan KY (eds) (2011) Soil health and climate change, soil biology. 

Springer, Heidelberg, p 414. 

25. Davidson EA, Janssens IA (2006) Temperature sensitivity of soil carbon decomposition 

and feedbacks to climate change. Nature 440:65–173. 

26. Birkás M, Dexter A, Szemők A (2009) Tillage-induced soil compaction, as a climate 

threat increasing stressor. Cereal Res Commun 37:379–382. 

27. Verma S, Jayakumar S (2012) Impact of forest fire on physical, chemical and biological 

properties of soil: a review. Proc Int AcadEcol Environ Sci 2:168–176. 

28. McCarthy JJ, Canziani OF, Leary NA, Dokken DJ, White KS (eds) (2001) Climate 

change 2001: impacts, adaption, and vulnerability. Contribution of working Group II to 

the Third Assessment Report of the Intergovernmental Panel on Climate Change. 

University Press, Cambridge. 

29. Reth S, Reichstein M, Falge E (2005) The effect of soil water content, soil temperature, 

soil pH-value and root mass on soil CO2 efflux - A modified model. Plant Soil 268:21–

33. 

30. Weil RR, Magdoff F (2004) Significance of soil organic matter to soil quality and health. 

In: Magdoff F, Weil RR (eds) Soil organic matter in sustainable agriculture. CRC Press, 

Boca Raton, FL, pp 1–43. 

31. IPCC (1996) Impacts, adaptations and mitigation of climate change: scientific-technical 

analyses: special report of working group II. Cambridge University Press, New York. 

32. Okur B, Örçen N (2020) Soil salinization and climate change. In: Prasad MNV, 

Pietrzykowski M (eds) Climate change and soil interactions. Elsevier, New York, pp 

331–350. 

33. Laishram B, Devi OR and Ngairangbam H. Insight into Microbes for Climate Smart 

Agriculture. Vigyan Varta. 2023; 4(4):53-56. 

34. Golovchenko AV, Tikhonova EY, Zvyagintsev DG (2007) Abundance, biomass, 

structure, and activity of the microbial complexes of minerotrophic and ombrotrophic 

peatlands. Microbiology 76:630–637. 



 

 

35. Plante A, Conant RT (2014) Soil organic matter dynamics, climate change effects. In: 

Freedman B (ed) Global environmental change. Handbook of global environmental 

pollution, vol 1. Springer, Dordrecht. 

36. Niklaus PA, Alphei J, Ebersberger D, Kampichler C, Kandeler E, Tscherko D (2003) Six 

years of in situ CO2 enrichment evoke changes in soil structure and soil biota of nutrient-

poor grasslands. Glob Change Biol 9:585–600. 

37. Haynes RJ (2008) Soil organic matter quality and the size and activity of the microbial 

biomass: their significance to the quality of agricultural soils. In: Soil mineral microbe-

organic interactions. Springer, Berlin, pp 201–231. 

38. Rinnan R, Michelsen A, Bååth E, Jonasson S (2007) Fifteen years of climate change 

manipulations alter soil microbial communities in a subarctic heath ecosystem. Glob 

Chang Biol 13:28–39. 

39. Devi KM, Devi OR, Laishram B, Luikham E, Priyanka E, Singh LR and Babasaheb DV. 
Effect of Planting Geometry and Nutrient Management on Yield, Economics and Quality 
of Dwarf Rice Bean (Vigna umbellata) under Rainfed Condition. International Journal of 
Plant and Soil Science. 2023; 35(9):1–9. https://doi.org/10.9734/ijpss/2023/v35i92897. 

40. Laishram B, Singh TB, Kalpana A, Wangkheirakpam M, Chongtham SK and Singh W. 

Effect of Salicylic Acid and Potassium Nitrate on Growth and Yield of Lentil (Lens 

culinaris L.) under Rainfed Condition. International Journal of Current Microbiology and 

Applied Sciences. 2020; 9(11):2779–2791. https://doi.org/10.20546/ijcmas.2020.911.337. 

41. Laishram B, Singh TB, Devi OR, Khumukcham PS and Ngairangbam H. Yield, 

Economics, Nutrient uptake and Quality of Lentil (Lens culinaris L.) as Influence by 

Salicylic Acid and Potassium Nitrate under Rainfed Condition. Environment and 

Ecology. 2023; 41(3A):1591–1596. https://doi.org/10.60151/envec/hdsa3286. 

42. Kiran Doggali G, Tiwari U, Pandey PK, Devi OR, Gireesha D, Laishram B and Patel A. 
Discovering new frontiers in plant breeding: The fascinating world of advancements 
shaping future growth. International Journal of Research in Agronomy. 2024; 7(1):441–
445. https://doi.org/10.33545/2618060x.2024.v7.i1f.262. 

43. Matoh, T.; Saraswati, R.; Phupaibul, P.; Sekiya, J. Growth characteristics of Sesbania 

species under adverse edaphic conditions in relation to use as green manure in Japan. J. 

Soil Sci. Plant Nutr. 1992, 38, 741–747. 



 

 

44. Chang, E.; Wang, C.; Chen, C.; Chung, R. Effects of long-term treatments of different 

organic fertilizers complemented with chemical N fertilizer on the chemical and 

biological properties of soils. J. Soil Sci. Plant Nutr. 2014, 60, 499–511. 

45. Qiu, M.; Zhang, R.; Xue, C.; Zhang, S.; Li, S.; Zhang, N.; Shen, Q. Application of bio-

organic fertilizer can control Fusarium wilt of cucumber plants by regulating microbial 

community of rhizosphere soil. Biol. Fertil. Soils 2012, 48, 807–816.  

46. Atandi, J.G.; Haukeland, S.; Kariuki, G.M.; Coyne, D.L.; Karanja, E.N.; Musyoka, 

M.W.; Fiaboe, K.K.; Bautze, D.; Adamtey, N. Organic farming provides improved 

management of plant parasitic nematodes in maize and bean cropping systems. Agric. 

Ecosyst. Environ. 2017, 247, 265–272. 

47. Bassouny, M.; Chen, J. Effect of long-term organic and mineral fertilizer on physical 

properties in root zone of a clayey Ultisol. Arch. Agron. Soil Sci. 2016, 62, 819–828. 

48. Gong, W.; Yan, X.; Wang, J.; Hu, T.; Gong, Y. Long-term application of chemical and 

organic fertilizers on plant-available nitrogen pools and nitrogen management index. 

Biol. Fertil. Soils 2011, 47, 767–775. 

49. Mäder, P.; Fließbach, A.; Dubois, D.; Gunst, L.; Fried, P.; Niggli, U. Soil fertility and 

biodiversity in organic farming. Science 2002, 296, 1694–1697. 

50. Gathala, M.K.; Timsina, J.; Islam, M.S.; Rahman, M.M.; Hossain, M.I.; Harun-Ar-

Rashid, M.; Ghosh, A.K.; Krupnik, T.J.; Tiwari, T.P.; McDonald, A. Conservation 

agriculture based tillage and crop establishment options can maintain farmers’ yields and 

increase profits in South Asia’s rice–maize systems: Evidence from Bangladesh. Field 

Crops Res. 2015, 172, 85–98. 

51. Jabro, J.D.; Stevens, W.B.; Evans, R.G.; Iversen, W.M. Tillage effects on physical 

properties in two soils of the Northern Great Plains. Appl. Eng. Agric. 2009, 25, 377–

382. 

52. Gozubuyuk, Z.; Sahin, U.; Ozturk, I.; Celik, A.; Adiguzel, M.C. Tillage effects on certain 

physical and hydraulic properties of a loamy soil under a crop rotation in a semi-arid 

region with a cool climate. CATENA 2014, 118, 195–205. 

53. Cannell, R.; Hawes, J. Trends in tillage practices in relation to sustainable crop 

production with special reference to temperate climates. Field Crops Res. 1994, 30, 245–

282. 



 

 

54. Al-Kaisi, M.; Douelle, A.; Kwaw-Mensah, D. Soil microaggregate and macroaggregate 

decay over time and soil carbon change as influenced by different tillage systems. J. Soil 

Water Conserv. 2014, 69, 574–580. 

55. Shao, Y.; Xie, Y.; Wang, C.; Yue, J.; Yao, Y.; Liu, W. Effects of different soil 

conservation tillage approaches on soil nutrients, water use and wheat-maize yield in 

rainfed dry-land regions of North China. Eur. J. Agron. 2016, 81, 37–45. 

56. Celik, A.; Altikat, S.; Way, T. Strip tillage width effects on sunflower seed emergence 

and yield. Soil Tillage Res. 2013, 131, 20–27. 

57. Sengupta, A.; Dick, W. Bacterial community diversity in soil under two tillage practices 

as determined by pyrosequencing. Microb. Ecol. 2015, 70, 853–859. 

58. Yang, S.; Kim, M.; Seo, Y.; Choi, K.; Lee, S.; Kwak, Y.; Lee, Y. Soil microbial 

community analysis of between no-till and tillage in a controlled horticultural field. 

World J. Microbiol. Biotechnol. 2012, 28, 1797–1801. 

59. De-Baets, S., Poesen, J., Meersmans, J. and Serlet, L. (2011) Cover Crops and Their 

Erosion-Reducing Effects during Concentrated Flow Erosion. Catena, 85, 237-244. 

https://doi.org/10.1016/j.catena.2011.01.009. 

60. Qi, Z. and Helmers, M.J. (2010) Soil Water Dynamics under Winter Rye Cover Crop in 

Central Iowa. Vadose Zone Journal, 9, 53-60. 

61. Basche, A.D., Kaspar, T.C., Archontoulis, S.V., Jaynes, D.B., Sauer, T.J., Parkin, T.B. 

and Miguez, F.E. (2016) Soil Water Improvements with the Long-Term Use of a Winter 

Rye Cover Crop. Agricultural Water Management, 172, 40-50. 

62. Folorunso, O., Rolston, D., Prichard, T. and Loui, D. (1992) Soil Surface Strength and 

Infiltration Rate as Affected by Winter Cover Crops. Soil Technology, 5, 189-197. 

https://doi.org/10.1016/0933-3630(92)90021-R. 

63. Ball, B. C., Bingham, I, Rees, R. M., Watson, C. A., Litterick, A. (2005). The role of crop 

rotation in determining soil structure and crop growth conditions. Canadian Journal of 

Soil Science, 85, 557-577. https://doi.org/10.4141/S04-078. 

64. Jankauskas, B., &Jankauskiene, G. (2003). Erosion-preventive crop rotations for 

landscape ecological stability in upland regions of Lithuania. Agriculture, Ecosystems & 

Environment, 95(1), 129–142. https://doi.org/10.1016/s0167-8809(02)00100-7. 



 

 

65. AICRPDA (2018). All India Coordinated Research Project for Dryland Agriculture. 

ICAR – Central Research Institute for Dryland Agriculture, Indian Council of 

Agricultural Research, Hyderabad, Telangana, India, pp. 304. 


