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Rapid urbanization and agricultural intensification are currently impacting the soils of many tropical countries.

Bangalore is a growing megacity experiencing both issues and their derived ecological and socio-economic effects.

Fertilization increases SOC concentrations, especially when mineral fertilizer is combined with additional farmyard

manure. Single mineral fertilizer and a combination of mineral fertilizer and farmyard manure are commonly applied

in Bangalore. Conservation practices, such as reduced tillage and mulching, are applied by 48% and 16% of

households, respectively. Farm and household characteristics, including market integration, are the most important

determinants of management decisions that affect SOC.

rurality  mineral fertilization  irrigation  mulching  tillage  crop choice

1. Crop Choice and Diversification

Crop diversity is a critical factor in food security because having a variety of crops means that at least some crops

will yield despite harsh climate conditions, insect outbreaks, and other natural disasters . Patil et al.  reported

82 distinct crops in Bangalore. Among the different categories, cereals and pulses are the main crop choice for

farmers in Bangalore, finger millet and maize being the major crops. Commercial crops, such as fruits, vegetables,

fodder, and horticultural crops, complement the range . Market proximity supports the production of high-value

crops . Proximity to Bangalore city increases the likelihood of farmers choosing vegetables, suggesting that the

primary market is a main decision factor . Crop type may interact with fertilization level and water management

and may affect the quality of plant residues potentially returned to the soil . Nitrogen and lignin contents are major

determinants of decomposition rates , with N -fixing plants playing important roles in a substitution of mineral N

fertilizer. High-quality residues increase microbial anabolic activity , promoting the production of microbial

residues, thus increasing the C sequestration in soils . Furthermore, crops differing in root traits may impact SOC

dynamics via various processes, e.g., finer roots and more branched root systems as well as mycorrhiza infections

increase the aggregate stability mainly through the physical enmeshment of soil particles, which increases

resistance to soil erosion . In annual cropping systems, species with high root to shoot ratios, such as pigeon

pea and finger millet, which are traditionally grown in Bangalore, show higher contributions to SOC compared to

plants with lower root shoot ratios, such as maize . Perennial crops generally deposit more C than annual

species due to their permanent and deeper root systems, promoting the stabilization of SOC . These effects

are mainly observed in tree plantations, hedges, and agroforestry systems, such as home gardens and alley

cropping systems . However, studies of Bangalore´s perennial representatives are lacking.
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2. Application of Crop Residues and Mulching

Residue return and mulching are practices oriented toward enhancing soil quality and crop yields by increasing

SOC inputs, improving a soil’s structure and water holding capacity  while preserving soil moisture .

Depending on the quality of the residue and turnover rates, the return of nutrients by mulching may even directly

increase yields . Furthermore, mulched crop residues provide protective litter layers against erosion . Mulching

is practiced not only with harvest residues but also with tree pruning from leguminous trees and shrubs that

increase C and N inputs into the soil . Thus, legume plants are considered four times more often by tropical

agricultural studies analyzing the effects of substrate quality and nutrient release than non-legume species . In

India, mulching is preferred for fruit orchards, flowers, and vegetables rather than for traditional food crops .

Despite the potential need for and positive effects of mulch, especially in rainfed systems, its use is not frequent in

India .

In the tropics, lower C inputs into soil are partly caused by higher demands for crop residues for alternative uses,

such as livestock feeding, fuel, and fiber . This is particularly true in India where, besides livestock feeding, there

is a great demand to use residues for energy, especially for cooking . This lack of available crop residues

is a major constraint for mulch applications as it is restricted cultivation during the dry season that causes

increases in bare fallow and erosion . Thus, low yields and reduced residue returns generate negative

feedback loops with respect to SOC . In this context, a higher urban demand for crop products and land may

provide motivation to reduce bare fallow by using frequent cover crops, increasing crop productivity. In any case, all

the abovementioned factors reflect a need to identify viable supplementary sources of nutrients, measures against

soil erosion,  and viable alternative sources of fuel and fiber.

3. Use of Organic Manures and Fertilizers

Besides mulching, the application of organic manures increases nutrient cycling and C inputs into soil. Urban cattle

in Bangalore are stallfed with purchased or farm-produced concentrates, while in rural locations, during the

daytime, animals are allowed to graze on nearby vacant lands and on agricultural farmland. In both systems, dung

collections and applications in crop production are low, highlighting a need to strengthen crop–livestock links by

using back transfers of some of the products . There is also a need to more efficiently manage urban cattle

disposals that pollute water . Thus, the recycling of cattle manure will prevent water pollution and will close C

and nutrient cycles in agriculture. Green roughage is produced on a daily basis from the city environment and

green spaces, while dry roughage is often purchased weekly and stored. In addition, unused vegetable and food

wastes and compounded cattle feed or individually mixed concentrate are fed , demonstrating the trade-offs

between the crop residues used for mulching and feed. Besides the low dung return rate, a low frequency and

amount of organic fertilizer application as well may be due to utilizations for further purposes, such as energy 

. In places where the availability of farmyard manure (FYM) is a major concern due to a decline in the livestock

population, crop residues, compost, and municipal biosolids are considered alternative organic material inputs for

sustainable crop production . In India, the use of byproducts, such as press cake from the alternative biofuel

species Jatropha, has increased plant yields and SOC accumulation . Compost and biochar are potentially more
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efficient at increasing SOC storage because on top of improvements in soil quality and productivity, they are

decomposed more slowly than fresh plant residues . However, compost and biochar are less commonly

applied in India, and few studies have included comparisons between compost and other organic amendments in

relevant cropping systems , while none have included biochar. In irrigated rice-based cropping systems,

the prominent means of maintaining SOM has historically been the incorporation of green manures, animal waste,

and crop residues . Under the specific dryland conditions of Bangalore, further analyses are required to compare

the effects of different fertilizers on C sequestration.

Organic fertilizer is progressively supplemented or substituted with mineral fertilizer. An increased availability of

mineral fertilizer and subsidized prices are probably important factors increasing such applications in many regions

of the world . The application of mineral fertilizers and combinations with organic amendments are

recommended to counteract nutrient exports with harvested crops and nutrient losses during cultivations, while

increasing soil aggregations, SOC contents, and water retentions of soils . An N fertilization effect on SOC

fractions has not been observed in the short term , whereas long-term individual studies demonstrated

positive effects of N fertilization on SOC. However, the positive effects may be outweighed by negative effects due

to increased N O emissions at high fertilization levels . In nutrient-limited soils, fertilization is recommended for

sufficient plant growth with a high potential for increasing C inputs in these soils . Once a soil has improved in

quality, yields are maintained by using a smaller input of fertilizer  as there is a threshold at which plant yields

level off, despite increasing amounts of fertilizer being applied .

The potential of using manures and crop residues for short-term N provisions is limited in light of the manures’ and

residues’ low N availabilities and N contents, the latter of which are often lower than 2%, although they can provide

long-term benefits in maintaining SOM . Contrasting results observed in individual studies comparing farmyard

manure (FYM) with mineral fertilizers or combinations of the two were probably due to differing contents of

nutrients in organic manures and biotic as well as abiotic soil properties. Nonetheless, for tropical croplands,

manure applications have been some of the most successful practices for increasing SOC compared to mineral

fertilization, conservation tillage, and the application of crop residues alone .

4. Water Management

In India, approximately one third of the country’s arable land is irrigated, and increases in crop yields have been

observed after irrigation . However, access to water is limited and costly, emphasizing the importance of rainfed

agriculture. Irrigation may induce contrasting effects on C sequestration. Introducing irrigation in dryland areas can

increase C inputs  while enhancing decomposition rates. Likewise, the frequency of irrigation and intensities

of wetting and drying cycles affect the soil’s physical properties and microbial decomposition , thus regulating C

sequestration. The rapid mineralization of crop residues under optimal soil moisture conditions may explain why

systems under irrigation do not effectively increase soil organic carbon stocks . Furthermore, the effects of

irrigation interact with other management measures as irrigated crops often receive higher fertilization rates and

other chemical farm inputs with implications for soil health and the environment . However, the possible negative

effects of irrigation, such as increased erosion rates and nutrient losses, are often overlooked .
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Nevertheless, water conservation practices, such as compartmental bunding, implementing ridges and furrows,

and mulching, all increase plant yields and SOC stocks in Bangalore´s agricultural soil , maintaining the

positive effects of improved water availability on agriculture. In terms of irrigation, the adoption of efficient irrigation

techniques, such as drip irrigation, in Bangalore may be linked to crop choice decisions, while not all crops can be

drip irrigated .

The irrigation sources in Bangalore are diverse, ranging from relatively less polluted rivers and underground

sources to city wastewater . With wastewater, nutrients and organic matter are applied , but access to

water is the most limiting factor, especially for systems based on natural reservoirs that are constantly depleted 

. Despite water’s primary importance in most soil processes, published studies regarding water management

and its relation to SOC dynamics are surprisingly scarce compared to studies concerning other practices, such as

fertilization and mulching.

5. Tillage

In India and other countries in Southeast Asia, moldboard plow tillage is frequently applied in crop rotations .

Soil disruption and intensive tillage practices are classified as immediate causes of SOC declines, so reduced and

zero tillage are important mitigation practices to prevent SOC losses . Tillage alters water interception

and infiltration, soil porosity, aeration, aggregate distribution, and microclimates, increasing decomposition rates 

. Conservation tillage, leaving 30% or more of a soil’s surface with crop residue , is a good conservation

strategy enhancing soil quality, yields, and thus SOC . Zero tillage practices are defined as the complete

absence of tillage and have been demonstrated to have great potential in increasing SOC accumulations

worldwide . In maize systems, zero tillage  and reduced tillage  have presented the highest increases in

SOC. Studies about tillage’s effects on SOC in India showed increased SOC levels for reduced tillage and non-

tillage practices compared to conventional tillage in 90% of cases. Nevertheless, Powlson et al.  suggested that

increases in SOC from reduced tillage appear to be much smaller than previously claimed and can be

overestimated considering differences in the depth, bulk density, and depth distribution of SOC between tillage

treatments.
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