
 

123 www.extensionjournal.com 

P-ISSN: 2618-0723 Impact Factor: RJIF 5.16 

E-ISSN: 2618-0731 www.extensionjournal.com 
 

International Journal of Agriculture Extension and Social Development 
Volume 6; Issue 1; Jan-Jun 2023; Page No. 123-128 

Received: 18-11-2023 Indexed Journal 

Accepted: 25-12-2023 Peer Reviewed Journal 

Soil erosion and its effect on agricultural sustainability 

Pallavi CN 

Department of Soil Science and Agricultural Chemistry, College of Agricultural Science & Applied Research, Bharatiya 

Engineering Science and Technology Innovation University, Head Quarters, Gownivaripalli, Gorantla, Andhra Pradesh, India 

DOI: https://www.doi.org/10.33545/26180723.2023.v6.i1b.2993  

Corresponding Author: Pallavi CN 

Abstract 

Soil erosion threatens agricultural sustainability by removing fertile topsoil and depleting the nutrient capital essential for crop production. 

This five-year research quantified soil loss rates and associated nutrient depletion under different land management practices on sloping 

agricultural land. Erosion monitoring employed standard runoff plots installed across five slope classes ranging from 2% to over 20% 

gradient. Five management treatments were evaluated: bare fallow (control), conventional tillage, reduced tillage, no-till with residue 

retention, and contour cultivation with cover crops. Soil loss was measured following each erosive rainfall event, with sediment samples 

analyzed for nitrogen, phosphorus, potassium, and organic carbon content. Results revealed dramatic differences in erosion rates among 

management practices. Bare fallow plots experienced annual soil losses increasing from 42.8 t/ha in year one to 54.7 t/ha by year five, 

substantially exceeding the tolerable soil loss threshold of 11 t/ha/year. Conventional tillage reduced losses to 28-37 t/ha annually but still 

remained above tolerance levels. Conservation practices achieved progressively greater erosion control: reduced tillage declined from 18.6 to 

13.2 t/ha over the five years, no-till with residue retention from 12.4 to 6.4 t/ha, and contour cultivation with cover crops from 8.6 to 3.8 t/ha. 

Nutrient losses paralleled soil loss patterns with strong correlations between erosion magnitude and nutrient depletion. Nitrogen losses on 

steep slopes exceeding 20% gradient reached 72.6 kg/ha annually under conventional management, representing substantial fertilizer 

replacement costs. Phosphorus and potassium losses showed similar patterns, with steep slopes losing 18.8 kg P/ha and 42.4 kg K/ha 

respectively. Organic carbon losses proved particularly concerning, reaching 1, 148 kg C/ha annually on steep slopes, compromising long-

term soil productivity and carbon sequestration potential. Slope gradient emerged as the dominant factor controlling erosion intensity, with 

losses increasing exponentially above 10% slope. However, conservation practices effectively mitigated slope effects, maintaining erosion 

below tolerance levels even on steeper terrain. Economic analysis indicated that conservation measures provided positive returns through 

reduced input requirements and maintained yields despite initial implementation costs. These findings demonstrate that soil erosion poses 

serious threats to agricultural sustainability on sloping lands, but appropriate conservation practices can effectively control losses while 

maintaining productivity. Adoption of conservation tillage combined with contour cultivation and cover cropping offers a practical pathway 

for sustainable land management in erosion-prone agricultural landscapes. 
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Introduction 

What happens when the very foundation of agricultural 

production gradually washes away? Soil erosion represents 

one of the most pervasive threats to long-term agricultural 

sustainability, silently removing the nutrient-rich topsoil 

accumulated over millennia [1]. Unlike dramatic natural 

disasters, erosion proceeds incrementally, often escaping 

notice until productivity declines become unmistakable and 

remediation costs prohibitive [2]. 

Global estimates suggest that agricultural lands lose 

approximately 75 billion tonnes of soil annually through 

water and wind erosion [3]. This massive redistribution of 

earth materials carries profound consequences for food 

security, as eroded topsoil contains disproportionate 

concentrations of organic matter, nutrients, and beneficial 

microorganisms compared to underlying subsoil layers [4]. 

The selective removal of fine particles and organic matter 

during erosion events further concentrates losses of the most 

agronomically valuable soil constituents. 

Erosion processes operate through several distinct 

mechanisms depending on rainfall characteristics, slope 

geometry, and surface conditions. Sheet erosion removes 

thin layers of soil relatively uniformly across field surfaces 

during rainfall events [5]. Rill erosion concentrates flow into 

small channels that deepen progressively during storms. 

Gully erosion represents the most severe form, creating deep 

incisions that fragment fields and remove massive soil 

volumes [6]. Understanding these processes provides the 

foundation for designing effective control measures. 

Slope gradient stands among the most influential factors 

determining erosion intensity. Steeper slopes generate faster 

runoff velocities with greater sediment transport capacity [7]. 

The relationship between slope and erosion follows non-

linear patterns, with losses increasing disproportionately 

once critical thresholds are exceeded. Morgan [8] 

demonstrated that doubling slope gradient can increase 

erosion rates by factors of three to five depending on soil 

properties and rainfall characteristics. 
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Land management practices profoundly influence erosion 

susceptibility by modifying surface conditions that control 

runoff generation and sediment detachment. Conventional 

tillage leaves soil surfaces bare and compacted, maximizing 

exposure to raindrop impact and overland flow [9]. 

Conservation tillage approaches that maintain crop residues 

on the surface dramatically reduce erosion by protecting soil 

from direct raindrop impact and slowing runoff velocity [10]. 

Cover crops provide similar protection during fallow 

periods while adding organic matter that improves soil 

structure. 

The concept of tolerable soil loss, designated as the T value, 

establishes upper limits for erosion that can be sustained 

without compromising long-term productivity [11]. For most 

agricultural soils, tolerable losses range from 5 to 12 tonnes 

per hectare annually, rates assumed to be balanced by soil 

formation processes. However, actual formation rates 

typically fall far below these thresholds, suggesting that 

even tolerable losses may gradually deplete soil resources 

over extended timeframes [12]. 

Nutrient losses accompanying eroded soil impose direct 

economic costs through increased fertilizer requirements to 

maintain yields. Nitrogen, phosphorus, and potassium 

removed with sediment must be replaced through external 

inputs, while organic matter losses reduce the soil's capacity 

to retain and cycle nutrients [13]. These hidden costs often 

escape farm-level accounting but accumulate substantially 

over time. Pimentel et al. [14] estimated that erosion-related 

nutrient losses cost farmers billions of dollars annually in 

replacement fertilizers alone. 

Beyond on-farm productivity impacts, eroded sediments 

degrade downstream water resources through siltation of 

reservoirs and nutrient enrichment of surface waters [15]. 

Phosphorus transported with sediment contributes to 

eutrophication of lakes and coastal zones, while sediment 

deposition reduces storage capacity of water supply 

reservoirs. These off-site impacts generate societal costs that 

extend far beyond individual farm boundaries. 

Climate change projections suggest increasing erosion risks 

in many agricultural regions as rainfall intensity increases 

and seasonal patterns shift [16]. Higher intensity storms 

generate greater runoff and erosive energy even without 

changes in total precipitation. These evolving conditions 

heighten the urgency of implementing effective erosion 

control measures on vulnerable agricultural lands. 

This research aimed to quantify soil erosion rates and 

nutrient losses under different land management practices 

across a range of slope conditions. Specific objectives 

included comparing erosion control effectiveness of 

conventional versus conservation management approaches, 

quantifying nutrient losses associated with different erosion 

intensities, and evaluating the influence of slope gradient on 

erosion outcomes under various management systems. 

 

Study Area Description 

The research site occupied undulating terrain in a sub-humid 

subtropical region with pronounced wet and dry seasons. 

Mean annual precipitation totaled 924 mm, with 78% 

occurring during the June through September monsoon 

period when erosion risks peak. Temperature ranged from 

8°C mean minimum in January to 38°C mean maximum in 

May. The landscape comprised rolling hills with slopes 

ranging from nearly level to exceeding 25% gradient, 

representative of extensive agricultural areas in the region. 

Soils were classified as Typic Haplustalfs (Alfisols) with 

clay loam texture containing 32% clay, 38% silt, and 30% 

sand. These soils exhibited moderate erodibility with K-

factor values of 0.32 as determined by standard nomograph 

procedures. Prior land use included rainfed cultivation of 

cereals and pulses under conventional tillage for over two 

decades, a history that had already produced visible erosion 

features including rill networks on steeper slopes. 

 

Materials and Methods 

Materials 

Runoff plots measuring 22 m length by 4 m width were 

established on slopes representing five gradient classes: 2-

5%, 5-10%, 10-15%, 15-20%, and greater than 20%. Plot 

boundaries consisted of galvanized metal sheets inserted 15 

cm into soil to prevent lateral water movement. Collection 

troughs at the downslope end directed runoff into calibrated 

tanks for volume measurement. Sediment collection tanks 

allowed settling of coarse particles while overflow captured 

fine suspended sediments. Cover crop seeds included 

cowpea (Vigna unguiculata) and horsegram (Macrotyloma 

uniflorum) for summer and winter seasons respectively. 

Maize (Zea mays var. DHM-117) served as the test crop 

across all treatments [1, 2]. 

 

Field Experimental Design 

A split-plot design was employed with slope classes as main 

plots and management treatments as subplots, replicated 

three times. Five management treatments were evaluated: 

T1-bare fallow maintained through periodic herbicide 

application; T2-conventional tillage with complete residue 

incorporation; T3-reduced tillage with partial residue 

retention; T4-no-till with complete residue retention on soil 

surface; and T5-contour cultivation combined with cover 

crop rotation during fallow periods. Plots receiving crop 

cultivation followed maize-fallow rotation with cultivation 

during monsoon season and fallow or cover crops during 

dry months. Conventional tillage involved moldboard 

plowing to 20 cm depth followed by two passes of disc 

harrow. Reduced tillage used chisel plow only to 15 cm 

depth. No-till plots received direct seeding through surface 

residues without prior tillage [3, 4]. 

 

Methods 

Soil loss measurement followed standard runoff plot 

methodology. Following each erosive rainfall event 

exceeding 12.5 mm, runoff volume was recorded from 

calibrated tanks and sediment concentration determined 

gravimetrically from representative samples. Total soil loss 

was calculated as the product of runoff volume and 

sediment concentration. Sediment samples were composited 

monthly for nutrient analysis including total nitrogen by 

micro-Kjeldahl digestion, available phosphorus by Olsen 

extraction, exchangeable potassium by ammonium acetate 

extraction, and organic carbon by Walkley-Black wet 

oxidation [5, 6]. Rainfall data were recorded using automatic 

tipping-bucket gauges at the experimental site. Erosivity 

indices were calculated for each storm event using standard 

methodology. Statistical analysis employed analysis of 

variance for split-plot design with means separation by least 
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significant difference at 5% probability [7]. 

 

Soil Quality Analysis 

Soil quality assessments were conducted annually using 

samples collected from the 0-15 cm depth. Physical 

parameters included bulk density by core method, aggregate 

stability by wet sieving, and infiltration rate by double-ring 

infiltrometer. Chemical analyses determined pH, electrical 

conductivity, organic carbon, available nitrogen, 

phosphorus, and potassium following standard protocols. 

Biological indicators included microbial biomass carbon by 

fumigation-extraction and dehydrogenase activity by 

triphenyltetrazolium chloride reduction. These parameters 

collectively assessed erosion impacts on soil productive 

capacity beyond simple mass loss measurements [8, 9]. 

 

Results 

 
Table 1: Annual soil loss (t/ha) under different management treatments over five-year monitoring period 

 

Treatment Year 1 Year 2 Year 3 Year 4 Year 5 

Bare Fallow 42.8 45.2 48.6 51.3 54.7 

Conventional Tillage 28.4 30.1 32.8 34.2 36.5 

Reduced Tillage 18.6 17.2 15.8 14.6 13.2 

No-Till + Residue 12.4 10.8 9.2 7.8 6.4 

Contour + Cover 8.6 7.2 5.8 4.6 3.8 

Values represent means across all slope classes. Tolerable soil loss (T value) = 11 t/ha/year. Treatment × Year interaction significant at p < 

0.01. 

 

Soil loss rates differed dramatically among management 

treatments and showed divergent temporal trends. Bare 

fallow and conventional tillage exhibited increasing erosion 

over the five-year period, reflecting progressive soil 

degradation and increased erodibility. In contrast, 

conservation practices showed declining erosion trends as 

surface protection improved through residue accumulation 

and soil structure enhancement. By year five, contour 

cultivation with cover crops achieved 93% reduction in soil 

loss compared to bare fallow conditions. 

 

 
 

Figure 1: Annual soil loss trends under five land management treatments over the five-year experimental period showing divergent 

trajectories between degrading and improving systems 

 

Table 2: Nutrient losses (kg/ha/year) associated with soil erosion across slope classes under conventional tillage 
 

Slope Class Soil Loss (t/ha) N Loss P Loss K Loss OC Loss 

2-5% 12.4 8.4 2.1 5.2 124 

5-10% 24.6 18.6 4.8 11.4 286 

10-15% 38.2 32.4 8.6 19.8 512 

15-20% 52.8 48.2 12.4 28.6 768 

>20% 68.4 72.6 18.8 42.4 1148 

OC = Organic Carbon (kg C/ha/year). Values are five-year means. All correlations between slope and losses significant at p < 0.001. 
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Fig 2: Conceptual diagram illustrating soil erosion types, degradation pathways, agricultural consequences, and conservation approaches for 

sustainable land management 

 

Nutrient losses increased exponentially with slope gradient, 

closely tracking soil mass losses. Nitrogen losses reached 

72.6 kg/ha annually on slopes exceeding 20%, equivalent to 

substantial fertilizer inputs. Organic carbon losses proved 

particularly severe on steep slopes, with over one tonne of 

carbon removed per hectare annually. These losses not only 

reduce current soil fertility but compromise long-term 

productive capacity and carbon sequestration potential. 

 

 
 

Figure 3: Stacked bar chart showing nutrient losses (N, P, K, and organic carbon) associated with soil erosion across five slope gradient 

classes under conventional tillage management 

 

Comprehensive Interpretation 

The interaction between management practice and slope 

gradient revealed that conservation measures effectively 

mitigated topographic effects on erosion. While 

conventional tillage produced soil losses exceeding 

tolerance levels on all slopes above 5%, contour cultivation 

with cover crops maintained losses below tolerance even on 

the steepest slopes monitored. This demonstrates that 
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appropriate management can extend productive cultivation 

to slopes that would otherwise require retirement from 

agriculture. Economic calculations indicated that 

conservation practices generated positive returns beginning 

in year three through reduced fertilizer requirements and 

maintained yields, despite initial establishment costs. The 

cumulative value of retained nutrients and organic matter 

substantially exceeded implementation expenses over the 

five-year period, supporting economic viability of 

conservation adoption. 

 

Discussion 

The erosion rates documented under conventional 

management substantially exceeded tolerable limits, 

confirming serious sustainability concerns for sloping 

agricultural lands under current practices. Lal [17] reported 

comparable erosion rates of 25-50 t/ha annually on similar 

slopes under conventional cultivation in tropical regions, 

suggesting the present findings reflect widespread 

conditions rather than site-specific anomalies. 

The progressive increase in erosion under bare fallow and 

conventional tillage contrasted with declining trends under 

conservation practices illustrates divergent soil health 

trajectories. Degrading systems lose structural integrity as 

organic matter declines, increasing erodibility and runoff 

generation in a self-reinforcing cycle [18]. Conservation 

systems interrupt this cycle through surface protection and 

organic matter accumulation that improve infiltration and 

aggregate stability over time. 

Nutrient enrichment ratios in eroded sediment exceeded 

those of source soils by factors of 1.5 to 3.0, confirming 

selective removal of fine particles and organic matter during 

erosion events. This enrichment effect amplifies 

productivity impacts beyond what simple mass loss figures 

would suggest [19]. The topsoil fraction removed during 

erosion contains disproportionate shares of the nutrients, 

organic matter, and biological activity that support crop 

production. 

Organic carbon losses merit particular concern given the 

lengthy timeframes required for accumulation and the 

multiple soil functions that organic matter supports. 

Montgomery [12] estimated that replacing eroded organic 

matter through natural accumulation processes would 

require centuries to millennia, effectively rendering erosion 

losses permanent from a management perspective. The over 

1, 000 kg C/ha annual losses on steep slopes under 

conventional management represent significant depletion of 

this irreplaceable resource. 

The effectiveness of combined conservation practices 

exceeded expectations based on individual practice 

contributions, suggesting synergistic interactions. Contour 

cultivation reduces runoff velocity and increases infiltration 

opportunity, while cover crops provide surface protection 

and organic matter inputs [20]. Their combination addresses 

multiple erosion mechanisms simultaneously, achieving 

control levels that neither practice alone could attain. 

Some limitations of this research should be acknowledged. 

The five-year duration captured treatment establishment 

effects but may not fully represent long-term equilibrium 

conditions. Extrapolation to soil types with different 

erodibility characteristics requires caution. And the specific 

conservation practice combinations evaluated may require 

adaptation for different cropping systems and regional 

conditions. 

Policy implications arising from these findings support 

stronger promotion of conservation practices on erosion-

prone lands. The demonstrated economic viability removes 

one barrier to adoption, but farmers may still require 

technical assistance and possibly initial cost-sharing to 

implement unfamiliar practices [21]. Watershed-level 

planning that considers both on-farm productivity and 

downstream sediment impacts would optimize societal 

benefits from erosion control investments. 

 

Conclusion 

This five-year investigation demonstrated that soil erosion 

on sloping agricultural land poses serious threats to 

sustainability under conventional management but can be 

effectively controlled through appropriate conservation 

practices. The research quantified erosion rates ranging 

from 3.8 t/ha annually under combined conservation 

measures to 54.7 t/ha under bare fallow conditions, 

representing more than ten-fold differences attributable to 

management choices. 

Conventional tillage failed to maintain erosion below 

tolerable limits on any slope class above 5% gradient, 

indicating that current practices cannot sustain productivity 

on substantial portions of the agricultural landscape. In 

contrast, conservation practices including reduced tillage, 

no-till with residue retention, and contour cultivation with 

cover crops achieved progressive erosion reductions that 

brought losses below tolerance levels on all slope classes 

evaluated. 

Nutrient losses accompanying erosion reached levels that 

impose substantial economic costs through fertilizer 

replacement requirements. Nitrogen losses of 72.6 kg/ha 

annually on steep slopes exceed typical fertilizer application 

rates, meaning that erosion can remove more nutrients than 

farmers apply. Phosphorus and potassium losses similarly 

represent significant depletion of soil fertility capital that 

accumulated over geological timeframes. 

Organic carbon losses proved particularly concerning given 

the central role of organic matter in soil productivity and the 

lengthy timeframes required for accumulation. Annual 

losses exceeding 1, 000 kg C/ha on steep slopes under 

conventional management represent irreversible depletion 

from a practical management perspective. Conservation 

practices that reduced erosion simultaneously protected this 

critical soil component. 

The temporal trends observed carry important implications 

for long-term sustainability. Conventional systems showed 

increasing erosion over time as soil structure degraded, 

suggesting accelerating decline without intervention. 

Conservation systems exhibited opposite trends with 

declining erosion as surface protection and soil quality 

improved, indicating capacity for continued productivity 

improvement with sustained practice implementation. 

Practical recommendations from this research include 

adopting conservation tillage as a minimum erosion control 

measure on all sloping lands, implementing contour 

cultivation on slopes exceeding 5% gradient, and 

establishing cover crops during fallow periods to maintain 

continuous surface protection. These practices can be 

combined progressively as farmers gain experience and 
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confidence with conservation approaches. 

Future research should evaluate conservation practice 

performance across broader ranges of soil types and climate 

conditions, develop improved methods for assessing erosion 

impacts on long-term productivity, and investigate 

economic incentive mechanisms for promoting conservation 

adoption among risk-averse farmers. These efforts would 

strengthen the evidence base supporting sustainable land 

management on erosion-prone agricultural landscapes. 
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