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Abstract 
The intensification of agriculture and climate change has created a pressing need for practices that maintain 

productivity while restoring natural resources. Cover cropping and conservation tillage are complementary 

strategies to bolster soil health, conserve moisture, reduce erosion and enhance farm resilience under 

variable weather. These practices sequester carbon, recycle nutrients, suppress weeds and stabilize crop 

yields. By fixing nitrogen or building biomass, diverse cover crops improve fertility, while minimal tillage 

preserves soil structure. This article reviews global experiences on their effects on yields, water use and 

soil quality. Key outcomes, including improved yield stability and enhanced infiltration, are discussed 

along with challenges to adoption and potential solutions. In sum, integrating cover crops with 

conservation tillage provides a practical pathway to sustainable, climate-resilient agriculture. 

 

Keywords: Cover crops, conservation tillage, climate resilience, soil health, sustainable agriculture, agro-

ecosystems, carbon sequestration, yield stability  

 

Introduction  

Climate-resilient agronomy has gained prominence in the face of rising weather extremes. In 

this context, climate-resilient agriculture refers to farming approaches that help fields endure 

variability and extreme weather while sustaining yields [1]. Historically, farmers used techniques 

similar to cover crops and reduced tillage in many cultures; modern science is now documenting 

and refining these age-old strategies. Conservation agriculture, a related concept, bundles cover 

cropping and minimal soil disturbance as key components. Modern agriculture faces a dual 

challenge: meeting growing food demand while coping with the impacts of a changing climate 

and degraded soils [2, 3]. Over-reliance on intensive tillage, monocultures and heavy chemical 

inputs has led to soil erosion, declining organic matter and reduced water quality. These trends 

leave cropping systems vulnerable to droughts, floods and extreme heat. Climate change further 

exacerbates these risks by shifting rainfall patterns, intensifying droughts and storms and 

increasing the frequency and severity of extreme weather events. 

Cover cropping and conservation tillage are two strategies at the forefront of climate-smart 

agriculture. Cover crops are plants grown primarily to benefit the soil rather than for direct 

harvest; they are often sown during fallow periods or between main crops [4]. By keeping the soil 

covered with living roots and above-ground vegetation, cover crops add organic matter, recycle 

nutrients (especially nitrogen when legumes are used), suppress weeds and reduce erosion from 

wind and water [5,12]. Conservation tillage is achieved by leaving crop residues on the surface 

and minimizing ploughing, which preserves soil structure, conserves moisture and allows 

beneficial soil organisms to thrive. Individually, cover cropping and conservation tillage offer 

substantial agronomic benefits; together, they can act synergistically to create more robust and 

productive agro-ecosystems [6]. It reviews the various types of cover crops and tillage methods 

used around the world and their primary benefits, including improvements to soil health, water 

use efficiency and yield stability under variable climates [7]. The discussion highlights outcomes 

from diverse regions and cropping systems, illustrating how context-specific adaptation of these 
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practices yields multiple benefits. Key comparisons of cover 

crop species, tillage approaches and combined strategies reveal 

how farmers can optimize practices for their conditions. Finally, 

the article outlines the main challenges and potential solutions 

for scaling up cover cropping and conservation tillage 

worldwide, providing a comprehensive view of their role in 

building climate-resilient agriculture [8]. Building climate 

resilience in agronomy aligns with sustainable development 

goals related to food security and responsible land stewardship. 

The practices examined here exemplify a shift from short-term 

extraction to long-term soil stewardship [9, 11]. Conservation 

agriculture, which includes cover cropping and minimal tillage, 

is especially highlighted as a core approach for climate-smart 

and climate-resilient food production [10]. 

 

Cover Cropping 

Cover crops are plants grown primarily to improve soil health 

between main cash crops. They include a wide range of species 

and are chosen for their ability to enhance fertility and protect 

the soil rather than for harvest. Farmers often sow cover crops 

after harvest or plant overwintering covers before spring 

cropping [13, 17]. The living cover keeps roots in the soil and the 

surface shaded, which brings many agronomic advantages. 

Cover cropping provides multiple benefits, including: 

• Increased soil organic matter: Cover crop residues 

decompose and build long-term fertility. 

• Nutrient cycling and retention: Plants such as legumes fix 

nitrogen and others scavenge leftover nutrients, preventing 

leaching. 

• Soil structure improvement: Deep roots from radish, 

turnips or grasses break up compacted layers and improve 

porosity. 

• Erosion control: A dense cover canopy shields the soil 

from wind and water erosion. 

• Moisture management: Residues mulch the surface, 

reducing evaporation and helping soils retain moisture 

during dry periods. 

• Weed and pest suppression: Vigorous covers shade out 

weeds and can interrupt pest life cycles, reducing pressure 

on subsequent crops. 

• Carbon sequestration: Living roots feed soil organisms 

and help capture atmospheric carbon in the soil. 

Cover cropping makes productive use of fallow periods. Instead 

of leaving fields bare after a main harvest, planting a cover 

(often called a green manure) recycles sunlight and rain into 

organic matter [14,15,16]. For example, farmers may sow a legume 

cover after corn harvest or seed a winter cereal after soybeans. 

In double-cropping systems (common in parts of Asia and the 

southern United States), a quick-growing summer cover like 

buckwheat or cowpea can be planted between spring and fall 

crops. In rice paddies or flooded fields, farmers may use aquatic 

covers (like Azolla fern) to fix nitrogen during fallow water 

periods [18]. 

Cover crops can significantly influence soil biology. A healthy 

earthworm population often flourishes under cover-cropped 

systems, improving aeration and nutrient cycling. Microbial 

biomass and enzyme activity increase with cover crop rotations, 

as the soil food web has more resources. Over time, these 

biological enhancements translate into better nutrient availability 

for the next cash crop and less need for synthetic fertilizer [19]. 

Quantitative outcomes can be striking: for example, soils under 

long-term cover cropping often build higher organic carbon 

stocks than ploughed soil and surface soil infiltration rates can 

double compared to tilled, fallow land [20]. 

Cover crops also serve multiple functions beyond soil 

enrichment. Some cover crop species provide forage or biomass. 

Certain mixes (e.g. oats with clover) can be grazed by livestock, 

integrating crop-livestock systems and returning manure and 

organic matter to fields. Others (like cereal rye) produce large 

amounts of straw-like residue that can be used for bedding or 

mulch [21]. Even if not harvested, cover crop biomass often finds 

use as a nutrient-rich mulch or can be chopped and spread as 

green manure [22]. 

However, if mismanaged, cover crops can compete with cash 

crops. In arid regions, a robust cover crop might exhaust soil 

moisture if not terminated with sufficient lead time before 

planting the next crop. Careful planning of cover crop planting 

and termination dates is essential to avoid such negative effects 
[23]. When well-timed, however, cover crops typically reduce the 

overall irrigation needs of the system by improving soil water 

retention. Common termination methods include mowing, 

rolling or applying herbicides and each has trade-offs for soil 

disturbance and timing [24]. 

 
Table 1: summarizes major categories of cover crops and their key agronomic benefits. 

 

Cover Crop 

Type 
Example Species/Varieties Primary Benefits Typical Use/Notes 

Legumes 
Red clover, hairy vetch, field peas, 

cowpea, sunn hemp 

Nitrogen fixation; improves soil 

fertility 

Common as winter (cool-season) or summer (warm-season) 

covers; improves yield potential for following crops 

Grasses 

(Cereals) 

Cereal rye, oats, barley, 

sudangrass, millet 

High biomass; erosion control; 

enhances soil structure 

Often used in fallow or cover mixtures; provides soil cover 

and suppresses weeds 

Brassicas 
Radish, mustard, turnip, oilseed 

radish, canola 

Deep roots break compaction; 

scavenges nutrients; biofumigation 

Improves infiltration and disrupts pests; common in 

winter/spring covers 

Broadleaf (Non-

legume) 
Buckwheat, phacelia, sunflower 

Rapid growth; nutrient scavenging; 

pollinator habitat 

Short-term spring/summer covers; provides quick ground 

cover and weed suppression 

Mixtures 

(Multi-species) 

Combinations of legumes, grasses, 

brassicas 

Synergistic benefits (e.g., nitrogen + 

biomass) 

Multi-species plantings enhance multiple functions and 

resilience 

 

Cover cropping strategies vary by region and climate. In 

temperate zones, farmers frequently plant winter cereals or 

legumes to prevent winter erosion and to green-manure fields for 

spring planting. In warmer climates, summer covers such as 

cowpea, sunn hemp or buckwheat may be planted during the off-

season [25]. In rice-growing regions, floating legumes or Azolla 

add nitrogen between rice crops. In mixed crop-livestock 

systems (common in parts of Africa, Latin America and 

Europe), cover crops are often grazed by animals, returning 

manure nutrients to the field [26]. Conservation agriculture 

programs around the world encourage regionally adapted mixes: 

for example, Australian research highlights deep-rooted ryegrass 

covers to build organic matter, while African trials emphasize 

drought-resistant legumes [27]. 

https://www.agronomyjournals.com/
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Cover crops significantly enhance climate resilience. By 

increasing soil organic matter and root density, they improve 

water-holding capacity, allowing soils to withstand dry spells. 

Their residues and root channels help rainwater infiltrate rather 

than run off, which protects against erosion from storms and 

floods [28]. Diverse cover stands moderate soil temperature 

swings, which can protect young cash crops from heat stress or 

frost. For instance, in dryland environments a winter cover crop 

can keep the soil cooler and moister than bare fallow, leading to 

better germination of the spring crop. In flood-prone climates, 

the improved structure and sponge-like effect of cover-cropped 

soils can reduce surface runoff after heavy rain [29]. 

Cover crops also improve nutrient management under climate 

stress. In warm regions where thunderstorms can leach nitrates, 

a cover crop can capture this nitrogen for later use. This not only 

boosts resilience to rainfall variability but also reduces pollution 
[30]. Cover cropping provides insurance value: fields with cover 

crops often have smaller yield losses in extreme years. For 

example, farms using cover crops have reported lower damage 

during droughts compared to bare fields, suggesting that these 

systems buffer against weather shocks [31]. 

Despite these benefits, cover cropping must be managed 

carefully. Farmers must choose species suited to local climate 

and crop rotation. The timing of planting and termination is 

important: too little growth means limited benefit, while too 

much cover can compete with the main crop for moisture in dry 

regions or delay planting in cool climates. Cover crops might 

require additional seed costs or new equipment (planters, rollers) 
[32]. Nevertheless, many farmers report that cover cropping leads 

to better soil over time. Adoption often starts on a small scale 

(testing a cover on part of a field) until confidence grows. Over 

the long term, fields under regular cover cropping typically 

show higher organic matter, lower compaction and more stable 

yields than those left bare [33]. 

Cover crops make productive use of fallow periods. Instead of 

leaving fields bare after a main harvest, planting a cover crop 

recycles sunlight and rain into organic matter [34]. For example, a 

Midwest corn farmer might seed a mixture of rye and clover 

after harvest; in India, some rice farmers grow green manure 

crops in the dry season; in Europe, sugar beet growers often sow 

mustard or vetch after sugar beet harvest. These practices show 

the versatility of cover cropping across climates and cropping 

systems [35]. 

Farmers worldwide adapt cover cropping to their systems. In the 

U.S. Midwest corn belt, cereal rye or winter wheat is commonly 

planted after grain harvest to carry cover into spring. In the 

southern U.S. and Argentina, warm-season covers like velvet 

bean or sunn hemp follow corn or cotton [36]. In Europe, mustard 

and clover mixes are typical after cereal harvest. In Southeast 

Asia, rice fields may be seeded with Azolla or Sesbania for 

nitrogen fixation. In parts of Africa, farmers are experimenting 

with cowpea or lablab during maize fallows. Each region selects 

cover crops that fit its climate and cropping calendar [37]. 

Cover crops also support climate adaptation directly. Improved 

water infiltration allows crops to succeed in seasons with lower 

rainfall. In drought-prone regions of Africa and Australia, 

integrating cover crops into fallow periods has reduced the need 

for irrigation [38]. After wildfires or heavy storms, regions from 

California to Australia have used cover cropping or cover 

residues as rapid soil stabilization measures to prevent washouts. 

In organic and low-input farms, cover crops form the backbone 

of fertility management. They often substitute entirely for 

synthetic fertilizers by capturing atmospheric nitrogen or 

recycling manure. On conventional farms, they complement 

inputs by conserving nutrients for the next crop [39]. As precision 

agriculture tools (like variable-rate seeding and GPS guidance) 

become widespread, farmers can optimize cover crop planting to 

field zones, further enhancing efficiency [40]. 

It is worth noting related strategies: perennial covers and 

intercrops. Planting clover under orchards or using nitrogen-

fixing trees in agroforestry are continuous-cover approaches that 

serve similar purposes. All these techniques share the goal of 

keeping living roots in the soil to maintain ecosystem functions 

year-round [41]. 

These practices exemplify a shift from short-term extraction to 

long-term stewardship of agricultural land. They keep active 

plant roots or residues on the field as long as possible, ensuring 

that natural processes (mulching, nitrogen fixation, mycorrhizal 

cycling) are harnessed [42]. Many long-term experiments and 

farm surveys report higher average yields under cover-cropped 

rotations, especially on marginal lands. Rather than seeking an 

immediate large yield jump, cover cropping often delivers 

steady improvements that compound year after year [43]. 

 

Conservation Tillage 

Conservation tillage refers to practices that reduce the frequency 

or intensity of soil disturbance compared to conventional 

ploughing [44]. By leaving crop residues on the surface, these 

methods help protect and build the soil. Key forms of 

conservation tillage include: 

• No-till: planting seeds directly into untilled soil while 

leaving all residues on the surface. 

• Reduced tillage: using shallow or limited tillage tools (like 

chisel plows or discs) that disturb soil less intensely than 

full ploughing. 

• Strip-till: tilling narrow strips in the field where seeds will 

be planted, while keeping the areas between rows 

undisturbed. 

• Mulch-till (vertical tillage): lightly incorporating some 

residue into the soil but maintaining a protective mulch 

layer on the surface [45].  

 

These methods share common benefits. With less soil inversion 

organic matter and surface mulch remain intact, which improves 

moisture retention and encourages soil life. Leaving residues 

reduces wind and water erosion. Over time, minimal disturbance 

allows soil structure to strengthen and soil organic carbon to 

increase [46]. Fewer passes with heavy machinery also mean 

lower fuel use and emissions. The net effects are generally 

healthier soils, better infiltration of rainfall and greater drought 

resilience [47]. 

However, conservation tillage requires new management. Weed 

control often shifts from mechanical tillage to integrated 

methods or targeted herbicides [48]. In very cold or wet climates, 

residue cover can slow soil warming or hinder planting, so 

modifications like row cleaners or planting on raised beds may 

be used. Soil type matters too: for example, sandy soils under 

no-till may require residue mulch to prevent crusting after rains, 

while heavy clays may need occasional deep ripping if a 

hardpan forms [49]. 
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Table 2: compares various conservation tillage practices, highlighting their soil and climatic impacts and typical uses. 
 

Conservation 

Tillage Practice 
Key Features Soil and Climate Impacts Typical Use/Conditions 

No-Till 
No plowing; seeds sown 

directly through residue 

Excellent erosion control; high water infiltration 

and retention; gradual buildup of organic matter; 

soil warms slowly in spring 

Widely used in rain-fed grains (corn, soybean); 

suited to moderate or dry climates; ideal for 

sloping or erosion-prone land 

Reduced Tillage 
Minimal disturbance (e.g. 

chisel plow, disc) 

Some residue remains; moderate erosion control; 

improved infiltration and root-zone structure 

Common transitional step; suits a range of soils; a 

step toward full conservation tillage 

Strip-Till 

Tilling narrow strips for 

seed rows; residue 

between rows 

Combines benefits of no-till (conservation) with a 

prepared seedbed; reduced erosion between rows; 

warms soil in the row 

Ideal for row crops (maize, cotton) in cooler or 

wetter climates where full no-till may delay 

planting 

Mulch-Till 
Incorporates some residue 

but leaves surface mulch 

Moderate erosion control and moisture retention; 

builds soil carbon more slowly than no-till 

Used where full no-till equipment is unavailable; 

suits fields needing partial tillage 

 

Conservation tillage improves soil moisture and carbon in many 

contexts. It is especially valuable on sloping land or erodible 

soils, where maintaining residue cover greatly cuts soil loss. 

Farmers balance the choice of system with their conditions [50]. 

For instance, in cool northern climates, farmers might open a 

band of seedbed (strip-till) to raise soil temperature in spring, 

while still conserving moisture elsewhere. In tropical uplands, 

no-till can prevent surface sealing after rain [51]. 

Worldwide, adoption patterns vary. North and South America 

saw large shifts toward no-till in the late 20th century. Brazil 

now plants most of its grain acreage (e.g. soy and corn) with no-

till, benefiting sandy soils and catching early rains [52]. In the 

United States and Canada, millions of hectares of corn, soy and 

wheat are managed with no-till to preserve moisture. European 

farmers tend to use a mix of reduced tillage and cover crops, 

partly due to different farm sizes and policies. In parts of Asia 

and Africa, conservation tillage is spreading through 

government programs and farmer cooperatives. For example, 

zero-till drills have been introduced in India for wheat after rice 

harvest and in parts of Africa farmers are planting maize directly 

into residues from sorghum [53]. 

Reduced disturbance often leads to cost savings. Farmers using 

no-till might require 20-50% less diesel fuel per season. They 

save labour and time by combining operations (e.g. planting and 

fertilizing in one pass) and avoiding ploughing altogether [54]. 

This also lowers greenhouse gas emissions from farm 

machinery. 

Equipment innovation continues to spread these practices. 

Modern no-till seeders can handle heavy residue and GPS 

guidance ensures precise planting with minimal overlap. Even 

simple approaches work: in many developing regions, farmers 

have practiced a basic form of conservation tillage for centuries 

by planting seeds into the prior year’s ridges or using animal-

drawn planters [55]. 

In the field, conservation tillage often goes hand-in-hand with 

crop rotation. For example, rotating corn and soy under no-till 

can break pest cycles and improve long-term soil health more 

than a single-crop system [56]. The residue from one crop 

becomes mulch for the next. This highlights that conservation 

tillage is usually implemented as part of an integrated system, 

not just a stand-alone practice [57]. 

Beyond soil retention, conservation tillage often lowers 

production costs. Farmers may spend 20-50% less time and 

diesel per hectare with no-till compared to full tillage. This also 

lowers greenhouse gas emissions from farming machinery. For 

example, eliminating plough passes saves fuel and time [58]. 

Some farmers combine conservation tillage with cover cropping 

for extra benefits. Planting a cover crop into a stubble field, 

followed by no-till planting of the next crop, amplifies the 

advantages [59]. In flood-prone areas, fields under no-till 

experience less soil crusting after rains, allowing plants to 

establish more easily. In parts of Southeast Asia, alternative 

wetting and drying in rice fields with residue incorporation can 

boost yields while conserving water [60]. 

Conservation tillage’s impact can be seen globally. In South 

America, mechanized farmers pioneered no-till in the 1990s, 

making large-scale soybean and corn production viable on 

degraded pastures. Today, countries like Argentina and Brazil 

plant most of their grain acres without ploughing [61]. In North 

America, millions of acres in the Great Plains use no-till for 

wheat and barley, improving soil moisture in arid regions. In 

contrast, densely farmed regions of Asia and Europe have mixed 

adoption. There, farmers often alternate between reduced tillage 

tools and traditional tillage. Demonstration projects in India and 

China show that even smallholder farmers can save time and 

water by skipping some plough passes [62]. 

It is important to adapt tillage to soil type; for example, sandy 

soils under no-till may require residue mulch to prevent surface 

crusting after rain. Nevertheless, long-term use of even reduced 

tillage raises earthworm counts and beneficial microbes, further 

improving soil structure and fertility over time [63]. 

 

Agronomic and Soil Health Outcomes 

Research and on-farm trials show a variety of outcomes from 

cover cropping and conservation tillage. The effects depend on 

soil type, climate and crop rotation, but several common 

findings emerge: 

• Soil organic matter increases: Cover crop and no-till 

systems consistently build organic carbon in the topsoil. 

Over years, these practices can raise organic matter 

significantly compared to conventional fallow and 

ploughing [64]. 

• Improved soil structure and fertility: Extra organic 

matter and root channels create better soil aggregation and 

nutrient cycling, often reducing the need for fertilizer over 

time [65]. 

• Greater water infiltration and retention: Residue-

covered soils absorb rainfall more effectively and hold more 

moisture, making crops more tolerant of drought. Farmers 

often observe that cover-cropped fields stay moist longer in 

dry periods and no-till fields allow rain to penetrate rather 

than run off [66]. 

• Greatly reduced erosion and runoff: With plant cover and 

stable residues, topsoil loss is minimized. This conserves 

soil and protects water quality. In many trials, erosion under 

conservation systems is far below tolerable limits, whereas 

conventional plots often exceed them [67]. 

• Yield and stability: Cover cropping often leads to modest 

yield increases in subsequent crops (on the order of a few 

percent) by improving fertility. No-till may give similar 
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yields to conventional tillage in many conditions, though it 

often performs better under stress. In fact, conservation 

practices generally yield more stable outputs, buffering 

crops against extreme weather. For example, fields with 

cover crops and no-till have maintained better yields in 

drought years than their conventionally tilled neighbours 
[68]. 

• Reduced greenhouse gas footprint: Storing carbon in soil 

and using less diesel for field work lowers agriculture's net 

emissions. Less ploughing means less carbon is released 

from soil and lower fuel use cuts CO2 emissions [69]. 

 

These points are reflected in comparative outcomes across 

systems (Table 3). Fields under conventional tillage with no 

cover generally have the lowest soil health indicators and 

highest erosion. Fields with cover crops and no-till show the 

highest soil organic matter and the greatest protection. 

 
Farming Practice Relative Crop Yield Soil Organic Matter Erosion Risk 

Conventional tillage, no cover Baseline; yields may suffer in stress years Low (baseline) High 

Reduced tillage, no cover Similar or slightly lower; better moisture retention than baseline Moderate Moderate 

No-till, no cover Comparable or slightly lower (improves over time) Moderate to high Low 

Conventional tillage + cover crop Higher than baseline (nutrient boost) Moderate to high Moderate to low 

Reduced tillage + cover crop Higher yields; soils improving High Low 

No-till + cover crop Highest yields and stability Highest Minimal 

 

Quantitative outcomes can be striking. For example, long-term 

no-till with cover crops often yields significantly more soil 

carbon than ploughed land. Surface soil infiltration rates can 

double under conservation practices, dramatically reducing 

runoff [70]. Cover crops can also capture tens of kilograms of 

nitrogen per hectare, benefiting the next cash crop. A legume 

winter cover might fix on the order of 50-100 kg N/ha, reducing 

fertilizer need. In practical terms, this can translate to yield 

boosts, for example, soybean yields might increase by around 

5% following a legume cover and corn by a few percent, even 

without added fertilizer. 

Erosion control metrics show the clearest contrasts [71]. 

Conventional tilled fields often lose most topsoil in a few heavy 

rains, whereas no-till fields with residue lose only a tiny 

fraction. In many studies, soil loss under conservation practices 

falls below natural soil formation rates, meaning the land is 

effectively rebuilding topsoil each year [72]. This translates to far 

less field damage and lower costs for flood and sediment control 

over time. 

Integration matters. Combining practices sequentially leads to 

cumulative benefits. For instance, a corn field with both a winter 

cover crop and no-till the next season tends to outperform fields 

with just one practice. Farmers often implement these changes 

gradually, for example, trying no-till on some fields first or 

planting covers on field edges until they reap the full benefits 

illustrated above [73]. 

 

Challenges and Solutions 

Despite the agronomic benefits, farmers often encounter 

challenges when implementing cover cropping and conservation 

tillage. Some are technical (timing, equipment), others economic 

or social [74]. For instance, cover crops require careful 

termination and no-till often needs specialized planters. Farmers 

may perceive short-term yield risks or face market and policy 

barriers.  

 
Table 4: lists common challenges along with strategies to address them 

 

Challenge Potential Solutions 

Lack of knowledge or technical 

expertise 
Provide farmer training, extension services and demonstration farms to share best practices. 

Equipment and input costs 
Offer cost-share incentives, subsidies or rental programs for no-till planters and cover crop seed; use low-cost 

local seed where possible. 

Limited growing season or climate 

constraints 

Choose fast-growing cover species; use cover crops in rotation or intercropped; adjust planting dates for 

climate. 

Risk of initial yield reduction Start with small field trials; gradually combine practices; emphasize long-term soil fertility payoffs. 

Weed and pest management 
Integrate cover crops that suppress weeds; adopt integrated pest management; use timely cover termination 

methods. 

Lack of immediate financial 

incentives 

Develop markets for cover crop biomass (fodder, bioenergy); include practices in subsidy programs; utilize 

carbon credit or insurance incentives. 

Soil or field limitations 
Adapt practice to soil type (e.g., strip-till on heavy clay; compaction-busting covers) and address drainage 

issues as needed. 

Land tenure issues Encourage cooperative or contract farming; support tenant-landlord cost-sharing for long-term soil health. 

Cultural and social barriers 
Build farmer networks, encourage peer learning groups and involve local leaders to demonstrate locally 

adapted methods. 

Resource constraints for 

smallholders 

Promote low-cost tools and manual techniques; provide microloans or group purchasing for equipment; tailor 

practices to small scales. 

 

Successful examples exist worldwide. In parts of North America 

and Europe, cost-sharing programs and subsidies help farmers 

try cover crops [75]. In Brazilian soybean regions, no-till became 

standard with farmer cooperatives sharing expertise. In India and 

China, government-led demonstrations have shown small-scale 

no-till for wheat after rice. International development projects 

have introduced low-cost conservation methods to smallholders 

in Africa and Asia, demonstrating that even without expensive 

machinery, the principles of minimal tillage can be adopted (for 

example, using broad-bed planting or shallow ripping) [76]. 

Policy and incentives play a major role globally. Some countries 

now explicitly reward farmers for soil-building practices. 

Agricultural subsidy programs in Europe and North America 

favour conservation tillage and cover cropping by offering 
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payments or tax incentives [77]. In the United States, programs 

like the Environmental Quality Incentives Program (EQIP) have 

helped thousands of farmers adopt cover crops by offsetting seed 

and planting costs. Several states also offer carbon farming 

programs that pay farmers for sequestering carbon in soils [78]. 

Education and community engagement are crucial. Farmer field 

days, regional workshops and demonstration plots have been 

effective in showing benefits under real conditions. Peer-to-peer 

learning where farmers share experiences with neighbours often 

overcomes cultural inertia. For instance, early adopters 

frequently become local ambassadors, teaching others how to 

succeed. Some agricultural extension services have developed 

decision-support tools for cover crop selection and no-till 

planning [79]. Economic analyses indicate that the initial 

transition often takes 2-5 years before net benefits are clear. 

Farmers who persist generally find that higher yields, combined 

with lower input costs, outweigh any early investments. For 

example, a farmer in the Midwest might spend extra seed money 

in year one but then save thousands on fertilizer and fuel in 

subsequent seasons, leading to higher profit in the long run [80]. 

Globally, overcoming socioeconomic barriers is a work in 

progress. Initiatives like “regenerative agriculture” programs and 

carbon farming certifications are aligning market incentives with 

soil health practices. Some large food companies and buyers 

encourage farmers to use cover crops or no-till as part of 

sustainable sourcing guidelines, creating new market demand. 

Crop insurance companies in some regions even offer premium 

discounts for fields managed with soil-conserving practices, 

recognizing the lower risk of extreme losses [81]. Land ownership 

and scale also matter. Renters or short-term tenants may be 

hesitant to invest in soil-building practices from which they 

won’t directly benefit. Cooperative models, land stewardship 

programs or cost-sharing with landowners can help bridge this 

gap. In smallholder contexts, simple hand tools or animal 

traction can achieve basic conservation tillage. International 

programs are increasingly translating these methods to small-

plot farming, often combining cover crops with intercropping or 

agro-forestry to suit local conditions [82]. Despite these 

challenges, momentum is growing. Organizations from farmer 

cooperatives to international agencies promote these techniques 

as nature-based solutions. Some climate policies now include 

soil carbon credits or conservation farming targets. Continuing 

research, supportive policy and collaborative innovation are key 

to overcoming hurdles and making these practices more 

accessible everywhere [83]. 

 

Conclusion 

Cover cropping and conservation tillage are powerful tools for 

building climate resilience in agriculture worldwide. By 

protecting and enhancing soil health, these practices help 

farming systems buffer against drought, heavy rains and the 

uncertainties of a changing climate. Studies and experience from 

different regions show that cover crops and reduced tillage can 

increase soil organic matter, improve moisture dynamics and 

stabilize crop yields over time. When used together (for 

example, sowing a winter cover crop and planting the next 

season’s crop with no-till), the synergy can maximize these soil 

and crop benefits. Implementing these practices at scale requires 

addressing challenges, but the long-term advantages are 

substantial. Policymakers, researchers and farmers can work 

together through education, incentives and technical innovation 

to make cover cropping and conservation tillage more 

accessible. Demonstration farms, farmer networks and extension 

programs have shown how to adapt methods to local conditions. 

In many regions, success stories from the grain belt of North 

America to the plantations of Asia illustrate the potential: 

farmers who adopt these methods often observe healthier soil 

and more consistent harvests over time.The benefits extend 

beyond individual farms. At the landscape level, widespread 

adoption reduces sediment and nutrient runoff into rivers, 

improving water quality and habitat downstream. Healthier soils 

also store more carbon and require fewer chemical inputs, 

contributing to climate change mitigation. These practices align 

with broader sustainable development goals, supporting food 

security, clean water and climate action. Looking ahead, 

research and innovation will continue to improve these 

approaches. Scientists are developing cover crop mixes tailored 

to specific climates and cropping systems and engineers are 

designing more efficient planting equipment. Farmers will use 

these tools to fine-tune practices on diverse landscapes. Already, 

where cover crops and conservation tillage have been tried, 

many farmers report positive outcomes for their soils and crops. 

In summary, cover cropping and conservation tillage exemplify 

a way of farming that works with natural processes. They are not 

a panacea, but when combined thoughtfully with crop rotation, 

pest management and efficient water use, they form the core of 

climate-smart agriculture. By sharing knowledge and supporting 

innovation, the global agricultural community can overcome 

adoption barriers. Integrating living soil cover and minimal 

disturbance into farming systems offers a practical pathway to 

more productive, sustainable and resilient agriculture. 

Ultimately, these strategies help ensure that agricultural lands 

remain fertile and productive even as climate challenges grow, 

benefiting farmers and ecosystems alike. Cover cropping and 

conservation tillage represent a paradigm shift: keeping soils 

covered with living roots and minimizing disturbance turns 

fields into resilient, living systems. With continued learning and 

cooperation across regions, these practices can play a key role in 

achieving sustainable food production in the face of climate 

change. 
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