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ABSTRACT 

Traditional agriculture in rainfed uplands of India is increasingly relegated to low crop yield as the lands 

suffer from poor soil fertility, susceptibility to water erosion and other external pressures of development 

and climate change. A shift towards more sustainable cropping systems such as conservation agriculture 

production systems (CAPS) may help in maintaining soil quality as well as improving crop production 

and farmer’s net economic benefit. Because conservation agriculture may take a decade or longer to 

realize the full benefits, there is a need to identify shorter-term indicators in order to assess performance 

and techno-economic feasibility of CAPS before making long-term recommendations.  

This research assessed the effects of CAPS practices in upland areas of Odisha, India. Reduced tillage, 

intercropping, and cover cropping were explored singly and in combination at a research station over 

three years. The first study focused on crop yield, system productivity and profitability through a) maize 

equivalent yield, and b) dominance analysis. Results showed that minimum tillage combined with maize-

cowpea intercropping followed by mustard residue retention had higher system productivity and net 

benefits over traditional system. The second study assessed soil quality by calculating an index composed 

of measurements of physical, chemical and biological properties. It was found that among measured soil 

parameters, water stable macro-aggregates, labile carbon (C), total soil nitrogen (N), C: N, extractable 

nitrate, and potentially mineralizable nitrogen best reflected changes due to CAPS. The soil quality index 

was highest under minimum tillage combined with maize cropping followed by horse gram residue 

retention. Finally, the effect of CAPS on soil organic matter pools was assessed through a fractionation 

procedure combining size and density. The light particulate organic matter (POM) fraction was the most 

sensitive to CAPS with its greatest increase under mustard residue retention.  

Given the use of familiar crops and technologies and the magnitude of yield and income improvements, 

these CAPS should be acceptable and attractive for smallholder farmers in the area. Moreover, the ability 

to simultaneously increase yield, diversify crop production and improve soil quality should support a 

move towards sustainable crop intensification to meet future household income and nutritional needs.  
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Chapter 1 

Introduction 

 

1.1. Introduction 

1.1.1. The need for resource-conserving agriculture  

More than 50 years after the start of the Green Revolution, increasing population growth in many 

developing countries continues to make achieving food security a challenge. There appears to be no 

alternative but to increase agricultural productivity to meet future food demand and to alleviate poverty 

and hunger. However, agricultural intensification to increase crop production has had negative effects on 

natural resources such as surface and ground water pollution, sinking of ground water levels, water 

logging and salinization of irrigated land, soil erosion, increasing pest resistance and resurgence, loss of 

biodiversity and ecosystem services. These negative effects are especially pronounced in marginal crop 

production areas, where intensification practices have sometimes failed to sustainably increase crop 

yields. This realization has shifted the agricultural movement towards sustainable crop intensification that 

optimizes productivity while conserving and even enhancing natural resources. Even though an increased 

food supply is integral to eliminating hunger, malnutrition and poverty, it alone cannot solve the problem. 

It is perhaps more important that we ensure people have access to the technology, knowledge and 

purchasing power necessary to produce the food they need.  Of the developing world’s 5.5 billion people, 

3 billion (nearly half of the entire world’s population of 7 billion) live in rural areas. Of these rural 

inhabitants, an estimated 2.5 billion are in households involved in agriculture, and 1.5 billion of these are 

in smallholder households (World Bank, 2008 and Herren, 2010). Poor farmers need low-cost and readily 

available technologies and practices to increase both local food production and their income.  

In India specifically, there are several other key issues besides poverty and malnutrition.  One of the most 

pressing is the limited future for expansion of irrigated areas.  Even though India's agricultural growth has 

been sufficient to move the country from the severe food crises of the 1960s to aggregate food surpluses 
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today, most of the increase in agricultural output over the years has taken place under irrigated conditions. 

However, opportunities for continued expansion of irrigated areas are limited due to unsatisfactory 

performances of formal large canal systems, the massive public investment required in building the 

infrastructure of efficient irrigated systems, corruption in the construction process, and acknowledgement 

of the environmental impacts of irrigation projects (FAO, 2009).  Thus, future productivity increases must 

largely come from rainfed agriculture.  Despite a historic bias towards irrigated agriculture in terms of 

research and infrastructure development, rainfed agriculture has always been an important part of the 

agricultural sector (Kerr, 1996). Rainfed agriculture in India currently accounts for about two-thirds of the 

total cropped area and nearly half of the total value of agricultural output. Nearly half of all food grains 

are grown under rainfed conditions, and hundreds of millions of the rural poor depend on rainfed 

agriculture as the primary source of their livelihoods.  This is a major concern because nearly 20% of an 

estimated 450 million smallholders operating farms of less than 2 ha in size worldwide are in India 

(Nagayets, 2005). However, farming without the aid of irrigation leaves farmers vulnerable to erratic or 

unpredictable rainfall, creating risk and yield uncertainty (Kerr, 1996).  

Under India’s current rainfall pattern, most rain occurs during a few months as part of the monsoonal 

cycle. These rain events tend to be intense with strong erosive force. At the same time, agricultural land is 

often open to unrestricted grazing during the prolonged dry season.  This leaves little plant cover making 

fields highly vulnerable to accelerated erosion, especially on sloping lands. As a result, crops fail, yield 

becomes uncertain, and relative land productivity decreases, ultimately affecting livelihoods of many poor 

and marginalized farmers.  

This precarious food situation is especially dangerous in a country such as India, in which 260 million 

people live below the poverty line (Ansari and Akhtar, 2012). Of these, 75% live in rural areas and are 

totally dependent on agriculture and produce much of what they eat. Small land holdings and their low 

productivity, along with uncertainties in rainfall patterns, increases economic and social risks for these 

farmers. This increased risk reduces their capacity and willingness to make investments in the farm 
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system improvements associated with the Green Revolution, such as purchasing improved crop variety 

seeds, labor-saving equipment like tractors, and fertilizers. With degraded soils and unreliable weather 

patterns, return on investment is uncertain and likely to be much lower overall than under irrigated 

conditions with better soils.  

1.1.2. Tribal farming situations in Odisha, India    

Though the region is rich in natural resources, the central Indian tribal belt (also known as the poverty 

belt) is a typical rainfed area facing challenges due to geography, traditional subsistence agriculture, poor 

irrigation infrastructure, dismal extension services and lack of agricultural education within tribal 

communities (Phansalkar & Verma, 2004). India has as many as 427 tribal communities, second only to 

the continent of Africa. India’s tribal communities, including the state of Odisha, are concentrated in the 

central and northeast regions, with 62 recognized tribal groups totaling 8.15 million people (Fig. 1.1). 

These tribal communities are spread among 30 administrative districts, six of which are considered fully 

tribal with more than half of the area’s total population comprised of tribal people. Keonjhar is one of 

Odisha’s districts with a large proportion of tribal communities (56%). Keonjhar is one of the most poorly 

developed areas of the state with tribal literacy rate of approximately 25% (Sahoo, 2011). Each tribal 

village in the district consists of average 65 households with more than 90% of the population dependent 

upon agriculture. Average farm size is less than one hectare. Upland agriculture in this area is 

predominantly rainfed with low crop yields due to poor soil fertility and productivity, poor soil moisture 

retention, susceptibility to water erosion and other external pressures of development and environmental 

conflicts of climate change (SMARTS, 2009). Most of the staple crops, such as local varieties of rice 

(Oryza sativa L.) and maize (Zea mays L.), are consumed by the farm household, with small surpluses 

and fruits and vegetables from backyard gardens sold in local markets.  

Agricultural cropping history of the area indicates growing of maize and finger millet (ragi) during rainy 

season in un-irrigated uplands with poor management practices since 1950-51 (Department of Agriculture 

Odisha, personal communication). Subsequently most of the finger millet growing areas were diverted to 
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maize through introduction of a centrally sponsored scheme called ISOPOM (Integrated Scheme of 

Oilseeds, Pulses, Oil palm & Maize) in 2003-04. Currently, the predominant upland crop in this tribal 

region is maize, grown during the rainy season (June to September), followed by mustard (Brassica 

juncea L.), an oilseed grown in the post-rainy season (October to January) only if residual moisture is 

available. Fields are cross-plowed two to three times prior to sowing. Seeds of local, open-pollinated 

maize varieties are broadcast sown on the fields at the anticipated start of the rainy season (i.e. mid-June). 

Hoes and hand-weeding are used to control weeds. Uncomposted farmyard manure is added in piles to 

fields once before the land preparation and is not actively incorporated into the soil. These levels and 

types of inputs are recognized as insufficient to meet crop demands and replace nutrients lost in harvested 

yields (Wang et al., 2009). No pesticides are generally used for maize, and approximately 90-100 days 

later, the maize is harvested. The field is plowed again in preparation for sowing of mustard. As with 

maize, seed from local varieties is broadcast sown onto the fields with one weeding but no additional 

FYM application. Leaves of young mustard plants are harvested occasionally as a leafy vegetable for 

home consumption. The entire plant is harvested 90-100 days after sowing. After the mustard harvest, 

fields are generally left fallow for the remainder of the year but are subject to unmanaged grazing by 

livestock. Deep tillage along with high intensity rainfall and no residue cover makes the land vulnerable 

to accelerated erosion during the rainy season. All crop residues are generally used for fuel, and, prior to 

this study, there had been no legume cultivation in the fields for at least 40 years.  
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Under such conditions, intercropping systems such as introducing legumes into an existing single 

cropping system has been reported to have several benefits (Jaganathan et al., 1974; Kalra and Gangwar, 

1980), which include stability of production, insurance against crop failure, better resource use and 

income, and employment generation (Rao and Willey, 1980; Koshta and Karanjkar, 1986). On the basis 

of crop growth morphology and duration, Herrera and Harwood (1973) suggested a variety of crop 

combinations, consisting of cereals and legumes such as maize and cowpea for intercropping. Cereals and 

legumes of varying maturity are used to ensure efficient utilization of above and underground resources 

irrespective of rainfall conditions (Ofori and Stern, 1987). Maize seems to dominate as the cereal 

component and can be combined with many different legumes like pigeon pea, mung bean and cowpea 

(Remison, 1980). Besides these, other cultural factors such as plowing and residue management play an 

important role in sustainable crop management. Among many sustainable cropping systems, conservation 

agriculture is the one that helps in reversing soil degradation and improving crop production as well as 

socio-economic condition of the smallholder farmers.  

 

Figure 1.1. Location of Keonjhar district 

(highlighted) in State of Odisha, India 

(coordinates: 21.633
0
 N 85.6

0
 E)  

Source: www.mapsofindia.com 
 



6 
 

1.1.3. Definition and description of conservation agriculture 

Conservation agriculture (CA) strategies and practices have been developed and promoted to reduce risk 

and improve natural resource conditions, as well as address the combination of low yields, production 

risks and poor natural resource conditions typically seen in developing tribal areas such as Odisha.  

According to the United Nations Food and Agriculture Organization (FAO), CA is an approach to 

managing agro-ecosystems for improved and sustained productivity, increased profits and food security 

while preserving and enhancing the resource base and the environment. It is based on enhancing natural 

biological and ecological processes above and below ground. Interventions such as mechanical soil tillage 

are reduced to an absolute minimum, and the use of external inputs such as agrochemicals and nutrients of 

mineral or organic origin are applied at an optimum level and in a way and quantity that does not interfere 

with or disrupt biological processes (FAO, 2008). Conservation agriculture is characterized by three 

linked principles, namely: 

1. Continuous no or minimal mechanical soil disturbance (i.e. no-tillage and direct sowing or 

broadcasting of crop seeds or direct placing of planting material in the soil; minimum soil 

disturbance from cultivation, harvest operation or farm traffic); 

2. Permanent organic soil cover, especially from crop residues and cover crops; 

3. Diversified crop rotations in case of annual crops or association of plants in case of perennial 

crops, including a balanced mix of legume and non-legume crops. 

While CA principles are universal, implementation must obviously be adapted to local agro-ecological 

conditions and farmer capabilities and preferences. Currently, CA is being practiced on over 105 million 

ha world-wide with some farms practicing it for 30 years and more (Friedrich et al., 2012). CA has been 

reported to reduce production costs, increase water use efficiency and improve yields (FAO, 2002; 

Hobbs, 2007; Ernstein et al., 2008, Govaerts et al., 2009; Kassam et al., 2009; Wall, 2009; Thierfelder and 

wall, 2010). Since improved crop varieties are generally compatible with CA practices, long-term yields 

in CA systems are comparable with conventional intensive tillage systems (FAO, 2011). The loss of 
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tillage to reduce weed presence and aerate soil is offset by improved soil quality. With reduced tillage and 

higher organic soil cover, soil structure and structural integrity increase, resulting in higher water 

infiltration and thus, lower runoff and erosion (Tisdall and Oades, 1982; Six et al., 2000; Bronick and Lal, 

2005). Increased soil organic matter improves soil water- and nutrient-holding capacity, and water and 

nutrient use efficiency, increasing the capture and availability of these resources, and increasing the 

efficiency of crop fertilizer uptake (Ladd etal., 1977; Carter 1992; Graham et al., 2002; Lal, 2002). Crop 

rotations and diversification reduce nutrient depletion and break up pest and disease cycles, improving 

overall crop and soil health (Sturz and Christie, 2003; Six et al., 2004; Denef and Six, 2005). These 

improvements in various production factors result in long-term yield increases. In areas where the actual 

yield levels of tillage-based systems are low compared to the genetic and agro-ecological potential of the 

crops, the changeover to CA often results in yield increases even in the short-term (Lal, 1986; Vogel, 

1993). Thus, ideally CA achieves sustainable crop intensification by improving natural resource quality 

and reducing farmers’ risks. 

Conservation agriculture systems also tend to be better suited for smallholder and resource-poor farmers. 

Labor requirements are reduced by about 50% as the generally male-driven heavy work of soil tillage is 

reduced. This also reduces the need for heavy machinery and implements to turn the soil (Bishop-

Sambrook, 2003) which is particularly appropriate for resource poor farmers living on sloping hills. The 

labor savings can then be devoted to other tasks, including off-farm employment. Crop diversification 

with intercropping and rotation helps in improving nutritional security of the farm families and reduces 

the risk of total crop failure in unfavorable or erratic weather. Increased water and nutrient use 

efficiencies reduce the need and thus costs for irrigation and fertilizers. Better crop health reduces the 

need for pesticides. Thus, there should be long-term benefits to food security and agricultural income for 

farmers and rural communities. 

Conservation agriculture is thus best conceptualized as an integrated production system that is universally 

applicable but locally adapted to achieve sustainable crop production. Careful consideration of farmer 
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capabilities and preferences is just as important as understanding the production capabilities of the agro-

ecological system. This study utilized this concept of conservation agriculture production systems 

(CAPS) to develop strategies and practices to address food production and livelihoods in a rural, tribal-

dominated region of India.  Baseline survey among the tribal farmers of the villages indicated no previous 

record of conservation agriculture. Therefore, an on station research trial through different CAPS was 

started in order to assess the effect of treatments on posed problems of environmental degradation, food 

security and economic livelihood.  

1.1.4. Overall research objectives and hypothesis 

The goal of this research was to assess the performance and techno-economic feasibility of conservation 

agriculture production systems (CAPS) in maize based rainfed upland agriculture of Odisha. In order to 

achieve this, the research was further subdivided into three general objectives: 

1) Assess the effect of CAPS on crop yield, system productivity, and economic profitability; 

2) Investigate impact of  CAPS on individual soil properties and overall soil quality; 

3) Characterize soil C storage in relation to size and density fraction classes to estimate the short 

term effect of CAPS management regimes on various soil organic matter pools. 

Considering the short term study period, the hypotheses addressed by this study were: 

1) Reduced tillage combined with maize cowpea intercropping followed by residue retention will 

increase the system productivity and net economic gain; 

2) Components of CAPS especially cover crop residue management will have positive impact on 

most of the soil properties and soil quality; 

3) Addition of fresh organic matter through residue retention of cover crops will increase the light 

particulate organic matter pool; thereby will act as an early indicator of management induced 

change.  
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1.1.5. Structure of the dissertation 

This dissertation chapter comprises five chapters: 

Chapter 1 titled “Introduction” focuses on overall research background, problem statements, objectives 

and hypotheses. 

Chapter 2 titled “Effect of maize based conservation agriculture production systems (CAPS) on crop 

yield, system productivity and profitability under rainfed uplands of India” focuses on 

crop yields, total system productivity in terms of maize equivalent yield and crop production 

economics through dominance analysis. 

Chapter 3 titled “Effects of tillage, cropping system and residue retention on soil properties and 

overall soil quality under maize based farming systems of India” focuses on impact CAPS 

on various soil physical, chemical and biological soil properties and includes their 

interpretation and scoring to calculate a soil quality index. 

Chapter 4 titled “Short term effects of tillage, cropping system and residue retention on soil organic 

matter fractions” focuses on evaluating the effect of CAPS on mass and carbon recovery 

dynamics of various soil density and size fractions. 

Chapter 5 titled “Conclusion” includes the prospects of CAPS adoption based on above three objective 

results and a modeling approach as future research.   
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Chapter 2 

Effect of maize based conservation agriculture production systems (CAPS) on crop yield, 

system productivity and profitability under rainfed uplands of India 

 

2.1. Introduction 

2.1.1. Significance of rainfed agriculture in India 

Rainfed agro-ecosystems, the purported grey patches untouched by the Green Revolution or most 

technological advances, occupy a prominent position in Indian agriculture. Since productivity of the 

country’s irrigated areas has almost reached a plateau, future growth in farm productivity will likely come 

from rainfed agro-ecosystems. The rainfed zones of India, having annual rainfall ranging from 500-1500 

mm, constitute 56% of the total cropped area in the country (Kumar et al., 2011). Calculations based on 

rainfall distribution pattern and soil type showed that even if the full irrigation potential of the country is 

realized, 50% of the net sown area will remain rainfed.  

Cropping intensities and crop yields are low and unstable in rainfed areas due to unpredictable 

patterns of rainfall, a host of biotic and abiotic stresses such as disease and pest infestation, drought, 

flood, extreme temperature, poor soil conditions and adherence to traditional farm practices. Despite these 

challenges, rainfed agriculture supports 40% of India’s population, and its production contributes 44% to 

the national food basket (CRIDA, 2003). Due to an increasing population, per capita land availability in 

rainfed areas is expected to decrease from 0.28 ha in 1990 to less than 0.10 ha by 2025 (CRIDA, 2003). 

The demand for food will continue to rise, however, necessitating higher productivity from rainfed 

regions. This emphasizes the critical importance of rainfed agriculture for food security and the Indian 

economy to meet the needs of a growing population (Katyal et al., 1996).  

Of the 85 million hectares of rainfed cultivated area in India, about 78% is located in eastern India. 

Low and unstable yields are mainly due to the erratic and inconvenient onset of southwest monsoon rains. 
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This can result in moisture stress during critical crop growth periods, leading to drastic yield reductions 

(Kar et al., 2004; Jat et al., 2005). Under these conditions, crop and varietal diversification with crops 

tolerant of drier conditions, like maize (Zea mays L.), black gram (Phaseolus mungo), cowpea (Vigna 

unguiculata L.) and sesame (Sesamum indicum), may be the best option for farmers to manage the risk of 

drought and ensure a reasonable yield and income (Vittal et al., 2002). Among these options, maize is one 

of the most versatile emerging crops, having wider adaptability under varied agro-climatic conditions.  

2.1.2. Maize based production systems in small holder farming situations of Odisha, India 

The state of Odisha, located in the eastern part of India, has 2.62 million hectares (ha) of maize 

growing area with production of 6.08 million metric tons (mt), resulting in an average productivity of 

2,321 kg ha
-1

 (Odisha Agriculture Statistics 2011-12, 2012). Nationally, maize is cultivated on 8.78 

million ha, with production of 21.76 million mt and average yield of 2,478 kg ha
-1

 (Indian Agriculture 

Statistics, 2011-12). In Odisha, maize is cultivated primarily in interior districts such as Keonjhar (27,580 

ha), Koraput (18,650 ha), Kandhamal (16,900 ha), Kalahandi (16,640 ha), Mayurbhanj (13,120 ha) and 

Gajapati (10,770 ha), predominantly populated by tribal ethnic groups. Maize is a staple tribal food crop 

and amounts to 7.4% of the state’s total food consumption. These tribal communities constitute 23% of 

total state population (Census-2011) and are mainly comprised of resource poor small holder (<1 ha) 

farmers with more than 90% of the population depending on agriculture. Upland agriculture in these areas 

is predominantly characterized by maize monocropping. Continuous cultivation of local, low-yielding 

maize varieties has resulted in significant declines in soil fertility due to excessive mining of plant 

nutrients from soil; rapid loss of fertile topsoil due to water erosion in the beginning of the monsoonal 

rainy season; traditional cultivation practices, such as intensive tillage (plowing land three times before 

sowing); unbalanced nutrient management (only application of farm yard manure); and no residue 

management practice. The majority of soils in this tropical agro-ecological zone are weathered, acidic, 

coarse-textured, erodible and low in organic matter and chemical fertility. Aggregates of such soils are 
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weak; they lose productivity quickly and do not sustain adequate water and nutrients for sustainable 

production under current management practices (Roy et al., 1981).  

2.1.3. Conservation agriculture: definition and its potential benefits 

One approach to minimize soil and other natural resource degradation and to achieve sustainable crop 

production is to adopt a set of crop-nutrient-water-land system management practices, such as 

conservation agriculture (CA). Conservation agriculture can be defined as “a concept for resource-saving 

agricultural crop production that strives to achieve acceptable profit together with high and sustained 

production levels while concurrently conserving the environment” (FAO, 2010). The three key tenets of 

CA, as defined by the Food and Agricultural Organization of the United Nations are: 

 minimum soil disturbance; 

 Permanent soil cover with living or dead plant material; 

 Diversified crop rotations and association with leguminous crops. 

The first key principle, practicing minimum soil disturbance, is essential to reduce turnover of soil 

organic matter, enhance soil aggregation, and reduce soil erosion. There are reports of minimum tillage 

decreasingsoil bulk density, soil compaction, and increasing infiltration, and water retention capacity 

(Bishop-Sambrook, 2003, Bhattacharya et al., 2006, Besconca et al., 2006). Other benefits include 

improved infiltration of rain water into the soil, increased water availability in plants, reduced surface 

runoff and improved ground water recharge (Bhale and Wanjeri, 2009). Besides these, reduced surface 

cultivation reduces farming energy requirement and overall farming costs including labor, an important 

aspect for resource poor tribal (Joshi, 2011). 

The second tenet of CA, permanent organic soil cover (especially by crop residues and cover crops), 

protects soil against the harmful effects of rain, such as the splashing effect of raindrops, thereby 

controlling soil erosion. Crop residues can be used as mulches to cover the soil, which in turn increases 
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water filled pore space (Karlen et al., 1994). Results of a recent meta-analysis confirmed sequestration of 

carbon (C) in agricultural soils through inclusion of cover crops in cropping systems (Poeplau and Don, 

2015). Similarly, according to FAO (2010) reports, cover crops provide humus that mitigates temperature 

and reduces surface runoff, thereby maintaining soil quality for sustainable crop production. 

The third main facet of CA is the practice of diversification in association with leguminous crops. 

Legumes are regarded as a critical component of conservation agriculture (Meyer, 2010) as they can 

quickly cover the soil surface and reduce erosion (Giller and Cadish, 1995), suppress weeds (Liebman 

and Dyck, 1993), and improve the efficiency of land use by providing legume yield as an additional gain 

along with the main crop produce (Morris and Garrity, 1993). Furthermore, legumes contribute to soil 

nitrogen (N) cycling through biological N2 fixation (Rusinamhodzi et al., 2006) and with extensive root 

growth to deeper soil layers facilitate in better nutrient cycling and water infiltration (Hobbs et al., 2007). 

The mixing of cereal and legume residue in a crop association could potentially reduce the C: N ratio, 

thereby avoiding temporary N immobilization. They are also preferred by smallholder farmers in the 

tropics above green manures and cover crops as they ensure food security, provide an additional food 

source and increase income (Giller, 2001). In general, cereal-legume intercropping appears to be a useful 

component of ecological intensification (Doré et al., 2011), an approach to produce more food per unit 

resource to achieve positive social outcomes without negative effects on the environment (Cassman, 

1999; Hochman et al., 2013). Increases in soil quality and sustainable crop yield through CA often take 

years to develop, so interventions that provide short-term improvements, such as cereal-legume 

intercropping, should be included to satisfy the needs of resource-poor farmers (Giller et al., 2009; 

Gilbert, 2012). 

Given the obvious variability of agro-ecological environments, cropping systems, and farmer 

capacities and preferences, there is not a single set of CA practices that applies worldwide. Therefore, 

successful introduction of CA depends upon adapting and tailoring the basic principles to the local 

context. The concept of conservation agriculture production system (CAPS) is intended to develop locally 
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relevant and preferred CA systems to ensure they are effective in meeting production and conservation 

goals as well as being acceptable to producers and consumers in local markets. As maize is the staple crop 

in tribal areas of Odisha, a maize-based CAPS is needed to improve agronomic, environmental, and 

socioeconomic sustainability in these areas.  The objective of this study was to investigate the effects of 

different maize based CAPS on crop yield, system productivity, and profitability in a rainfed low-input 

region of Odisha, India. 

2.2. Materials and methods 

2.2.1. Experimental site 

A field experiment was conducted in rainfed uplands at the Regional Research and Technology 

Transfer Station (RRTTS) (85˚ 34’ 30.61” E, 20˚ 50’ 55.38”N; 499m above mean sea level) of Orissa 

University of Agriculture and Technology (OUAT) in the Keonjhar district, Odisha, India over three 

cropping cycles, from 2011-14. The soil of the study site is mainly developed from colluvial-alluvial 

deposits in piedmont plain with soil texture ranging from sandy clay loam to sandy loam with pH (6.5) 

and classified as Fluventic Haplustepts (Inceptisol). The basic soil characteristics of the experimental site 

for (0-20) cm soil depth, measured just before laying out the field in 2011-12 were; total carbon 1.86%, 

total nitrogen (N) 0.2%, available phosphorous (P) 15.8 kg ha
-1 

(Olsen’s P) and available potassium (K) 

341.8 kg ha
-1 (Ammonium acetate flame photometry method). The climate of the study area is sub-

humid tropical with average annual rainfall of 1500 mm, with more than 75% of the rainfall received in 

the months from May to September (Fig. 2.1). The usual cropping system of the study site is maize 

during the rainy season (mid June-September) followed by mustard (Brassica campestris L.) as a post-

rainy season crop (October-January).  
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Fig. 2.1. Mean monthly rainfall (a) and mean monthly maximum and minimum temperature (b) during 

cropping periods of 2011-12, 2012-13, and 2013-14. 
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2.2.2. Selection of CAPS treatments 

A set of conservation agriculture production systems (CAPS) practices were selected based on 

discussions with farmers, researchers, and extension personnel regarding their tillage and crop preference, 

past cropping history of the area, market demand, other threats and challenges (Lai et al., 2012). In order 

to reduce soil erosion, a  minimum tillage method of plowing once before planting was proposed as an 

alternative to the conventional practice of plowing three times. Again, because of the central importance 

of maize as a food staple and the limitation of land for rotation, an intercropping rather than crop rotation 

option was selected. Cowpea (Vigna unguiculata L.) was considered suitable as an intercrop as it is a 

legume and will help in biological nitrogen fixation; has a high market value (twice that of maize); and 

local farmers have had some previous experience with growing and selling it. In order to address the 

cover crop and residue management principle, horse gram (Macrotyloma uniflorum) was selected as an 

alternative post-rainy season monocrop in addition to mustard. Horse gram was the preferred cover crop 

option as it provides economic yield as well as acts as a legume soil cover. Both horse gram and mustard 

grow reasonably well on residual soil moisture and mature better with dry weather during the late 

vegetative and reproductive stages (i.e., during January).  

  

2.2.3. Experimental design and layout 

The experiment was initiated in May 2011. The experimental design was a randomized complete 

block, split-plot design with three replicates, one per block (Fig. 2.2).  Each plot dimension was 10.2 m in 

length × 7.2 m in width. Tillage and cropping system were the main plot treatments, and cover crop 

selection was the split-plot treatment. The main plot treatments compared four management practices: 

conventional tillage with maize cropping (CT-M); conventional tillage with maize-cowpea (Vigna 

unguiculata L.) intercropping (CT-M+C); minimum tillage with maize cropping (MT-M); and minimum 

tillage with maize cowpea intercropping (MT-M+C).  Conventional tillage consisted of plowing the field 

with a bullock- drawn plow. A single pass of the plow was done during the pre-monsoonal rains, a few 

days to weeks prior to the expected heavy monsoonal rains. After the onset of monsoonal rains, the field 
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was cross-plowed, meaning two complete passes were made, with the second pass perpendicular to the 

first. Though farmers’ normal practice is to broadcast maize seed throughout the plot, this study used line 

sowing of maize seed to maintain consistency with the minimum tillage treatment. Minimum tillage 

consisted of a single plowing prior to sowing followed by strip-tilling rows with hand-held hoes to sow 

maize seed. Hand-weeding with hoes occurred several times afterward in both the tillage systems. After 

harvest of maize and cowpea, the plot was prepared by strip-tilling rows with hand held hoes for planting 

of cover crops. Each plot was split into thirds and randomly assigned to one of three cover crop 

treatments: no cover crop i.e. fallow (F), mustard (Brassica campestris L.) as cover crop (Mu), and horse 

gram (Macrotyloma uniflorum) as cover crop (H).  

 Fig. 2.2. Layout of the experimental plots under CAPS management regime  

(CT-M: conventional tillage-sole maize cropping; CT-M+C: conventional tillage-maize cowpea intercropping; MT-

M: minimum tillage-sole maize cropping; MT-M+C: minimum tillage-maize cowpea intercropping;  

R1, R2, R3: represent replications of the experiment) 

 

2.2.4. Selection of crop varieties and calendar of agricultural operations 

For sole cropping of maize, seed of the ‘Nilesh’ variety were hand-sown in rows at a density of three 

seeds per meter (m). Row spacing was 60 cm, resulting in 17 rows of maize per plot and an expected 

plant density of 408 maize plants plot
-1

 (55,555 plants ha
-1

). Ten days after maize sowing, plots were 

hand-weeded with hoes in the inter-row spaces. In the intercropped scenario, cowpea seeds of variety 

‘Hariyalli Bush’ were planted in the disturbed soil at a density of six seeds m
-1

. With 16 rows plot
-1

, this 
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resulted in an expected density of 768 cowpea plants plot
-1

 (1,04,575 plants ha
-1

).  Maize was harvested 

approx. 90 days after sowing. Because cowpea is an indeterminately flowering and fruiting crop, 

harvesting of mature seed pods began approx. 40 days after sowing and continued until 60 days.  

After final harvest of both maize and cowpea, crop residues were left as such in the fields, and the 

plot was prepared by strip-tilling rows with hand held hoes for planting of cover crops. Each plot was 

split into thirds and assigned to one of three cover crop treatments: no cover crop (fallow), mustard as 

cover crop, and horse gram as cover crop (Fig. 2.2). The mustard variety ‘Parvati’ and horse gram variety 

‘Athagada Local’ were line sown at a density of 10 seeds m
-1

 with 24 rows per plot, which resulted an 

approximate density of 768 plants plot
-1

 (333,333 plants ha
-1

). The crops were harvested approximately 75 

days after sowing. After threshing, all residues were returned back to their respective plots.    

2.2.5. Crop harvest and yield estimation 

Yield measurements of maize, mustard and horsegram grains were done after harvesting and 

threshing the crops at crop maturity. Grain yield of these crops are reported at 12% grain moisture 

content. Cowpea green pods were picked manually at 7-day intervals, and their fresh weight after each 

harvest was recorded. Grain and stover yields of the crops were determined by harvesting three areas in a 

1 × 1 m grid cell within each plot. To estimate the effect of CAPS on total system productivity, yields of 

all non-maize crops were converted to maize equivalent yield based on market prices using Eq. (2.1). The 

market prices were collected from local farmers' markets during 2011-12, 2012-13 and 2013-14. 

MEY (kg ha
-1

) = Crop yield (kg ha
-1

) × Crop price ($ kg
-1

) / Maize Price ($ kg
-1

)                           [Eq. 2.1] 

2.2.6. Economic analysis 

Economic performance of the systems was assessed using the CIMMYT economic training manual 

(CIMMYT, 1988), which included step-wise procedures of partial budgeting, dominance and marginal 

analyses. The partial budgeting used total variable cost, gross field benefits and net field benefits under 
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each scenario. The variable costs included human labor, bullock drawn plow used for land preparation, 

and cost of inputs such as seed, fertilizer and farm yard manure (FYM). The unit of human labor was 

based on labor day(s) ha
-1 

and was calculated by recording the time required for each agricultural activity 

and converting them to labor days (8 h being equivalent to 1 labor day). The cost of labor was calculated 

using the minimum wage rate for the study years as per the Labor Law of the Government of India. 

Similarly, the time required by the bullock drawn plow to complete the tillage practice was recorded and 

expressed as day(s) ha
-1

 (8 h being equivalent to 1 day). Gross field benefits were calculated by 

multiplying the field price of maize by the maize equivalent yield where field price of maize was 

estimated by taking the price that farmers receive for the crop when they sell it, and subtracting all the 

associated costs associated with harvest, and sale proportional to the yield. Net benefits were calculated as 

the difference between gross field benefits and total variable costs. Then a dominance analysis was 

carried out by first listing the treatments in order of increasing variable costs. Then, any treatment having 

net benefits less than or equal to that of a treatment of lower variable costs was considered dominated. In 

order to have a firm treatment recommendation, a marginal analysis was done using marginal rate of 

return and a net benefit curve. Marginal rate of return was calculated by marginal net benefit (i.e. change 

in net benefits) divided by marginal cost (i.e. change in total variable costs), and expressed as a 

percentage. A plot displaying net benefits against total variable cost was created to represent the net 

benefits curve. It is assumed that farmers will continue to invest as long as the returns to each extra unit 

invested (measured by the marginal rate of return) are higher than the cost of the extra unit invested 

(measured by the minimum acceptable rate of return). Minimum acceptable return is the level of 

additional returns, beyond the cost of capital that will satisfy the farmers that their investment is 

worthwhile. For the reduced tillage treatment, we used an accepted level of 80% (CIMMYT, 1988). 

Finally, a sensitivity analysis was performed to evaluate the stability of recommendations against price 

fluctuations. 
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2.2.7. Data analysis 

All the crop yield data were subjected to repeated measures multivariate analysis of variance 

(MANOVA) and analyzed for significance using appropriate F-tests (SAS institute, 2001). Where the     

F-tests were significant, means were compared using Tukey’s honest significance difference (HSD) test at 

P < 0.05. For total system productivity pooled data over the three cropping seasons were taken into 

consideration. Economic analysis of crop production though did not include any statistical analysis but 

was based on statistical outcome of total system productivity.  

2.3. Results and discussion 

2.3.1. Effect of conservation agriculture production systems (CAPS) on maize and cowpea yields 

Maize yields in all treatments and years were greater than the national average of 2285 kg ha
-1

 

(Directorate of Maize Research, India, 2011-12). This might be attributed to favorable rainfall and soil 

fertility of the site or the use of an improved maize variety and application of recommended agronomic 

practices. Maize grain and stover yields did not differ significantly over time or among CAPS treatments 

(Table 2.1). In most cases, results from long term conservation agriculture studies showed that maize 

yields in the initial years are not significantly different (Thierfelder et al., 2013). Immediate yield benefits 

of CA were observed only in some field studies such as in Ngwira et al, (2012) where benefits of 

conservation agriculture on maize yields were realized in the very first year itself in one of the study site, 

Lemu. There are also numerous other studies regarding the variability of short term yield responses 

(positive, neutral or negative yield responses) to conservation agriculture practices (Mupangwa et al., 

2012; Gill and Aulakh, 1990; Mbagwu, 1990; Lal, 1986). In general, conservation agriculture yield 

benefits took longer to establish a clear upward trend. The reason believed to be related to the time to 

build soil fertility and to adapt to the new conservation agriculture system – a phenomenon called “age 

hardening” for soils transitioning from intensive tillage to minimum or no-tillage (Dexter and Horn, 
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1988). Even though short-term yield effects of conservation agriculture is variable over space and time, 

yield responses over a longer time period tend to be neutral to positive (Giller et al., 2009; Gilbert 2012). 

Similarly, cowpea did not appear to compete with the maize crop, as there was no significant 

difference in maize yields between maize monocrop and maize-cowpea intercrop (Table 2.1). However, 

there are reports claiming the yield reduction of maize in intercropped plots (Lemlem, 2013; Adeniyan et 

al., 2007), others indicate an increase of maize yield (Dapaah et al., 2003; Mpairwe et al., 2002; Nzabi et 

al., 2000). Neutral responses of cowpea on maize yield, similar to this study, were also reported by 

Ngwira et al, (2012), Thobatsi (2009), and Watiki et al, (1993). This might be due to delayed sowing of 

cowpea which further resulted in little competition with maize during critical crop establishment stages 

(Thierfelder et al., 2012).  Thus cowpea yield may be considered as an additional yield in intercropping 

systems. As there is a good market for the crop in the region, getting a ‘bonus’ yield from such areas of 

existing land constraints will not only improve household income but also guarantees food and nutritional 

security. Furthermore, such diversification of maize with cowpea can reduce the risk of complete crop 

failure in times of drought as was reported by Rusinamhodzi et al, (2012). Cowpea may provide 

substantial amount of residual nitrogen through biological nitrogen fixation ( Rusinamhodzi et al., 2006; 

Jeranyama et al., 2000). However, tillage had a significant effect on both cowpea pod and stover yield (P 

< 0.05). Yield of cowpea pods and stover were 26 and 30% greater respectively, in conventional tillage 

than minimum tillage (Table 2.1). Deeper plowing in conventional tillage might have facilitated better 

root growth of cowpea and thereby showing increased yield. In long term, increased production and 

retention of legume biomass may improve the short-term system performance by controlling runoff and 

by stimulating macrofauna activity (Mando et al., 1999; Lal, 1988; Mannering and Meyer, 1963). It will 

also lead to increased water infiltration, from the creation of a larger number of root channels (Baudron et 

al., 2012). Again, cowpea yield in 2012-13 and 2013-14 were significantly higher than that in 2011-12. 

An unusual heavy rainfall of around 685 mm during September might have damaged the cowpea crops 

leading to lower yield in 2011-12 (Fig. 2.1 (a)).  



26 
 

Table 2.1 

Effect of conservation agriculture production systems (CAPS) on crop yields (kg ha
-1

) during 2011-12, 

2012-13 and 2013-14 cropping seasons. 

Year Tillage Cropping Cover 

crop 

Maize 

 

Cowpea 

 

Mustard 

 

Horsegram 

Grain Stover Pod Stover Grain Stover Grain Stover 

2011-12 CT 
a 

M F 5150 7580 - - - - - - 

Mu 5200 7820 - - 825 1650 - - 

H 5270 7900 - - - - 686 2000 

M+C F 4580 6800 1640 970 - - - - 

Mu 4350 6530 1650 1000 1020 2190 - - 

H 4560 6770 1680 980 - - 1145 3650 

MT M F 4300 6830 - - - - - - 

Mu 4330 6000 - - 710 1310 - - 

H 4280 6440 - - - - 682 1900 

M+C F 5340 7270 1250 770 - - - - 

Mu 5490 7300 1250 780 980 2058 - - 

H 5580 7350 1240 780 - - 865 2600 

2012-13 CT 
a 

M F 4650 6510 - - - - - - 

Mu 4800 6720 - - 907 1784 - - 

H 4850 6790 - - - - 737 2145 

M+C F 4460 6600 2020 1250 - - - - 

Mu 4400 6512 2250 1433 1131 2250 - - 

H 4500 6660 2190 1525 - - 989 3280 

MT M F 4180 6726 - - - - - - 

Mu 4230 6795 - - 839 1567 - - 

H 4600 6754 - - - - 606 1732 

M+C F 5250 7980 1600 932 - - - - 

Mu 5560 7451 1750 989 1011 2237 - - 

H 5610 7527 1743 1000 - - 853 2460 

2013-14 CT 
a 

M F 4530 6342 - - - - - - 

Mu 4965 6951 - - 893 1578 - - 

H 5010 7014 - - - - 740 1977 

M+C F 4840 7163 1980 1100 - - - - 

Mu 5100 7548 2000 1189 1104 2145 - - 

H 5380 7962 2250 1313 - - 934 2958 

MT M F 4300 5617 - - - - - - 

Mu 4785 6555 - - 868 1498 - - 

H 5120 7014 - - - - 714 2100 

M+C F 5134 7803 1678 1010 - - - - 

Mu 5548 8432 1800 1078 1060 1967 - - 

H 5753 8744 1759 956 - - 932 2765 

Tillage ns ns * ns ns ns ns ns 

Cropping ns ns - - * * * * 

Year ns ns * * ns ns ns ns 

Cover crop ns ns ns ns - - - - 

Interactions ns ns ns ns ns ns ns ns 
a   

CT, conventional tillage; MT, minimum tillage; M, only maize cropping; M+C, maize cowpea intercropping; F, 

fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover. 

ns : non-significant at P < 0.05; *: significant at P < 0.05 according to Tukey’s HSD. 
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2.3.2. Effect of conservation agriculture production systems (CAPS) on mustard and horsegram yields 

A significant effect of cropping system was observed on both mustard and horsegram yields over the 

seasons (Table 2.1). Mustard and horsegram grown in plots after maize cowpea intercropping had higher 

grain and stover yields as compared to those without intercropping. After threshing both the crop residues 

were used to cover the respective plots. As repeated addition of large amounts of crop residues lead to a 

greater soil carbon (C) content in time (Erenstein, 2002), stover yield of the cover crop plays an important 

role in conservation agriculture practice. Significant increase in mustard and horsegram seed as well as 

stover yield in intercropped plots seems to be advantageous for the farmers in terms of both economical 

and soil improvement. Furthermore, several studies have reported problems with retaining crop residues 

as surface mulch, largely due to competition with its use as livestock feed, particularly during the dry 

season (Valbuena et al., 2012; Umar et al., 2011; Giller et al., 2009; Mtambanengwe and Mapfumo, 

2005).  An advantage of mustard (Brassica juncea) is that the stover is non-edible, reducing the risk of 

loss when returned and applied as a surface mulch thereby, implying better prospects of conservation 

agriculture adoption in the area. On the other hand, horsegram being a legume will add nitrogen (N) 

through biological nitrogen fixation and the mixing of cereal residue (maize) and horsegram (legume) 

residue could potentially reduce the C: N ratio by increasing the nitrogen component in the relation, thus 

avoiding temporary N immobilization by micro-organisms. As it is too early to distinguish significant 

effects of both the cover crops on maize yield and soil quality, it will be interesting to see their impact in 

long run. 

2.3.3. Effect of conservation agriculture production systems (CAPS) on total system productivity  

Total system productivity over the initial three years of crop management was estimated by analyzing 

the yield contributions of cowpea, mustard and horse gram towards maize equivalent yield (MEY) under 

different CAPS (Fig. 2.3). Both intercropping and cover cropping significantly increased total system 

productivity, due not only to the additional yield but also their higher market price, 1.5-2.0 times that of 
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maize. Similarly, intercropping plus cover cropping performed significantly better than intercropping 

followed by fallow, but there was no difference between cover crops (mustard or horsegram). As there 

was no effect of tillage, similar system productivity can be achieved with less labor.  

 

 

 

 

 

Fig.  2.3. Effect of conservation agriculture production systems on total system productivity in terms of 

maize equivalent yield (MEY) in kg ha
-1

, averaged over three cropping seasons.
  

ns : non-significant at P < 0.05; **: significant at P < 0.01; ***: significant at P < 0.001 according to Tukey’s HSD. 

CT, conventional tillage; MT, minimum tillage; M, only maize cropping; M+C, maize cowpea intercropping; F, 

fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover. 

 

 

N.B: The market price of maize grain $0.17 kg
-1

, cowpea pod $ 0.28 kg
-1

, mustard seed $ 0.43 kg
-1

 and 

horsegram seed $ 0.28 kg
-1

 (1 US Dollar (USD) = 58 Indian National Rupee (INR)); Price of crops was 

collected from local market survey.  

0 

2000 

4000 

6000 

8000 

10000 

12000 

M
a
iz

e 
E

q
u

iv
a
le

n
t 

Y
ie

ld
 (

k
g

 h
a

-1
) 

Horsegram 

Mustard 

Cowpea 

Maize 

 MEY (kg ha
-1) 

Tillage (T) ns 

Cropping (C) *** 

T × C ns 

Cover crop (CC) *** 

C × CC ** 

T × CC ns 

T × C × CC ns 



29 
 

 

2.3.4. Economic analysis of conservation agriculture production systems (CAPS)  

 The economic analysis for all the crops individually and on a system basis was done considering all 

the variable costs, gross field benefits and net benefits (Table 2.2 and 2.3). Again the analysis was based 

on pooled data over three years. Conventional tillage with intercropping followed by cultivation of 

mustard had highest total variable costs of $604 ha
-1

 (Table 2.3). This was mainly due to an additional 

inputs (seeds + fertilizer) and labor for growing the additional crops (Table 2.3). The lowest variable costs 

were under conventional tillage with maize cropping followed by no cover crop ($370 ha
-1

). Minimum 

tillage overall was only slightly lower in variable cost than conventional tillage (~2%). This might be 

explained as the higher costs due to plowing and labor requirement for land preparation under 

conventional tillage was offset by costs due to increased labor requirement during weeding in minimum 

tillage (Table 2.3). This agrees with previous reports (Mazvimavi and Twomlow, 2009; Giller et al., 

2009) that found a higher number of days spent on weeding under conservation tillage as compared to 

conventional tillage practices. Cowpea intercropping reduced weeding as it formed a closed canopy in the 

maize inter-row space. Other studies have shown similar results (Banik et al. 2006; Baudron et al., 2012. 

Both gross and net field benefits were highest under minimum tillage with intercropping followed by 

mustard (Table 2.3). Gross field benefits were highest under intercropping followed by mustard, and costs 

under minimum tillage were slightly lower (~5%) than under conventional tillage. The lowest gross and 

net benefits values for both gross and net benefits were reported under minimum tillage with maize 

cropping without any cover crop. The dominance analysis resulted in four treatments that improved net 

benefits compared to treatments with lower variable cost: CT-M-F and the three MT-M+C treatments. 

Marginal analysis of all these selected treatments showed a 5-fold increase in marginal benefits by 

shifting from CT-M-F to MT-M+C-F (Fig. 2.4). Adding mustard as a cover crop had a higher marginal 

net benefit (228%) than horsegram (128%). This was primarily due to the higher economic yield of 

mustard; the increased cost was almost the same. It is anticipated that such attractive marginal rate of 
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returns will help in popularizing conservation agriculture among smallholder farmers as monetary gains 

act as a prime driver for adoption (Erenstein et al., 2008). The sensitivity analysis showed that shifting to 

intercropping and using mustard as a cover crop both met the recommended minimum rate of return 

(80%), even under an increase in labor costs of 33-40% (Table2. 4). The marginal net benefits of 

horsegram were close to 80% under these scenarios.   
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Table 2.2 

Total variable cost incurred for different conservation agricultural production systems (CAPS) 

Agricultural operations  CT-M CT-M+C MT-M MT-M+C Mustard Horsegram 

 Price 

per unit 

($) 

 

No. 

of 

units 

Total 

cost 

($ ha
-1

) 

No. 

of 

units 

Total 

cost 

($ ha
-1

) 

No. 

of 

units 

Total 

cost 

($ ha
-1

) 

No. 

of 

units 

Total 

cost 

($ ha
-1

) 

No. 

of 

units 

Total 

cost 

($ ha
-1

) 

No. 

of 

units 

Total cost 

($ ha
-1

) 

a) Land preparation              

 Bullock plowing 

(day(s)) 

2.59 5 12.95 5 12.95 2 5.18 2 5.18     

 Labor day(s) 2.59 25 64.75 25 64.75 15 38.85 15 38.85 10 25.9 10 25.9 

b) Sowing               

 Seed               

Maize 2.24 15 33.6 15 33.6 15 33.6 15 33.6     

Cowpea 7.59   10 75.9   10 75.9     

Mustard 0.79         7.5 5.925   

Horsegram 0.34           25 8.5 

 Farm Yard 

Manure (FYM) 

10.34 5 51.7 5 51.7 5 51.7 5 51.7     

 Fertilizer               

DAP 0.22 87 19.14 130 28.6 87 19.14 130 28.6 43 9.46 87 19.14 

Urea 0.09 140 12.6 145 13.05 140 12.6 145 13.05 70 6.3 9 0.81 

MOP 0.11 65 7.15 106 11.66 65 7.15 106 11.66 43 4.73 43 4.73 

 Labor day(s) 2.59 10 25.9 15 38.85 10 25.9 15 38.85 10 25.9 10 25.9 

c) Intercultural operations 

(Labor day(s))  

              

 First weeding, 

top dressing, 

earthing up 

2.59 40 103.6 45 116.55 50 129.5 45 116.55 20 51.8 15 38.85 

 Second weeding 

and top dressing 

2.59 15 38.85 10 25.9 25 64.75 10 25.9     

Total variable cost ($ ha
-1

)   370  474  388  440  130  124 

All prices in $ indicate US dollar and 1 US $ = 58 INR (Indian national Rupee). CT, conventional tillage; MT, minimum tillage; M, only maize cropping; M+C, 

maize cowpea intercropping.
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Table 2.3 

Partial budget and dominance analysis of conservation agriculture production systems (CAPS) 

Tillage Cropping 

system 

Residue 

cover 

a
Average 

yield 

(kg ha
-1

) 

b
Adjusted yield 

(kg ha
-1

) 

c 
Gross 

field 

benefits 

($ ha
-1

) 

d 
Total 

variable costs 

($ ha
-1

) 

e 
Net 

benefits 

($ ha
-1

) 

CT M F 4777 4538 681 370 311 

  Mu 7186 6827 1024 500 524 † 

  H 6237 5925 889 494 395 † 

 M+C F 7735 7348 1102 474 628 † 

  Mu 10585 10056 1508 604 904 † 

  H 9882 9388 1408 598 810 † 

MT M F 4260 4047 607 388 219 † 

  Mu 6461 6138 921 518 403 † 

  H 5776 5487 823 512 311 † 

 M+C F 7739 7352 1103 440 663 

  Mu 10731 10195 1529 570 959 

  H 9726 9239 1386 564 822 
a 
Average yield is pooled data of total system productivity in terms of maize equivalent yield over the 

years; 

b
 Adjusted yield is the average yield adjusted downward by a certain percentage (5% in this case) to 

reflect the difference between the experimental yield and the yield farmers could expect from the same 

treatment. Downward adjustment by 5% was decided based on the actual yield differences between actual 

on station and on farm study results; 

c
 Gross field benefits were calculated by multiplying the field price of maize by the adjusted yield; field 

price of maize was calculated by taking the price that farmers receive for the crop when they sell it, and 

subtracting all the associated costs associated with harvest, and sale proportional to the yield.  

d 
Total variable costs indicates the sum of all the costs that vary for a particular treatment. 

e
 Net benefits is calculated by subtracting gross field benefits from total variable costs. 

† indicates the treatments that are found dominated as the net benefits were less than or equal to that of a 

treatment of lower variable costs. 

CT, conventional tillage; MT, minimum tillage; M, only maize cropping; M+C, maize cowpea intercropping; F, 

fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover. 
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Fig. 2.4. Marginal analysis of non-dominated CAPS treatments showing net benefit curve and marginal 

rate of return (%). 

Percentage values along the lines indicate marginal rate of return which is calculated by marginal net 

benefit (i.e. change in net benefits) divided by marginal cost (i.e. change in total variable costs), expressed 

as a percentage.  

Table 2.4  

Sensitivity analysis of CAPS treatments under different unit labor cost scenarios 

a
Treatments Unit labor cost ($2.59 day

-1
) Unit labor cost ($3.44 day

-1
) Unit labor cost ($3.62 day

-1
) 

 Total 

variabl

e costs 

($ ha
-1

) 

 Net 

benefits 

($ ha
-1

) 

Marginal 

rate of 

return 

(%) 

Total 

variable 

costs 

($ ha
-1

) 

 Net 

benefits 

($ ha
-1

) 

Marginal 

rate of 

return 

(%) 

Total 

variable 

costs 

($ ha
-1

) 

 Net 

benefits 

($ ha
-1

) 

Marginal 

rate of 

return 

(%) 

CT-M-F 370 311  447 234  463 218  

MT-M+C-F 440 663 503 512 591 549 527 576 559 

MT-M+C-H 564 822 128 666 720 84 687 699 77 

MT-M+C-Mu 570 959 2280 676 853 1330 698 831 1200 
a 
represents the CAPS treatments that remain non-dominated  

CT, conventional tillage; MT, minimum tillage; M, only maize cropping; M+C, maize cowpea intercropping; F, 

fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover. 
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2.4. Conclusion 

Agriculture in developing countries primarily focuses on finding a sustainable agricultural technology that 

meets the demands of smallholder farmers while maintaining or improving soil fertility. Though there is 

no universal strategy to end challenges to food security and rural poverty, results from this study shows 

that combining and simultaneously applying location-specific and low-input conservation agriculture 

practices such as CAPS can optimize resource use efficiency and maximize productivity of traditional 

smallholder farming systems. Within a traditional system of sole maize followed by mustard 

cropping, we improved system productivity and economic profitability by introducing minimum 

tillage, intercropping with cowpea, and retention of mustard residues. Given the use of familiar 

crops and technologies and the significant economic gains of this improved system, it should be 

acceptable and attractive to smallholder tribal farmers.  
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Chapter 3 

Effects of tillage, cropping system and residue retention on soil properties and overall soil 

quality under maize based farming systems of India 

 

3.1.  Introduction 

Evaluating management practices for agricultural sustainability is important to understand the effects 

of production systems on soil and other supporting natural resources (Li et al., 2013; Verhulst et al., 2010; 

Hungaria et al., 2009). A general concern of production systems in developing countries such as India is 

to meet food demand while maintaining or improving soil quality. Low-input subsistence agriculture in 

these regions is experiencing reduced crop yield, often due to degraded soil conditions. Excessive and 

inappropriate tillage along with monocropping and residue removal leads to nutrient depletion and 

accelerated erosion (Das et al., 2014). As a response, environmentally sustainable agriculture systems 

such as conservation agriculture (CA) have been developed and promoted to improve soil fertility and 

productivity (Thierfelder et al., 2013; Flora 2010; Gowing and Palmer, 2008; Wall, 2007). Conservation 

agriculture includes reduced tillage, appropriate crop rotation and diversification and organic soil cover to 

reverse soil degradation and support rainfed production under low-input conditions (Lumpkin and Sayre, 

2009). CA is a complex but fairly flexible agricultural system that can be widely adapted to local site 

conditions (Wall, 2007). In contrast, CA is not a blanket recommendation or panacea, and there is 

therefore a need to take into account the conditions and socio-economic constraints of farmers in an area.  

The district, Keonjhar, located in North central part of Odisha, India, mainly comprised of small 

holder tribal farmers with majority of the population depending on subsistence farming. Rainfed upland 

agriculture in the area is dominated by monocropping of local, low yielding varieties of maize combined 

with traditional cultivation practices, such as intensive tillage (plowing land three times before sowing); 

unbalanced nutrient management (only application of farm yard manure); and no residue management 

practice. Seasonal rainfall distribution dominates the climate related crop production constraints in the 

region but in growing seasons with good rainfall distribution crop yields are limited by low soil fertility 
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and poor agronomic practices (Sanchez, 2002). Further, the soil surface in maize fields is often left 

uncovered and, when exposed to heavy rainfall, builds up surface seals and crusts which reduce rainfall 

infiltration leading to more surface run-off and soil erosion. Insufficient return of organic matter, 

combined with excessive tillage increases physical, chemical and biological soil degradation, which is 

regarded as one of the root causes for declining yield in tropical environments (Kassam et al., 2009; 

Stagnari et al., 2010). 

Currently conservation agriculture is considered to deliver multiple ecosystem services (Palm et al., 

2014).  Reduced tillage and residue retention contribute towards soil organic matter accumulation which 

in turn improves soil quality by decreasing bulk density, surface sealing, crust formation, and soil erosion 

and by increasing aggregate stability, water availability, cation exchange capacity, nutrient cycling, and 

biological activity (Karlen and Andrews, 2004). Crop associations with legumes also add organic matter 

and nitrogen (N) to soil and thereby increase soil fertility (Sainju et al., 2003). The changes observed in 

soil organic carbon (C) and N in response to CA is significantly related to residue quantity and quality 

(Espinoza et al., 2007). Therefore leguminous crops having low C: N ratio plays an important role in 

mineralization rates of crop residues and soil organic matter (Melero et al., 2013). However, the impact of 

CA management systems on soil quality under specific farming situations is unceratin (Jokela et al., 

2011). Therefore there is a need for assessing the effects of CA on individual soil properties as well as 

overall soil quality to understand the dynamics behind CA performance in a farming system. 

Soil quality is generally defined as ‘the capacity of soil to function’. For sustainable agriculture, this 

equates with the ability of soil to maintain productivity without significant soil or environmental 

degradation. Within the framework of agricultural production, the functional capacity of soil is normally 

reflected by its physical, chemical, and biological properties (Schoenholtz et al., 2000). The importance of 

soil physical and chemical properties on overall soil quality is well established, but the significance of 

biological properties as an indicator of soil health is more recent (Franchini et al., 2007; Balota et al., 

2004; Ruzek et al., 2004). Soil organic matter or carbon (C) content is often used as a generic biological 
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indicator of soil quality, but due to the relatively slow changes in total soil C due to changes in 

agricultural management, it may take decades to measure significant differences. More dynamic soil 

biological properties include labile soil carbon and potentially mineralizable nitrogen. These are more 

sensitive to management, but there may be large spatial and temporal variation in these properties that are 

confounded with changes due to management (Bhardwaj et al., 2011; Stocking, 2003; Karlen et al., 

1994). Integrated soil quality indexes combine a number of soil physical, chemical, and biological 

properties to address these limitations (Li et al., 2013). Soil properties may not have the same degree or 

even direction of response to conservation agriculture practices, so analysis of individual properties or 

processes can be as important as the overall index to guide land and resource management decisions 

(Bhardwaj et al., 2011). According to Andrews et al. (2002) a minimum data set of soil quality indicators 

should include at least one variable from each soil property (i. e. physical, chemical and biological) to 

provide a logical representation of overall soil quality with respect to a primary soil function. However, 

effects of management regimes on various soil properties are visible only after a long term and the trends 

are also not consistent for all properties (Giller et al., 2009). Therefore an early understanding of the 

introduced CAPS practice can be achieved through identification of critical soil attributes and their 

response to management induced changes.   

In India, most of the long term conservation agriculture studies are confined to the wheat or rice-

wheat cropping system. There is a lack of information on CA for smallholder maize-based cropping 

systems, which are common in upland tribal farming areas of Odisha, India. This study assessed the 

individual and combined effect of reduced tillage, intercropping and cover crop residue retention 

(collectively known as conservation agriculture production systems, CAPS) in a maize based agricultural 

system. Specific objectives of this study were to 1) assess the short term impact of CAPS on soil physical, 

chemical and biological properties; and 2) evaluate the overall impacts on soil quality through the use of a 

soil quality index. 
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3.2. Materials and methods 

3.2.1. Study site 

The experimental site is located in the Regional Research and Technology Transfer Station of Odisha 

University of Agriculture and Technology, Odisha, India (85˚ 34’ 30.61” E, 20˚ 50’ 55.38”N; 499 m 

above mean sea level). The site agro-climatic zone is classified as the North-Central Plateau. The climate 

of the study area is hot, moist, and sub-humid with average annual rainfall of 1500 mm. More than 75% 

of the rainfall is received in the months from May to September. The soil of the study site is mainly 

developed from colluvial-alluvial deposits in piedmont plain and classified as Fluventic Haplustepts 

(Inceptisol). Textural and some other characteristics of the soil before CAPS implementation are 

presented in Table 3.1. 

Table 3.1 

Initial soil characteristics (2011) of the experimental site  

Soil parameters Soil depth (cm) 

0-10 10-20 

BD
a
 (Mg m

-3
) 1.35 1.44 

WSA, > 250 µm (%) 55.52 44.72 

WSA, 53-250 µm (%) 17.13 19.60 

AWC (%) 13.33 14.54 

pH 6.40 6.51 

C (%) 1.94 1.78 

N (%) 0.22 0.18 

C:N 8.82 9.89 

Olsen P (kg ha
-1

) 15.73 15.45 

Available K (kg ha
-1

) 340.90 328.61 

NO3
-
 -N (mg kg

-1
) 37.62 11.84 

NH4
+ 

-N (mg kg
-1

) 14.22 18.76 

Labile C (μg C-CO2 g
-1

 C soil) 4649.84 4032.27 

PMN (mg kg
-1

) 21.35 32.56 

Sand (%)
b 

61.8 63.8 

Silt (%) 16.6 16.8 

Clay (%) 21.6 19.4 
a 
 BD, bulk density; WSA, water stable aggregate; AWC, available water content; C, carbon; N, nitrogen; 

Olsen P, Olsen phosphorous; K, available potassium; NO3
-
 -N, nitrate nitrogen; NH4

+
 -N, ammonium 

nitrogen; PMN, potentially mineralizable nitrogen. 
b
 Soil texture analysis 
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3.2.2. Experimental design 

The experiment was initiated in May 2011. The experimental design was a randomized complete 

block, split-plot design with three replicates, one per block.  Each plot dimension was 10.2 m in length × 

7.2 m in width. Tillage and cropping system were the main plot treatments, and cover crop selection was 

the split-plot treatment. The main plot treatments compared four management practices: conventional 

tillage with maize cropping (CT-M); conventional tillage with maize-cowpea (Vigna unguiculata L.) 

intercropping (CT-M+C); minimum tillage with maize cropping (MT-M); and minimum tillage with 

maize cowpea intercropping (MT-M+C).  Conventional tillage consisted of plowing the field with an 

oxen-drawn plow. A single pass of the plow was done during the pre-monsoonal rains, a few days to 

weeks prior to the expected heavy monsoonal rains. After the onset of monsoonal rains, the field was 

cross-plowed, meaning two complete passes were made, with the second pass perpendicular to the first. 

Though the farmers’ normal practice in the area is to broadcast maize seed throughout the plot, this study 

used line sowing of maize seed to maintain consistency with the minimum tillage treatment. Minimum 

tillage consisted of a single plowing prior to sowing followed by strip-tilling rows with hand-held hoes to 

sow maize seed. Maize variety ‘Nilesh’ was sown and cobs were harvested approx. 90 days after sowing. 

In the intercropping treatments, cowpea variety ‘Hariyalli Bush’ was sown10 days after maize in inter-

row spaces. Because cowpea is an indeterminately flowering and fruiting crop, harvesting of mature seed 

pods began approx. 40 days after sowing and continued until 60 days. Since maize and cowpea drop 

leaves prior to grain maturity, part of their residues (leaves and stem) always remained in the field 

irrespective of treatment. After harvest of maize and cowpea, the plot was prepared by strip-tilling rows 

with hand held hoes for planting of cover crops. Each plot was split into thirds and assigned to one of 

three cover crop treatments: no cover crop i.e. fallow (F), mustard (Brassica campestris L.) as cover crop 

(M), and horse gram (Macrotyloma uniflorum) as cover crop (H). The crops were harvested 

approximately 75 days after sowing, and all residues were returned back to their respective plots after 

threshing. The recommended chemical fertilizers applied to the crops were indicated in the Table 3.2. The 

fertilizer applied for maize + cowpea  was  based  on  an additive  series, taking into consideration 100 
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per cent plant population of maize and 50 percent plant population of cowpea. The fertilizers were applied 

inline basally for the crops except maize where nitrogen was applied in three splits viz. 25% basal, 50% at 

first weeding and rest 25% at second weeding. Disease and insect pests of the crops were managed 

through applying pesticide during the growing period.    

Table 3.2 

Fertilizer dose for crops grown in the study site 

Crops Fertilizer dose (kg ha
-1

) 

N P2O5 K2O 

Maize 80 40 40 

Cowpea 20 40 20 

Mustard 40 20 20 

Horsegram 20 40 20 

Form of fertilizer Urea Single Super 

Phosphate 

Muriate of 

Potash 

 

3.2.3. Soil sampling and analysis 

  Soil samples were collected with a soil auger after three years of treatment establishment i.e. in May 

2014. The samples were collected from two depths (0-10 and 10-20 cm) in three randomly selected 

sampling points for each plot. The three sub-samples at each sampling point and depth class were mixed 

thoroughly to get one composite sample for each depth class per plot. After being transferred to the 

laboratory, the field-moist soil samples were passed through an 8-mm sieve, air-dried, and one part was 

further crushed to pass a 2-mm sieve for soil chemical analyses. Fourteen variables representing soil 

physical, chemical, and biological properties were measured in order to assess the effect of management 

regimes after three cropping cycles.  

Bulk density (BD) was measured by the core method (Blake and Hartge, 1986) while two size 

classes of water stable aggregates (WSA, > 250 µm and 53-250 µm) were determined by using the wet-

sieve method (Kemper and Rosenau, 1986).  Available water content (AWC) was calculated as the 

difference between moisture retention of soil core samples at field capacity (-0.33 bar) and permanent 

wilting point (-15 bar) using a pressure plate apparatus. Total soil carbon (C) and nitrogen (N) were 
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determined by oxidation -combustion (Costech, Inc., CHN analyzer) while soil pH was measured in a 

1:2.5 soil: water suspension with a pH meter. Soluble phosphorus (Olsen P) was measured by sodium 

bicarbonate (NaHCO3) extraction and subsequent colorimetric analysis (Olsen et al., 1954). Available 

potassium (K) was determined using ammonium acetate extraction followed by emission spectrometry. 

Soil nitrate (NO3
-
 -N) and ammonium (NH4

+ 
-N) were determined by extraction with 1M KCl solution 

(Keeney and Nelson, 1982) followed by analysis on a Lachat automated ion analyzer. Labile carbon (C) 

was calculated as cumulative CO2 efflux measured over a 28-day incubation period per gram carbon in 

soil. Potentially mineralizable nitrogen (PMN) was estimated as the difference between extractable soil 

NO3
-
 -N and NH4

+ 
-N at the beginning and end of the 28-day incubation.  

3.2.4. Soil quality evaluation 

To assess the effect of tillage, cropping system and cover crop residue on overall soil quality, 

measured soil physical, chemical and biological properties were taken as indicators. Further selection of a 

minimum data set from the fourteen measured variables, their scoring and integration to a single index 

value was performed according to Andrews et al (2002). 

3.2.4.1. Selection of minimum data set (MDS) 

A standardized principal component analysis was employed as a data-reduction tool in order to select 

most appropriate indicators. Principal components (PCs) are defined as linear combination of variables 

that account for maximum variance in a data set. Among the PCs, the ones receiving Eigenvalues > 1 

were retained as they account for most of the variations in a data set. Within each PC, indicators receiving 

weighted loading values within 10% of the highest weighted loading were selected for MDS. When more 

than one variable was retained within a PC, Person’s correlation was calculated to determine whether the 

variables could be considered redundant and, therefore eliminated from the MDS (Andrews, 1998). 

Among the well-correlated variables within a PC, the variable with the highest sum of correlation 

coefficients (absolute values) was chosen for the MDS (Andrews and Carroll, 2001). 
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3.2.4.2. Indicator scoring 

The variables selected in minimum data set were ranked in ascending or descending order depending 

on whether a higher value was considered ‘beneficial’ or ‘detrimental’ to primary soil function, which in 

this case is crop yield. For ‘higher is better’ indicators, each observation value was divided by the highest 

observed value such that the highest observed value received a score of 1. This was opposite for the 

‘lower is better’ indicators such that the lowest observed value was given a score of 1. For indicators 

following an ‘optimum is better’ concept, observations were scored as ‘higher is better’ up to a threshold 

value and then scored as ‘lower is better’ above the threshold value. 

3.2.4.3. Soil quality index (SQI) calculation 

After scoring of MDS variables, weight for each indicator was assigned by its communality, using the 

PCA results (Li et al., 2013). The weight of each indicator was equal to the ratio of its communality with 

the sum of communalities of all indicators in the MDS. Then the soil quality index (SQI) was calculated 

as 

                      SQI =          
 

   
                                                                              (Eq. 3.1) 

Where    is the assigned weight and    is the indicator score of variable i, and n is the number of 

indicators in the MDS. Higher index scores indicate better soil quality. 

3.2.5. Statistical analysis 

The effect of CAPS on various soil properties were subjected to analysis of variance (ANOVA) and 

analyzed for significance using appropriate F-tests using SPSS (ver. 17.0). Tillage, cropping systems 

and blocks were considered as main plot factors where as cover crops were treated as sub plot factors in 

order to reflect the split-plot design. The means were compared using Tukey’s honest significant 

difference (HSD) test at P < 0.05. The PCA for selecting a minimum data set and SQI development was 

performed using SPSS (ver. 17.0). Correlation analysis was done to identify relationships among 

measured soil properties.  All results were reported at 0.05 and 0.01 levels of significance. Soil quality 

index scores were not analyzed statistically as they were calculated using mean values of soil variables. 
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3.3. Results 

3.3.1. Effect of tillage, cropping system and cover crop residue retention on soil physical properties 

At 0-10 cm soil depth, the CAPS treatments had positive effects on all of the measured soil 

physical properties except bulk density (BD) (Table 3.3). Minimum tillage and cover crop 

residue retention shifted the proportion of water stable aggregates (WSA) from the micro- to the 

macro-aggregate size class (53-250 and > 250 m, respectively). Available soil water content was 

higher, but it was relatively higher in maize cropping than maize cowpea intercropping with 13.31% vs. 

12.58%, respectively (P = 0.0093) and in mustard residue retention than fallow with 13.44% vs. 12.27%, 

respectively (P = 0.024).  

There was no significant effect of CAPS on any of the soil physical properties at 10-20 cm soil depth 

(Table 3.4). However, the trends were similar to the effects at the 0-10 cm depth. 
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Table 3.3 

Effect of tillage, cropping system and cover crop residue retention on soil physical and biological 

properties at 0-10 cm depth. 

Tillage Cropping Cover 

crop 

BD
 

(Mg m
-3

) 

WSA, 

>250 μm 

(%) 

WSA, 

53-250 μm 

(%) 

AWC 

(%) 

Labile C 

(μg C-CO2 

g
-1

 C soil) 

PMN 

(mg kg
-1

) 

CT 
a 

M
b 

F
c 

1.34 49.48 22.15 11.44 4364.69 20.30 

  Mu 1.33 51.97 20.31 13.04 5671.74 16.41 

  H 1.32 53.46 18.82 13.54 6051.09 17.16 

 M+C F 1.33 50.43 18.60 12.90 3656.23 24.27 

  Mu 1.31 54.34 17.84 13.04 5528.23 4.88 

  H 1.32 55.01 17.57 13.12 6422.23 13.24 

MT M F 1.32 59.82 16.94 12.02 5536.41 16.85 

  Mu 1.31 62.17 16.49 13.22 5129.58 18.41 

  H 1.31 63.18 15.92 13.32 6688.16 17.84 

 M+C F 1.31 61.63 15.41 12.71 5505.70 11.59 

  Mu 1.30 64.85 14.65 13.05 6008.56 8.57 

  H 1.31 66.58 14.36 13.15 5119.03 13.27 

Tillage (T) 

Cropping (C) 

Cover crop (CC) 

ns ** * ns ns ns 

ns ns ns ** ns ** 

ns * ns * ** ns 

T × C 

C × CC 

T × CC 

T × C × CC 

ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 

a 
CT, conventional tillage; MT, minimum tillage  

b 
M,  sole maize cropping; M+C, maize cowpea intercropping 

c 
F, fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover. 

ns : non-significant at P < 0.05; *: significant at P < 0.05; **: significant at P < 0.01 according to Tukey’s HSD. 

 

3.3.2. Effect of tillage, cropping system and cover crop residue retention on soil biological properties 

For 0-10 cm, labile C was significantly higher in plots with horsegram residue retention than in the 

fallow plots (6070.13 vs. 4765.76 μg C-CO2 g
-1

 soil, respectively) (P = 0.018) (Table 3).  Potentially 

mineralizable N (PMN) was significantly higher in sole maize as compared to maize-cowpea 

intercropping (17.83 vs. 12.64 mg kg
-1

, respectively) (P =0.016). There was no significant effect of CAPS 

on any of the soil biological properties at 10-20 cm soil depth (Table 4).  
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Table 3.4 

Effect of tillage, cropping system and cover crop residue retention on soil physical and biological 

properties at 10-20 cm depth. 

Tillage Cropping Cover 

crop 

BD
 

(Mg m
-3

) 

WSA, 

>250 μm 

(%) 

WSA, 

53-250 μm 

(%) 

AWC 

(%) 

Labile C 

(μg C-CO2 

g
-1

 C soil) 

PMN 

(mg kg
-1

) 

CT 
a 

M
b 

F
c 

1.47 39.86 23.77 14.04 4074.69 31.17 

  Mu 1.46 42.87 23.60 12.62 4676.68 19.05 

  H 1.45 43.70 22.98 12.87 5350.75 26.97 

 M+C F 1.46 42.86 22.47 13.87 3640.25 15.09 

  Mu 1.44 43.67 21.99 12.95 5508.18 18.07 

  H 1.44 44.38 20.75 12.66 4964.34 13.52 

MT M F 1.46 44.36 20.94 13.66 4218.02 22.13 

  Mu 1.44 46.56 20.70 13.59 3085.14 15.75 

  H 1.45 47.52 20.45 15.56 4355.71 15.62 

 M+C F 1.45 44.42 20.31 12.55 4829.95 17.98 

  Mu 1.44 46.39 20.24 13.13 5380.48 16.24 

  H 1.44 47.31 19.61 13.23 5573.37 14.00 

Tillage (T) 

Cropping (C) 

Cover crop (CC) 

ns ns ns ns ns ns 

ns ns ns ns ns ns 

ns ns ns ns ns ns 

T × C 

C × CC 

T × CC 

T × C × CC 

ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 

a 
CT, conventional tillage; MT, minimum tillage  

b 
M,  sole maize cropping; M+C, maize cowpea intercropping 

c 
F, fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover. 

ns : non-significant at P < 0.05; *: significant at P < 0.05; **: significant at P < 0.01 according to Tukey’s HSD. 

 

 

3.3.3. Effect of tillage, cropping system and cover crop residue retention on soil chemical properties 

The CAPS treatments had variable effects on soil chemical properties at the 0-10 cm depth (Table 

3.5). Soil pH did not differ significantly by CAPS treatment. There was a significant tillage x cropping x 

cover cropping interaction for both soil C and N. Soil C under both conventional and minimum tillage 

with maize cowpea intercropping followed by mustard residue retention had significantly higher C 

concentration as compared to CT-M-F (2.03 % and 2.01% vs. 1.37%, respectively) (P = 0.046). Further, 

soil N was highest under CT-M+C followed by mustard (Mu) (0.23%) and lowest under MT-M-Mu 

(0.19%) (P = 0.039). The soil C: N ratio was higher under minimum tillage than conventional tillage 

(9.25 vs. 8.21, respectively) (P = 0.012). For inorganic N, NO3
-
 -N was significantly higher in fallow than 
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that under mustard residue retention (25.95 vs. 18.60 mg kg
-1

, respectively) (P = 0.034); whereas, NH4
+ 

-

N was significantly higher in sole maize than maize-cowpea intercropped plots (22.62 vs. 16.85 mg kg
-1

, 

respectively) (P = 0.01). Soil available phosphorus (P) was not significantly different among the CAPS 

treatments, but available potassium (K) was significantly higher under minimum than conventional tillage 

(328 vs. 323 kg ha
-1

, respectively) (P = 0.040). 

Table 3.5 

Effect of tillage, cropping system and cover crop residue retention on soil chemical properties at 0-10 cm 

depth. 

Tillage Cropping Cover 

crop 

pH C 

(%) 

N 

(%) 

C:N P 

(kg ha
-1

) 

K 

(kg ha
-1

) 

NO3
-
 -N 

(mg kg
-1

) 

NH4
+
 -N 

(mg kg
-1

) 

CT 
a 

M
b 

F
c 

6.39 1.37 0.20 6.87 14.62 317.41 27.64 24.30 

  Mu 6.36 1.76 0.22 8.05 15.64 318.93 16.99 21.70 

  H 6.35 1.82 0.21 8.53 16.21 320.32 21.43 21.38 

 M+C F 6.39 1.82 0.21 8.65 16.21 325.92 24.80 28.03 

  Mu 6.33 2.03 0.23 8.71 17.40 330.74 22.81 9.52 

  H 6.32 1.85 0.22 8.42 18.35 327.44 20.86 18.02 

MT M F 6.32 1.98 0.22 8.90 16.06 328.62 24.37 22.51 

  Mu 6.29 1.86 0.19 9.98 16.03 330.43 19.13 24.00 

  H 6.27 1.82 0.20 8.94 17.49 327.25 21.41 21.78 

 M+C F 6.31 1.83 0.20 9.21 17.29 325.76 27.00 15.57 

  Mu 6.26 2.01 0.22 8.98 17.08 329.87 15.44 12.11 

  H 6.24 1.89 0.20 9.51 17.68 328.15 21.90 17.88 

Tillage (T) 

Cropping (C) 

Cover crop (CC) 

ns ns ns ** ns * ns ns 

ns ns ns ns ns ns ns ** 

ns * ns ns ns ns * ns 

T × C 

C × CC 

T × CC 

T × C × CC 

ns * * ns ns ns ns ns 

ns ns * ns ns ns ns ns 

ns ns ns ns ns ns ns ns 
ns * * ns ns ns ns ns 

a 
CT, conventional tillage; MT, minimum tillage  

b 
M,  sole maize cropping; M+C, maize cowpea intercropping 

c 
F, fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover. 

ns : non-significant at P < 0.05; *: significant at P < 0.05; **: significant at P < 0.01 according to Tukey’s HSD. 

 

At the 10-20 cm soil depth, the cropping × cover crop was significant for both soil C and N (P < 0.01) 

(Table 3.6). Soil C and N concentrations were higher under horsegram residue with maize cowpea 

intercropping as main plot treatment, but not with only maize cropping (1.71% vs. 1.42%, respectively for 

C and 0.17% vs. 0.14%, respectively for N).  
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Table3. 6 

Effect of tillage, cropping system and cover crop residue retention on soil chemical properties at 10-20 

cm depth. 

Tillage Cropping Cover 

crop 

pH C 

(%) 

N 

(%) 

C:N P  

(kg ha
-1

) 

K 

(kg ha
-1

) 

NO3
-
 -N 

(mg kg
-1

) 

NH4
+
 -N 

(mg kg
-1

) 

CT 
a 

M
b 

F
c 

6.60 1.68 0.17 10.12 15.36 325.01 15.74 24.52 

  Mu 6.59 1.62 0.15 10.72 15.37 325.13 11.81 12.90 

  H 6.59 1.28 0.13 10.38 15.38 325.32 11.21 30.86 

 M+C F 6.62 1.56 0.14 10.90 15.37 326.24 15.44 10.09 

  Mu 6.62 1.74 0.17 10.54 15.39 326.36 12.40 22.49 

  H 6.61 1.66 0.17 10.03 15.40 326.52 13.91 17.35 

MT M F 6.61 1.66 0.15 10.95 15.45 325.37 12.24 25.93 

  Mu 6.51 1.72 0.16 11.08 15.48 325.71 11.25 20.47 

  H 6.51 1.56 0.14 11.04 15.50 326.92 11.17 19.31 

 M+C F 6.54 1.55 0.14 11.15 15.51 324.11 13.60 10.99 

  Mu 6.57 1.54 0.15 10.56 15.53 326.14 11.33 21.00 

  H 6.58 1.76 0.16 10.88 15.54 325.37 11.68 18.63 

Tillage (T) 

Cropping (C) 

Cover crop (CC) 

ns ns ns ns ns ns ns ns 

ns ns ns ns ns ns ns ns 

ns ns ns ns ns ns ns ns 

T × C 

C × CC 

T × CC 

T × C × CC 

ns ns ns ns ns ns ns ns 

ns ** ** ns ns ns ns ns 

ns ns ns ns ns ns ns ns 
ns ns ns ns ns ns ns ns 

a 
CT, conventional tillage; MT, minimum tillage  

b 
M,  sole maize cropping; M+C, maize cowpea intercropping 

c 
F, fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover. 

ns : non-significant at P < 0.05; *: significant at P < 0.05; **: significant at P < 0.01 according to Tukey’s HSD. 

 

3.3.4. Effect of tillage, cropping system and cover crop residue retention on soil quality 

3.3.4.1. Selection of minimum data set (MDS) for soil quality evaluation 

All the 14 measured soil properties were selected for principal component analysis (PCA), but 

considering their response to CAPS treatments, only the 0-10 cm soil depth was used for soil quality 

evaluation. The PCA output had four principal component scores (PCS) with Eigenvalues > 1, accounting 

to 88.6% of the variation in the data set (Table 3.7). According to the principal component loading matrix 

after VARIMAX rotation, the first PC explained 56% of the variation and had three highly weighted 

variables within 10% of the highest factor loading weight: WSA (53-250 µm), WSA (> 250 m), and 

C:N. As both the WSA variables were highly correlated to each other (r = 0.926), the one having the 
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higher sum of correlation coefficients (absolute values), namely WSA (> 250 µm), was chosen to be 

included in MDS (Table 3.8).  Similarly, in PC2, NH4
+
-N, PMN and total soil N had the highest weighted 

value, but only PMN and total soil N were retained in the MDS due to high correlation between PMN and 

NH4
+
-N (r = 0.991). NO3

- 
-N and labile C were the highest loading factors of PC3 and PC4, respectively. 

The MDS thus composed of WSA (> 250 µm), C: N, PMN, total soil N, NO3
- 
-N and labile C. 

Table3. 7 

Results of Principal component analysis of measured soil physical, chemical and biological properties  

 PC1 PC2 PC3 PC4 

Eigenvalue 7.795 2.377 1.138 1.093 

% of variance 55.68 16.98 8.13 7.81 

Cumulative % variance 55.68 72.66 80.79 88.60 

     

 Factor loading 

Soil quality indicators     

WSA
a
 (53-250 µm) -0.943 -0.157 -0.100 -0.186 

C:N 0.923 -0.055 0.273 0.077 

WSA (> 250 µm) 0.884 -0.036 0.046 -0.393 

K 0.835 0.343 0.125 0.171 

BD -0.831 -0.336 -0.231 0.296 

pH -0.828 -0.078 -0.144 0.483 

C 0.639 0.519 0.045 -0.248 

P 0.599 0.519 0.045 -0.248 

NH4
+ 

-N -0.287 -0.850 -0.058 0.306 

PMN -0.295 -0.849 -0.089 0.298 

N -0.325 0.798 0.334 0.133 

NO3
- 
-N -0.126 -0.049 -0.898 0.352 

AWC 0.372 0.369 0.712 0.028 

Labile C 0.162 0.328 0.235 -0.793 
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Table 3.8 

Pearson’s correlation matrix for soil physical, chemical and biological properties  

 BD WSA 
ƚ
 WSA

 ±
   AWC pH C N C:N P K NO3

- 
-N NH4

+ 
-N Labile 

C 

PMN 

BD
b 

1.000              

WSA 
ƚ 

-0.846 1.000             

WSA
 ±

  0.904 -0.926 1.000            

AWC -0.602 0.309 -0.477 1.000           

pH 0.868 -0.964 0.900 -0.423 1.000          

C -0.763 0.521 -0.716 0.654 -0.552 1.000         

N -0.000
 

-0.315 0.141
 

0.280
 

0.202
 

0.458 1.000        

C:N -0.792 0.773 -0.853 0.519 -0.724 0.726 -0.265
 

1.000       

P -0.682 0.521 -0.718 0.496 -0.638 0.624 0.201
 

0.511 1.000      

K -0.784 0.651 -0.786 0.412 -0.663 0.804 0.114
 

0.777 0.641 1.000     

NO3
- 
-N 0.431 -0.309 0.275

 
-0.651 0.432 -0.442 -0.265

 
-0.302 -0.201

 
-0.227

 
1.000    

NH4
+ 

-N 0.668 -0.368 0.455 -0.537 0.472 -0.541 -0.483 -0.203
 

-0.596 -0.441 0.252
 

1.000   

Labile C -0.522 0.400 -0.366 0.227
 

-0.519 0.382 0.247
 

0.191
 

0.549 0.191
 

-0.486 -0.472 1.000  

PMN 0.666 0.376 0.450 -0.537 0.483 -0.575 -0.501 -0.238
 

-0.584 -0.467 0.280
 

0.991 -0.491 1.000 

Correlati-

on sum 
9.528 7.433 7.137 5.736 5.685 5.552 3.076 3.222 3.571 2.326 2.018 2.463 1.491 1.000 

WSA, water stable aggregate (
ƚ 
, macro-aggregate (> 250 µm); 

±
 , micro-aggregate (53-250 µm) 

Table3. 9 

Communality and weight of minimum data set variables  

Minimum data set variables Communality Weight 

WSA 0.895 0.208 

C:N 0.797 0.185 

PMN 0.665 0.154 

N 0.839 0.195 

NO3
- 
-N 0.489 0.114 

Labile C 0.621 0.144 
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3.3.4.2. Calculation of soil quality index (SQI) 

The selected variables in the MDS were transformed using linear scoring functions. Considering the 

primary goal of management systems in this study (i.e. productivity), all the data were taken as ‘higher is 

better’ except C: N where the concept of ‘optimum is better’ was used. As a result, the treatment having 

highest or below optimum observed value for a given variable received a score of 1; values for other 

treatments were divided by that observed value to normalize them. Then weight of each variable was 

derived from another PCA analysis of only selected variables and the communalities were recorded 

(Table 3.9). Weight of the each variable was equal to the ratio of its communality to the sum of 

communalities of all six indicators. Finally, the soil quality index was calculated using the integrated 

quality index equation (Eq. (3.1)).  

The treatment combination with the highest SQI was minimum tillage with maize cropping followed 

by horsegram residue retention (0.878). The lowest SQI was conventional tillage combined with 

intercropping followed by mustard residue retention (0.770) (Table 3.10). A comparison of individual 

CAPS components with respect to soil quality indicators (Fig. 3.1) and a comparative change in soil 

quality over three years of the study (Fig. 3.2) showed the beneficial impacts of CAPS. The highest SQI 

in minimum tillage with maize cropping followed by horsegram residue was largely due to positive 

changes in soil structure (WSA, >250 µm) as well as C and N mineralization (labile C, total soil N, and 

C: N).  
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Table 3.10 

Soil quality indicator scores and overall soil quality index (SQI) values as affected by tillage, cropping 

system and cover crop residue retention at 0-10 cm soil depth 

Tillage Cropping Cover crop WSA
 

C:N PMN N NO3
-
 -N Labile C SQI 

CT 
a 

M
b 

F
c 

0.155 0.127 0.129 0.170 0.114 0.094 0.788 

  Mu 0.162 0.149 0.104 0.187 0.070 0.122 0.794 

  H 0.167 0.158 0.109 0.178 0.088 0.130 0.831 

 M+C F 0.158 0.160 0.154 0.178 0.102 0.079 0.831 

  Mu 0.170 0.161 0.031 0.195 0.094 0.119 0.770 

  H 0.172 0.156 0.084 0.187 0.086 0.138 0.823 

MT M F 0.187 0.165 0.107 0.187 0.101 0.119 0.865 

  Mu 0.194 0.185 0.117 0.161 0.079 0.110 0.846 

  H 0.197 0.166 0.113 0.170 0.088 0.144 0.878 

 M+C F 0.193 0.171 0.074 0.170 0.111 0.119 0.836 

  Mu 0.203 0.166 0.054 0.187 0.064 0.129 0.803 

  H 0.208 0.176 0.084 0.170 0.090 0.110 0.839 
a 
CT, conventional tillage; MT, minimum tillage  

b 
M,  sole maize cropping; M+C, maize cowpea intercropping 

c 
F, fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover. 

 

3.4. Discussion 

3.4.1. Effect of tillage, cropping system and cover crop residue retention on soil properties  

No significant management effects on soil bulk density were found in the upper two, 0-10 and 10-20 

cm soil depths. Previous studies have shown CA practices may increase (Thomas et al., 2007; Hernanz et 

al., 2002; Hussein et al., 1998; Horne et al., 1992), decrease (Thierfelder et al., 2012; Mazvimavi et al., 

2008; Blanco-canqui et al., 2006) or have no effect (D’Haene et al., 2008; Al-Kaisi et al., 2005; Chang 

and Lindwall 1992) on BD. A reduction in tillage along with residue retention would be expected to result 

in a gradual positive change in soil BD, but those initial changes may be too small to be distinguished 

over three years.  

 In our study, minimum tillage resulted in higher water stable macro-aggregates and lower micro-

aggregates compared to conventional tillage in the upper 10 cm of soil depth. This is likely due to reduced 

physical disruption of macroaggregates. These observations are consistent with findings from Paul et al. 

(2013); Kou et al. (2012); Kihara et al. (2011); and Thierfelder et al. (2010). Growing cover crops and 

their residue retention may increase root growth which in turn exerts lateral pressure and produces 
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cementing agents that helps in formation and stabilization of the macro-aggregates (Abiven et al., 2009; 

Blair et al., 2005). Furthermore, fresh plant- and root-derived residues stimulates activity of soil fauna 

(earthworms, ants) and microorganisms (bacteria, fungi) that form binding agents to stabilize macro-

aggregates (Six et al., 2002). As well, protection of soil aggregates by residue cover against rainfall 

impact and wetting and drying cycles also might have improved macro-aggregate stability.  

The higher available water content (AWC)  in mustard residue retention systems is generally 

attributed to increased aggregation and protection of the soil surface, reducing evaporation and surface 

runoff while increasing infiltration (Thierfelder et al., 2013; Verhulst et al, 2011; Hatfield et al., 2001). 

Liu et al. (2013) reported that soil moisture content was more affected by residue cover than tillage 

practice, although others have seen a positive effect of reduced tillage alone (Alvarez and Steinbach 

2009). The lower AWC in the intercropped systems is likely due to greater water demand during the 

growing season with the addition of cowpea. It is hoped that a gradual increase in soil organic matter 

through additional inputs from cowpea leaf and shoot litter, root exudates and enhanced microbial activity 

will increase water holding capacity of the intercropped systems to counter this effect. The benefit of 

cover cropping on AWC combined with reduced tillage seems to offset the extra water required for 

cowpea growth and thereby can increase the possibility of crop intensification. 

The increase of total soil C under intercropping followed by mustard residue retention might be due 

to additional shoot and root inputs from cowpea and mustard. The beneficial effect of conservation 

practices on soil C seems to be more a function of residue retention (Giller et al., 2009). This supports our 

finding of a significant positive influence by cover crop residue retention.  The effects of CAPS on 

highest soil N concentration mirrored those for soil C pattern, as found in other studies (Melero et al., 

2011; Sainju et al., 2008; Gal et al., 2007; Bradford and Peterson, 2000). Soil N content was higher under 

conventional tillage with intercropping compared to minimum tillage without intercropping. A possible 

explanation could be the additive effects of legume N-fixation, better root activity and faster 

decomposition of crop residues due to their incorporation through conventional tillage. Balota et al. 
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(2004) and Kushwaha et al. (2000) reported that incorporated crop residues decompose 1.5 times faster 

than surface placed residues. This helps explaining the significant three way interaction of tillage, 

cropping system and cover crop residue retention for soil N in our study. 

Although soil organic carbon (SOC) is a major component of soil quality, measurement of SOC alone 

does not adequately reflect the management induced changes in soil quality (Franzluebbers et al., 1995). 

Change in total soil C under short to medium term conservation practices is difficult to quantify due to the 

large background of relatively stable carbon. Therefore, more dynamic soil properties such as labile or 

active fraction of SOC better reflects changes induced by soil management regimes (Melero et al., 2011; 

Weil et al., 2003). Labile C was higher in horsegram residue retention than fallow, which can be 

explained by increased biological activity of beneficial micro-organisms due to improved soil micro-

climate condition (modification of soil moisture and temperature) (Krupinsky et al., 2002) and increased 

residue inputs to the soil surface. The lower PMN in intercropped systems was surprising, given that 

cowpea is an N-fixing legume, but this may reflect the greater demand for soil and fertilizer N in the 

intercropped plots. If cover cropping and N fixation are unable to mitigate this increased demand, it will 

mean higher fertilization will be required for sustainable crop intensification.  

Though there were no direct effect of CAPS components on total soil N, significant influences were 

found for available NO3
-
 and NH4

+
 -N (Table 3.4). Significantly higher NO3

-
 -N was found in fallow as 

compared to mustard residue retention systems (P < 0.01) which is mainly due to immobilization of 

mineral N due to added inputs. But as N immobilization of mineral N in the soil is mainly dependent on 

residue quality, i.e. C: N ratio (Hadas et al., 2004; Nicolardot et al., 2001; Trinsoutrot et al., 2000), this 

effect should be temporary. As mustard (oil crop) residues has low C: N ratio (< 20: 1), their residues will 

degrade easily, leading to greater N availability during the crop growing period. On the other hand, 

availability of NH4
+
 -N was influenced by cropping systems being lower under maize cowpea 

intercropping which might be due to increased plant demand for N. 
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 Among other major soil nutrients, soil phosphorous did not show any significant impact of crop 

management regime while soil potassium was more available in surface layers of minimum tillage (Table 

4). Rather than a direct tillage effect, this is likely more a function of reduced incorporation of surface-

applied mineral fertilizer (Palm et al., 2014). The higher soil C: N ratio at the surface under minimum 

tillage is likely due to lower decomposition of surface residues due to reduced incorporation (Lou et al., 

2012; Blanco-Canqui and Lal 2008).  

3.4.2. Soil quality and its relevance to sustainable food production 

 As the measured soil properties behaved differently to the CAPS treatments, selection of the most 

significant ones, and their integration into a single index, helped to assess the impact of individual 

management components as well as sustainability of the whole system. Furthermore, interpretation of soil 

quality index (SQI) helps in identifying the sensitive indicators that more quickly respond to the 

introduced management practice. In this study, among the 14 soil variables measured at 0-10 cm depth, 

both of the biological measures (labile C and PMN), most of the chemical (N, C:N, NO3
-
 -N) and one of 

the physical measures (WSA, >250 µm) were identified as key soil quality indicators (Table 7). The SQI 

developed from these measures distinguished minimum from CAPS from conventional practices 

primarily through a greater proportion of WSA in the > 250 m fraction, greater labile C (reduced tillage 

and cover cropping), higher C: N ratio and lower PMN.   These reflect reduced soil disturbance, higher 

crop residue cover/retention and likely a higher demand for soil mineral N by the additional crops and 

also soil microbes involved in decomposition of the additional crop residue. Thus, after 3 years, certain 

expected soil quality benefits of CAPS are already evident (greater WSA and labile C), while others 

reflect short-term deficits (lower PMN and available NO3
-
) due to intensification and diversification of the 

cropping system.  

Over the longer term, we would expect to see a more direct link between improved soil quality and 

crop productivity. Govaerts et al. (2006) reported a direct and significant relation between soil quality 

status and crop yield after 10 years of different tillage and residue management treatments. Increased 
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aggregate stability in minimum tillage will improve aeration, water movement, and make the system more 

resistant to soil erosion. These changes are crucial, considering the significant constraints of crop 

production in the region: soil erosion due to heavy rainfall and occurrence of drought due to erratic 

rainfall. Higher labile C and total soil C content should eventually increase organic nutrient cycling, 

which would be reflected in measures such as PMN. Verhulst et al. (2010) reported that reduced tillage 

with residue retention indirectly defines the species composition of the soil microbial community by 

improving soil moisture retention and modifying soil temperature. These modifications influence the 

biological activity of beneficial micro-organisms thereby suppressing the activity of yield decreasing 

pathogens (Pankhurst et al., 2003; Krupinsky et al., 2002; Stirling et al., 2001).  In this study, there is a 

positive effect of minimum tillage and horse gram residue retention on overall soil quality just in three 

years of management practice. The comparable effects of maize and maize cowpea intercropping on SQI 

indicates that growing of cowpea is appropriate in maintaining both soil quality and food security of the 

marginal tribal households. However, the competition of the intercrop for water and nutrients in initial 

years will be offset by increased soil organic matter, water holding capacity and nutrient availability due 

to reduced tillage and residue cover in long term.  
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                                             (B) 

 

                                                (C) 

Fig. 3.1. Effect of tillage (A), cropping system (B) and cover crop residue retention (C) on soil quality 

indicators  

(CT, conventional tillage; MT, minimum tillage; 
 
M,  sole maize cropping; M+C, maize cowpea 

intercropping; 
 
F, fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover). 
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Fig. 3.2. Comparison of †treatments on soil quality index (SQI) over three years of management practice 

 (CT, conventional tillage; MT, minimum tillage; M,  sole maize cropping; M+C, maize cowpea intercropping; F, fallow (no 

cover crop); Mu, mustard residue as cover; H, horsegram residue as cover; †only selective treatments are considered i.e. 

conventional practice, CT-M-F before and after CAPS implementation and the treatments having highest and lowest SQI value). 

 

3.5. Conclusion 

Based on the study results, it is concluded that tillage, intercropping and residue cover can show 

significant changes in various soil properties within three years of conservation practice. Even though 

effect of management regimes on soil quality parameters was mostly confined to 0-10 cm soil layer, some 

chemical (C, and N) showed significant changes in 10-20 cm soil layers. Furthermore water stable macro- 

aggregate, labile C, N, C: N, NO3
-
 -N, and PMN were identified as key soil quality indicators reflecting 

management induced changes. Increased soil quality under minimum tillage combined with maize 

cropping followed by horsegram residue retention within such a short period of three years suggests 

improved productivity and agricultural sustainability in long term. Though a minimum soil quality index 

was reported under conventional tillage with maize cowpea intercropping and mustard residue cover, it 

will be interesting to see whether it remains consistent in long run or not. Moreover, assessment of soil 

quality during early phases of conservation practice will provide insight into management induced 

changes thereby relating to their possible beneficial effect in future. However, more site-specific research 
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is needed to identify key soil quality indicators for different climate, soil types and cropping systems 

during early stages of conservation agriculture establishment.  
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Chapter 4 

Short term effects of tillage, cropping system and residue retention on soil organic matter 

fractions 

 

4.1. Introduction 

Soil organic matter (SOM) represents a large, dynamic and complex terrestrial reservoir of carbon 

(C), largely derived from plant, animal or microbial biomass (Baldock, 2009). It not only influences the 

soil quality and productivity but also regarded as an important potential carbon sink to mitigate the green 

house effect (Bolin and Sukumar, 2000). Increased soil organic carbon (SOC) may also provide additional 

ecosystem services such as retention of water, increased soil biodiversity, reduced soil erosion, and 

improved soil structure (Palm et al., 2014). Therefore the ability to quantitatively estimate SOM dynamics 

is especially important for understanding SOM dynamics in agricultural systems as we move towards 

more environmentally sound and sustainable practices (Cambardella and Elliott, 1992).  The use of 

traditional agricultural practices such as conventional tillage, monocropping and residue removal 

influences soil physical, chemical and biological properties of soil, thus affecting SOM loss, soil erosion, 

loss of soil structure and soil quality degradation. Consequently, sustainable soil management such as 

conservation agriculture (CA) has been recommended as a means of C accumulation and soil quality 

enhancement (Mujuru et al., 2013; Álvaro-Fuentes et al., 2008; Chivenge et al., 2007). Direct effects of 

three proponents of CA i.e. minimum tillage, suitable cropping system and crop residue retention and 

their interactions with the environment are important influencing factors of SOM dynamics (Nascente et 

al., 2012; Crusciol et al., 2012; Santos et al., 2011; Zotarelli et al., 2007; Balota et al., 2004; Pinheiro et 

al., 2004). However, short-term changes in total SOM due to management effects are difficult to 

distinguish against the large background of relatively stable pool (Liang et al., 2010; Zotarelli et al., 2007) 

but they may have an effect of individual SOM fractions (Von Lützow and K gel-Knabner, 2009). 

Moreover, changes in SOM fractions may provide insight into the effects of CA practices on SOC 

stabilization (Mujuru et al., 2013). 
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Conceptually, SOM has been divided into three pools based on their relative rate and extent of 

decomposition: the active pool with a turnover of days to months, the slow pool with turnover of years to 

decades, and the passive pool with turnover of centuries to millennia (Von Lützow et al., 2007). Turnover 

rate of these pools is regulated by various factors, such as selective preservation of recalcitrant 

compounds, spatial inaccessibility by biogenic aggregation or interaction with mineral surfaces (Von 

Lützow et al., 2008). However, the physical fractions of SOM are more sensitive to soil management 

changes as compared to their chemical structure and function (Sequeira et al., 2011; Zotarelli et al., 2009) 

and can be good indicators of management induced changes over the short time period (Nascente et al., 

2013; Garcia, 2010; Duo et al., 2008; Xavier et al., 2006). Therefore, physical fractionation methods 

which consider the accessibility of organic materials to decomposers (Christensen, 2001) and the 

character of organic material in situ (Golchin et al., 1994) may facilitate an improved understanding of C 

dynamics affected by soil management.    

Isolation of the physical fractions can be done by combined size and density separation. Size 

separation results in isolating particulate organic matter (POM) from silt and clay associated fractions 

where as density fractionation mainly separates out sand from POM resulting in two important fractions: 

light POM and heavy POM + sand. The silt + clay fraction contains more processed materials with a 

slower turnover rate and a higher degree of chemical protection where as heavy POM + sand fraction 

represents predominantly the sand fraction. Further, the light POM fraction is generally seen as a 

temporary pool between fresh added residue and silt + clay fraction (Christensen, 2001; Six et al., 2001). 

It mainly consists of recently added organic material, such as microbial- and plant-derived 

polysaccharides, roots, fungal hyphae, and charcoal (Six et al., 2002). Soil organic C and nitrogen (N) in 

this fraction are important attributes of the quality of a soil and associated impacts of soil management 

system (Mujuru et al., 2013). Therefore, precise isolation and quantification of different SOM fractions 

can improve our understanding of how specific conservation agriculture production systems (CAPS) 

influence the formation and stabilization of SOM. 
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The objective of this study was to evaluate how different components of conservation agriculture 

production systems (CAPS) such as minimum tillage, cropping system and residue retention individually 

and as a whole system affect the amount and distribution of SOM pools in 0-10 and 10-20 cm soil depths 

over 3 years of management practice. Given the relatively short duration of study period, we hypothesize 

that changes in SOM pools will be associated with light POM fraction, mainly contributed by crop 

residue retention over the years. Considering the stimulation effect of root exudates on soil microbial 

activity, we also hypothesize that maize cowpea intercropping and growing cover crops and their residue 

retention will affect POM distribution in deeper soil layers.  

4.2. Materials and methods 

4.2.1. Study site 

The experimental site is located in the Regional Research and Technology Transfer Station of Odisha 

University of Agriculture and Technology, Odisha, India (85˚ 34’ 30.61” E, 20˚ 50’ 55.38”N; 499 m 

above mean sea level). The site agro-climatic zone is classified as the North-Central Plateau. The climate 

of the study area is hot, moist, and sub-humid with average annual rainfall of 1500 mm. More than 75% 

of the rainfall is received in the months from May to September. The soil of the study site is mainly 

developed from colluvial-alluvial deposits in piedmont plain with soil texture ranging from sandy clay 

loam to sandy loam and classified as Fluventic Haplustepts (Inceptisol). 

4.2.2. Experimental design 

The experiment was initiated in May 2011. The experimental design was a randomized complete 

block, split-plot design with three replicates, one per block.  Each plot dimension was 10.2 m in length × 

7.2 m in width. Tillage and cropping system were the main plot treatments, and cover crop selection was 

the split-plot treatment. The main plot treatments compared four management practices: conventional 

tillage with sole maize (Zea mays L.) cropping (CT-M); conventional tillage with maize-cowpea (Vigna 

unguiculata L.) intercropping (CT-M+C); minimum tillage with sole maize cropping (MT-M); and 
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minimum tillage with maize cowpea intercropping (MT-M+C).  Conventional tillage consisted of 

plowing the field with an oxen-drawn plow. A single pass of the plow was done during the pre-

monsoonal rains, a few days to weeks prior to the expected heavy monsoonal rains. After the onset of 

monsoonal rains, the field was cross-plowed, meaning two complete passes were made, with the second 

pass perpendicular to the first. Minimum tillage consisted of a single plowing prior to sowing followed by 

strip-tilling rows with hand-held hoes to sow maize seed. Since maize and cowpea drop leaves prior to 

grain maturity, their residues (leaves and stem) always remained in the field irrespective of treatment. 

After harvest of maize and cowpea, the plot was prepared by strip-tilling rows with hand held hoes for 

planting of cover crops. Each plot was split into thirds and assigned to one of three cover crop treatments: 

no cover crop i.e. fallow (F), mustard (Brassica campestris L.) as cover crop (M), and horse gram 

(Macrotyloma uniflorum) as cover crop (H). The crops were harvested approximately 75 days after 

sowing, and all residues were returned back to their respective plots after threshing.  

4.2.3. Soil sampling 

Soil samples were collected with a soil auger after three years of treatment establishment i.e. in May 

2014. The samples were collected from two depths (0-10 and 10-20 cm) in three randomly selected 

sampling points for each plot. The three sub-samples at each sampling point and depth class were mixed 

thoroughly to get one composite sample for each depth class per plot. After being transferred to the 

laboratory, the field-moist soil samples were passed through an 8-mm sieve, air-dried, and one part was 

further crushed to pass a 2-mm sieve before C and N analysis and physical fractionation. 

4.2.4. Isolation of soil particulate organic matter (POM)  

A combination of size and density fractionation was used in order to separate the soil into four 

different fractions; a free particulate organic matter (POM), a light POM, a heavy POM + sand, and a 

silt+ clay fraction for 0-10 and 10-20 cm soil depth (Crow et al., 2009). Briefly, 30 g of soil sample was 

placed in a 250 ml conical tipped Nalgene centrifuge bottles and 100 ml of deionized water was added to 



79 
 

it followed by shaking on a bench top shaker for one hour. After settling for 24 h, materials floating in the 

water were aspirated and removed by vacuum filtration using a Whatman GF/F filter, dried at 60˚C and 

weight recorded as the “free POM”. Shaking and aspiration was repeated until no material floated 

(typically 2 cycles). The volume of the bottle with remaining sample was raised to 200 ml by deionized 

water and 1 g of sodium hexametaphosphate (HMP) was added to make a 0.5% solution of HMP. Bottles 

were shaken overnight (~ 15 h) to fully disrupt the soil aggregate structure. The soil-HMP slurry was 

passed through a 53 µm sieve. The > 53 µm material (consisting of organic debris and sand) was rinsed, 

dried at 60˚C overnight and weighed. Material that passed through the sieve was dried at 60˚C then 

weighed, and recorded as “silt+ clay” fraction.   

To facilitate the separation of organic debris from sand, 50 ml of a 1.85 g ml
-1

 solution of sodium 

polytungstate (SPT, Geoliquids, IL, USA) was added to the >53 µm material (taken in a 250 ml conical 

Nalgene centrifuge bottle) and vigorously shaken for 60 s by hand. Debris stuck to the lid and sides was 

rinsed down into the floating material and centrifuged in an Eppendorf Centrifuge at 2800 ×g for 10 min. 

After settling, the heavy fraction sank (heavy POM + sand) and the floated material was aspirated from 

the surface, vacuum-filtered using a Whatman GF/F filter, rinsed thoroughly with distilled, deionized 

water to remove excess SPT, dried at 60˚C, weighed and recorded as “light POM”. The heavy fraction 

was collected in a same way as light POM, dried at 60˚C, and the weight was recorded as “heavy POM + 

sand” fraction. 

The density of SPT, 1.85 g ml
-1 

was chosen based on an experiment conducted on base soil sample 

with a range of solution densities (i.e. 1.4, 1.6, 1.85, and 2.0) to determine the most appropriate density at 

which the POM C recovery is maximum. 

4.2.5. Elemental analysis 

Each bulk soil and soil fraction was dried at 60˚C, sub sampled and ground with a mortar and pestle 

until the entire sample passed through a 250 µm sieve to ensure homogeneity. The concentration of C and 
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nitrogen (N) was determined by oxidation-combustion (Costech, Inc., CHN Analyzer). The C content of 

the bulk soil and soil fractions was calculated by multiplying their mass with their respective C 

concentration value. Then the C content in each fraction was added (C recovered) and compared to the 

total C in the bulk soil for each sample. Losses of C during the fractionation were determined by the 

difference between recovered and total C (Crow et al., 2007).  

4.2.6. Statistical analysis 

All data were analyzed using the SPSS statistical software package (SPSS, 17.0). To test the effects of 

tillage, cropping system and residue retention, a general linear model analysis of variance designed for 

split plot was performed with tillage and cropping system as main plot treatments and residue retention as 

sub plot treatment. Comparison of means was conducted using Tukey’s Honest significant difference 

(HSD) when either main or interaction effects were significant at a significance level of 0.05. 

4.3. Results 

4.3.1. Effect of tillage, cropping system and residue retention on mass recovery and quality of POM in 0-

10 and 10-20 cm soil depth 

The three principal proponents of CAPS i.e. tillage, cropping system and residue retention did not 

show any significant effect on mass recovery of soil fractions except light POM (P < 0.05). However, 

silt+ clay fractions comprised 67% the total recovered mass, followed by the heavy POM + sand fraction, 

which represented 31% (Table 4.1). As for light POM in 0-10 cm soil depth, retention of mustard residue 

resulted in greater mass recovery of light POM than did fallow (1.68% vs. 1.28%, respectively) (P = 

0.039). Further, in 10-20 cm soil depth, both cropping and residue retention had significant impacts on 

mass recovery of light POM (Table 4.1). Maize cowpea intercropping resulted in higher light POM than 

did sole maize cropping (1.15% vs. 0.88%, respectively) (P = 0.049) whereas mass recovery of light 

POM in mustard residue retention was significantly higher as compared to that of fallow (1.15% vs. 

0.82%, respectively) (P = 0.006). The mass recovery of free POM was very low, around 0.2 mg, the 
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equivalent of 0.02% of total bulk soil for 0-10 cm soil depth, while it was negligible for the 10-20 cm soil 

depth. However, the C and N concentrations in free and light POM were inversely related to their masses 

(Table 4.1 and 4.2).  

Table 4.1 

Effect of tillage, cropping system and residue retention on POM mass recovery (%) for 0-10 and 10-20 

cm soil depth 

† CAPS 

components 

Free POM Light POM Heavy POM + sand Silt + clay 

0-10 cm 

Tillage     

CT 0.02 ± 0.00  1.35 ± 0.21   31.95 ± 1.27  66.69 ± 1.23  

MT 0.02 ± 0.01  1.57 ± 0.21   30.81 ± 0.97  67.59 ± 1.04  

Cropping system     

M 0.02 ± 0.01  1.41 ± 0.22   31.22 ± 1.18  67.35 ± 1.11  

M + C 0.02 ± 0.00  1.51 ± 0.24   31.54 ± 1.17  66.93 ± 1.21  

Residue retention     

F 0.01 ± 0.00  1.28 ± 0.26  a 31.02 ± 1.40  67.69 ± 1.38  

Mu 0.03 ± 0.01  1.68 ± 0.15  b 31.43 ± 1.14  66.87 ± 1.15  

H 0.02 ± 0.00  1.43 ± 0.22  ab 31.70 ± 0.97  66.85 ± 0.93  

Average 0.02 ± 0.01 1.46 ± 0.23 31.38 ± 1.16  67.14 ± 1.15  

10-20 cm 

Tillage     

CT 0.00 ± 0.00  0.96 ± 0.22  31.65 ± 0.97  67.38 ± 0.97  

MT 0.00 ± 0.00  1.04 ± 0.11  30.77 ± 1.50  68.27 ± 1.47  

Cropping system     

M 0.00 ± 0.00  0.88 ± 0.14  A 31.27 ± 1.06  67.84 ± 1.01  

M + C 0.00 ± 0.00  1.11 ± 0.19  B 31.15 ± 1.48  67.81 ± 1.49  

Residue retention     

F 0.00 ± 0.00  0.82 ± 0.10  A 31.32 ± 1.28  68.00 ± 1.24  

Mu 0.00 ± 0.00  1.15 ± 0.19  B 31.56 ± 0.99  67.28 ± 1.00 

H 0.00 ± 0.00  1.01 ± 0.19  AB 30.74 ± 1.54  68.20 ± 1.53  

Average 0.00 ± 0.00 1.00 ± 0.18 31.21 ± 1.27 67.83 ± 1.26  
†CT, conventional tillage; MT, minimum tillage  

M,  sole maize cropping; M+C, maize cowpea intercropping 

F, fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover. 

Values are means ± one standard error. Values of a particular fraction within each CAPS component followed by 

different letters (lowercase for 0-10 and uppercase for 10-20 cm soil depth) are significantly different at P < 0.05 

according to Tukey’s HSD test.  
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For 0-10 cm soil depth, the mean C and N concentrations of free POM were 32.91% and 1.81% 

respectively while the light POM C and N were 24.46% and 1.87% respectively. Free POM contained a 

higher N concentration in minimum tillage combined with sole maize followed by horsegram residue 

retention than the same under conventional tillage (2.08% vs. 1.60%) (P = 0.018) (Table 4.2).  Though C 

concentrations in both light and heavy POM remained unaffected by CAPS components, silt+ clay C% 

was significantly affected by residue retention and its interaction with cropping system. Mustard residue 

retention alone and in combination with maize intercropping had higher C concentration as compared to 

fallow (P < 0.038) and fallow combined with intercropping (P < 0.035), respectively (Table 4.2 and Fig 

4.1B). The lowest C concentration was in heavy POM + sand fraction, 0.39 % whereas the silt + clay 

fraction C and N concentration were of 1.37% and 0.16 %, respectively. The C: N ratios of free POM and 

silt + clay fraction ranged from 17.65 to 19.65 and 8.71 to 9.08, respectively. The light POM range was 

less (13.05 to 13.15). The mean C: N ratios decreased in the order free POM (18.51%) > light POM 

(13.10%) > silt clay fraction (8.90%) (Table 4.2). 

For 10-20 cm soil depth, C and N concentrations of the light POM fraction were significantly 

increased by residue retention and cropping × residue retention (Table 4.3 and Fig. 4.2). Both mustard 

and horsegram residue retention resulted in higher C (P = 0.011) and N (P = 0.007) concentrations of 

light POM as compared to fallow. Similarly, maize cowpea intercropping followed by no residue 

retention (i.e. fallow) retained significantly more C in the light POM fraction than did sole maize 

followed by horsegram and maize cowpea intercropping followed by mustard (Fig. 4.2A) (P = 0.008). A 

similar trend was seen for N concentration associated with light POM fraction (P = 0.013) (Fig.4. 2B).  

While cropping system had no visible impact on upper soil layers, significant effects were apparent in 

deeper soil layers i.e. 10-20 cm soil depth. Again the range of C, N concentration and C: N ratio of 

various soil fractions did not vary much between the soil layers.     
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Table 4.2 Effect of tillage, cropping system, and residue retention on POM C (%), N (%) and C: N for 0-10 cm soil depth 

† CAPS components Free POM Light POM ‡ Heavy 

POM + 

sand 

Silt + clay 

 %C %N C:N %C %N C:N %C %C %N C:N 

Tillage (T)           

CT 33.13 ± 2.21  1.73 ± 0.09 19.37 ± 1.80 24.79  ± 1.53 1.89 ± 0.12  13.11 ± 0.24 0.42 ± 0.05 1.37 ± 0.15 0.15 ± 0.01 9.06  ± 0.39 

MT 32.69 ± 1.39  1.90 ± 0.15 17.65 ± 1.97 24.13  ± 1.74 1.84 ± 0.13 13.09 ± 0.21 0.37 ± 0.05 1.37 ± 0.10 0.16 ± 0.02 8.73  ± 0.59 

Cropping system (C)            

M 33.32 ± 1.48 1.81 ± 0.14 18.76 ± 2.05 24.39  ± 1.44 1.86 ± 0.11 13.15 ±  0.22 0.40 ± 0.05 1.34 ± 0.13 0.16 ± 0.02 8.71  ± 0.65 

M+C 32.50 ± 2.13 1.82 ± 0.13 18.25 ± 1.85 24.52  ± 1.84 1.88 ± 0.13 13.05 ±  0.22 0.39 ± 0.05 1.40 ± 0.13 0.15 ± 0.01 9.08  ± 0.29 

Residue retention (R)           

F 32.86 ± 1.34 1.89 ± 0.12  17.69 ± 1.69  24.88  ± 1.73  1.89 ± 0.13 13.14 ±  0.23 0.40 ± 0.05 1.30 ± 0.10 a 0.15 ± 0.01 8.89  ± 0.43 

Mu 33.56 ± 0.83 1.74 ± 0.13  19.65 ± 1.59  23.98  ± 1.49  1.83 ± 0.11 13.11 ±  0.25 0.42 ± 0.07 1.46 ± 0.17 b 0.17 ± 0.03 8.85  ± 0.67 

H 32.30 ± 2.80 1.81 ± 0.14  18.19 ± 2.39  24.51  ± 1.75  1.88 ± 0.13 13.05 ±  0.20 0.37 ± 0.03 1.35 ± 0.09 ab 0.15 ± 0.01 8.96  ± 0.41 

Average 32.91 ± 1.82 1.81 ± 0.13 18.51 ± 1.93 24.46  ± 1.63 1.87 ± 0.12 13.10 ±  0.22 0.39 ± 0.09 1.37 ± 0.13 0.16 ± 0.02 8.90  ± 0.50 

Interactions ns T × C × R T × C × R ns ns ns ns C × R ns ns 

 

 

Table 4.3 Effect of tillage, cropping system, and residue retention on POM C (%), N (%) and C: N for 10-20 cm soil depth 

†CAPS components Light POM ‡ Heavy POM  

+ sand 

Silt + clay 

 %C %N C:N %C %C %N C:N 

Tillage (T)        

CT
 

24.49  ± 0.90 1.84 ± 0.08  13.36 ± 0.33 0.23 ± 0.03 1.17 ± 0.10 0.12 ± 0.01 9.61  ± 0.50 

MT 24.30  ± 0.66 1.86 ± 0.07 13.06 ± 0.32 0.27 ± 0.05 1.19 ± 0.13 0.12 ± 0.02 10.07  ± 0.71 

Cropping system (C)         

M 24.51  ± 0.72 1.83 ± 0.07 13.41 ±  0.36 0.24 ± 0.05 1.17 ± 0.10 0.12 ± 0.02 9.57  ± 0.58 

M+C 24.27  ± 0.85 1.87 ± 0.08 13.01 ±  0.27 0.26 ± 0.04 1.20 ± 0.13 0.12 ± 0.02 10.11  ± 0.64 

Residue retention (R)        

F 25.26  ± 0.65  a 1.94 ± 0.08  a 13.07 ±  0.32 0.24 ± 0.03 1.13 ± 0.10  0.12 ± 0.01 9.96  ± 0.63 

Mu 23.94  ± 0.87  b 1.81 ± 0.06  b 13.26 ±  0.40 0.27 ± 0.04 1.20 ± 0.10  0.12 ± 0.02 9.80  ± 0.52 

H 23.98  ± 0.58  b 1.81 ± 0.06  b 13.29 ±  0.29 0.25 ± 0.06 1.22 ± 0.14  0.13 ± 0.02 9.76  ± 0.75 

Average 24.39  ± 0.78 1.85 ± 0.07 13.21 ±  0.33 0.25 ± 0.04 1.18 ± 0.11 0.12 ± 0.02 9.84  ± 0.62 

Interactions C × R C × R ns ns ns ns ns 
 

†CT, conventional tillage; MT, minimum tillage; M,  sole maize cropping; M+C, maize cowpea intercropping; F, fallow (no cover crop); Mu, mustard residue as cover; H, 

horsegram residue as cover.Values are means ± one standard error. ‡ %N and C: N values are not calculated for Heavy POM+ sand due to very low N concentration in the fraction. 

Values of a particular fraction within each CAPS component followed by different letters are significantly different at P < 0.05 according to Tukey’s HSD test. 
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Fig. 4.1. Effects of Tillage × Cropping system × Residue retention on free POM %N and C: N (A) and effects of Cropping system × Residue 

retnetion on silt + clay %C (B) for 0-10 cm soil depth; bars are mean ± one standard error. Values followed by different letters are significantly 

different at P < 0.05 according to Tukey’s HSD. (CT, conventional tillage; MT, minimum tillage; M,  sole maize cropping; M+C, maize cowpea intercropping; F, fallow 

(no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover)
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Fig. 4.2. Effects of Cropping system × Residue retention on light POM %C (A) and % N (B) for 10-20 cm soil depth; bars are mean ± one 

standard error. Values followed by different letters are significantly different at P < 0.05 according to Tukey’s HSD. (CT, conventional tillage; MT, 

minimum tillage; M,  sole maize cropping; M+C, maize cowpea intercropping; F, fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover 
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Fig.4. 3. Effect of CAPS on relative C balance among soil POM fractions for 0-10 cm soil depth; bars are 

mean values ± one standard error. (CT, conventional tillage; MT, minimum tillage; M,  sole maize cropping; 

M+C, maize cowpea intercropping; F, fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue 

as cover). 
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Fig. 4.4. Effect of CAPS on relative C balance among soil POM fractions for 10-20 cm soil depth; bars 

are mean values ± one standard error. (CT, conventional tillage; MT, minimum tillage; M,  sole maize cropping; 

M+C, maize cowpea intercropping; F, fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue 

as cover). 
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components had variable impacts on distribution of C among the soil recovered fractions for both the soil 

layers (Table 4.4). For 0-10 cm, soils having mustard residue retention had significantly higher recovered 

C in light POM than fallow (21% vs. 16%, respectively) (P = 0.007) whereas C recovery in heavy POM + 

sand and silt + clay fractions remain unaffected by the CAPS treatments.  A similar trend was also seen 

for 10-20 cm soil depth having higher C recovery of light POM in mustard residue retention plots than 

fallow (17% vs. 13%, respectively) (P = 0.012). Cropping system had significant effect on light POM C 

recovery for 10-20 cm soil depth with greater value in maize cowpea intercropping than sole maize 

cropping (16% vs. 14%, respectively) (P = 0.046). Similarly soils under fallow had more loss of C than 

those with the retention of mustard residues (30% vs. 21%, respectively) (P = 0.011) for 0-10 cm soil 

depth. Furthermore for 10-20 cm soil depth, fallow resulted in more loss of C than those with the 

retention of either mustard or horsegram residues (35% vs. 30% and 27%, respectively) (P = 0.004) 

(Table 4.4). 
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Table 4.4 

Effect of tillage, cropping system and residue retention on proportion of POM C (of bulk soil C) for 0-10 

cm and 10-20 cm soil depth 

 †CAPS 

components 

Light POM C Heavy POM + sand C Silt + clay C C lost 

0-10 cm 

Tillage     

CT 0.18 ± 0.02   0.07 ± 0.01  0.49 ± 0.05  0.26 ± 0.06  

MT 0.20 ± 0.02   0.06 ± 0.01  0.49 ± 0.03  0.25 ± 0.04  

Cropping system     

M 0.18 ± 0.02   0.07 ± 0.01  0.49 ± 0.05  0.26 ± 0.06   

M + C 0.19 ± 0.02   0.07 ± 0.01  0.49 ± 0.03  0.25 ± 0.04   

Residue retention     

F 0.16 ± 0.02  a 0.07 ± 0.01  0.47 ± 0.04  0.30 ± 0.05  a 

Mu 0.21 ± 0.01  b 0.07 ± 0.01  0.51 ± 0.05  0.21 ± 0.05  b 

H 0.18 ± 0.02  ab 0.06 ± 0.01  0.49 ± 0.03  0.26 ± 0.03  ab 

Average 0.19 ± 0.02 0.07 ± 0.01 0.49 ± 0.04  0.26 ± 0.05 

10-20 cm 

Tillage     

CT 0.14 ± 0.02   0.05 ± 0.01  0.50 ± 0.03  0.31 ± 0.04  

MT 0.15 ± 0.02   0.05 ± 0.01  0.50 ± 0.03  0.30 ± 0.04  

Cropping system     

M 0.14 ± 0.02  A 0.05 ± 0.01  0.50 ± 0.03  0.32 ± 0.04   

M + C 0.16 ± 0.02  B 0.05 ± 0.01  0.49 ± 0.03  0.30 ± 0.04   

Residue retention     

F 0.13 ± 0.02  A 0.05 ± 0.01  0.48 ± 0.03  0.35 ± 0.03  A 

Mu 0.17 ± 0.02  B 0.05 ± 0.01  0.49 ± 0.03  0.30 ± 0.04  B 

H 0.15 ± 0.02  AB 0.05 ± 0.01  0.53 ± 0.02  0.27 ± 0.02  B 

Average 0.15 ± 0.02 0.05 ± 0.01 0.50 ± 0.03  0.31 ± 0.04 
†CT, conventional tillage; MT, minimum tillage  

M,  sole maize cropping; M+C, maize cowpea intercropping 

F, fallow (no cover crop); Mu, mustard residue as cover; H, horsegram residue as cover. 

Values are means ± one standard error. Values of a particular fraction within each CAPS component followed by 

different letters (lowercase for 0-10 and uppercase for 10-20 cm soil depth) are significantly different at P < 0.05 

according to Tukey’s HSD test.  

4.4. Discussion 

The results of the size and density fractionation in this study showed that mustard residue retention 

significantly increased both weight and C recovery of light POM and less C loss as compared to fallow 

for both the soil depths (Table 4.1 and 4.4). We initially hypothesized that as light POM is predominantly 

comprised of plant origin, retention of cover crop residues would increase the size of the POM pool 

through direct inputs, prevention of soil erosion and perhaps through improved formation and 
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stabilization of aggregates. This hypothesis was based on the fact that when fresh residues enter the soil, 

they become sites for microbial activity and nucleation centers for aggregation (Puget et al., 1995; 

Jastrow, 1996). This is in agreement with various other findings (Nascente et al., 2013; Loss et al., 2009; 

Bayer et al., 2006; Pinheiro et al., 2004; Ding et al., 2006) where quantitative increases in light POM 

fraction were reported under cover crop residue managed system vs. no cover crop system. This was 

obviously due to the lack of plant residues under no cover crop i.e. fallow which might have resulted in 

less aggregate formation, thereby increasing the C loss and indicating less physical protection of SOM in 

the system. Furthermore, horsegram residue retention remained at par with both mustard and fallow 

system, suggesting an intermediate stage of plant decomposition and microbial contribution from 

horsegram residue (Six et al., 2002). Further no significant impact of tillage and cropping system was 

found on light POM fraction (Table 4.1 and 4.4) for 0-10 cm soil depth, probably because the duration (3 

year) was not long enough to cause a significant change in the POM content in upper layers. This was 

partly supported by Six et al. (1999) suggesting that initial incorporation of crop-derived C into 

aggregates remain similar across the tillage systems. However, a significant effect of cropping system was 

seen in deeper soil layers i.e. 10-20 cm soil depth. Both the mass and C recovery of light POM was higher 

under maize cowpea intercropping as compared to sole maize cropping (Table 4.1 and 4.4) suggesting 

direct input from cowpea root residues and thus the formation and protection of light POM in deeper 

layers. Similar effect of active root growth on soil macro and micro fauna was reported by Six et al. 

(2002). According to Clark et al (1994) winter cover crops have extensive rooting systems leading to 

greater SOM contribution in deeper soil layers than shallow rooting systems. This active microbial 

activity was further reflected in C and N concentration of light POM where the values were lowest in 

intercropping plots combined with mustard residue retention suggesting rapid processing of added 

residues (Table 4.3 and Fig 4.2). Interestingly, the C and N concentration and the C: N ratio in light POM 

fraction in the 0-10 cm soil depth remained unaffected by the CAPS proponents (Table4. 2) even though 

the pool showed a significant impact of mustard residue on mass and C recovery (Table 4.1 and 4.4). 

Therefore, it seems more likely that the mustard residues decomposed rapidly and therefore the effects 
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were no longer detectable in POM pool quality. This explanation was further strengthened by the fact that 

mustard residue alone and in combination with intercropping had higher C concentration in silt + clay 

fraction (Fig. 4.1) which might be due to redistribution of SOM from the labile fractions to mineral 

associated fractions, which generally occur in advanced stages of decomposition (Nascente et al., 2013; 

Cambardella and Elliott, 1992). 

Overall, the mass of C in silt+ clay fraction dominated (around 50%) that in the bulk soil which is 

lower than other reported results of SOM fractions (e.g. Nascente et al. (2013), Ashagrie et al. (2007) and 

Roscoe et al. (2001) reported it to be around 90% of total C). However, this difference was mainly due to 

the variability of fractionation procedures followed and most importantly the ‘C lost’ pool was not 

considered in any of these studies. Similarly heavy POM + sand fraction, even though it comprised 31% 

of total mass (Table 4.1), had a very low contribution (5-7%) to the total C (Table 4.4). Predominance of 

sand in the fraction probably caused such a result (Table 4.2 and 4.3).  

It is important to note that although light POM represented 1-1.46% of total mass (Table 4.1), it 

accumulated 15-19% of bulk soil C for both the soil layers (Table 4.4).  Similar range of C recovery in 

light POM fraction (i.e. 19-21%) was also reported by Nascente et al. (2013), and Roscoe et al. (2001). 

This suggests light POM fraction to be a sensitive indicator of soil management changes (Linsler et al., 

2013; Frazo et al., 2010; Garcia, 2010; Jinbo et al., 2007). Effects of cover crop residues along with 

tillage and cropping systems on future C accumulation could be quickly evaluated by assessing the light 

POM fraction. However, another approach that could provide more insight into the relative distribution of 

C in long term is to conduct C dating (
14

C) analysis to separate new from old soil C in all fractions, 

especially in silt + clay fraction.   
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4.5. Conclusion 

Addition of organic matter through mustard residue retention resulted in increased mass and C 

recovery in light POM fractions for both 0-10 and 10-20 cm soil depths. Additionally, maize cowpea 

intercropping and residue retention had positive significant effect on light POM fractions in deeper soil 

layers. Therefore light POM could be utilized as a sensitive indicator for assessing short term impact of 

CAPS management regimes on soil quality. Positive effects of cropping system and residue retention on 

SOM also suggest a better, improved and sustainable ecosystem in long run. 
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Chapter 5 

Conclusion 

 

5.1.  Prospects of CAPS adoption among small holder farming communities of Odisha, India  

Conservation agriculture production system (CAPS) is a set of cropping principles aiming at 

sustaining high crop yields with minimum negative consequences for the resource base – i.e. water, soil, 

and surrounding natural environment. More specifically, conservation agriculture has received increasing 

attention as a means to increase food security and to combat the deteriorating environmental conditions 

threatening smallholder farming systems. Whilst from on-station experiments there is ample evidence of 

long-term positive impacts of conservation agriculture on crop yield and soil quality, less is known about 

the short-term impact and their prospects of adoption to local smallholder farming conditions. Filling this 

knowledge gap is crucial as smallholder farmers are concerned with meeting their immediate needs, and 

are therefore easily deterred from adopting technologies that entail no yield benefits in the short term. In 

this context, the short-term crop yield results from this study are important as they determine to a large 

extent the attractiveness of conservation agriculture production systems to farmers in an area. Since our 

results; a) dispel the idea of initial yield reduction in minimum tillage practices; b) identified cowpea as a 

profitable bonus; c) increased mustard and horsegram grain yields in intercropping plots may further 

encourage adoption of CAPS, considering the predominance of smallholder subsistence farming systems 

in the study area.  Again, insufficient levels of residue production in conservation agriculture systems 

have been found critical in recuperating soils and numerous ecosystem services associated with it. 

Though the exact amount of residue required to improve soil properties is still not known, the quantity 

and quality of biomass produced during this study especially mustard has been shown to have positive 

impact on most of the soil properties including the light particulate organic matter. Furthermore, 

intercropping of maize with cowpea not only increased net economic benefits but also significantly 

increased light POM C mass in deeper layers. After three years of CAPS implementation in this study, 
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intercropping maize and cowpea under minimum tillage along with mustard residue cover presents a win-

win scenario due to improved crop yield, increased economic return and trends of increasing soil fertility. 

However, in order to promote adoption of the suitable CAPS in local agricultural context of Odisha, it 

would be necessary to put appropriate policy and institution arrangements in place. Though our study 

includes the use of familiar crops and simple technologies, there is a need to create awareness among the 

tribal farmers about the importance of CAPS as complete package especially the practice of cover crop 

residue retention. Institution mediated workshops; electronic media support at a large scale is a must to 

convey these aspects to the farmers. Also to promote CAPS at the field level, it would be prudent to have 

convergence with on-going agriculture and rural development schemes of the Government of India (GoI) 

like: Rashtriya Krishi Vikas Yojana (RKVY) which supports rural and agricultural activities in backward 

districts of India; National Food Security Mission (NFSM) that undertakes programmes to augment food 

production in economically backward and less productive areas of India. 

5.2.  Future research 

Soil tillage intensity, along with crop residue management, influences soil organic matter (SOM) 

turnover and is considered to be one of the key factors in regulating soil carbon (C) balance. An 

assessment of the impact of cultivation practices (e.g., tillage, cropping system and crop residue return) 

on soil organic carbon (SOC) is of the utmost priority in planning agricultural and environmental policies. 

It is well known that besides agricultural management regimes many other factors such as climate and soil 

properties influence SOC changes over time. Because of a large uncertainty in measured changes in soil C 

contents, especially in the first few years after a change in cultivation system, and the need to reduce the 

influence of inter-annual variation in the weather, the potential of the agroecosystems for C sequestration 

needs to be observed over a longer time-scale, probably over a century. To estimate SOM turnover, a 

sequence of SOC content measurements over time is needed, along with measurements of C input to the 

soil. The SOC stocks can be affected either through change in C input or through changes in the SOM 

turnover rate. These are essentially just different ways of influencing the overall C flow pathways in the 
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soil, and a modeling approach should address the effects of both these ways of influencing soil C stocks. 

Process based models are an effective way to evaluate SOC changes over variable environmental 

conditions and management practices. In recent decades, the development and evaluation of soil organic 

matter models has improved the understanding of factors controlling SOC dynamics, and thus increased 

our ability to predict future SOC trends. A number of crop-soil-simulation models have been developed 

such as APSIM (Agricultural Production Systems sIMulator), RothC model, CENTURY model and the 

Cropping System Model (CSM) of DSSAT (Decision Support Systems for Agrotechnology Transfer) 

model. Among these, the CENTURY model seems to fit our study in order to simulate SOC changes 

under these systems as the model has a SOM sub model and is especially developed to deal with a wide 

range of cropping systems and tillage practices. So far rainfed agroecosystems have not been incorporated 

extensively in these models, but the basic management practices and C cycling mechanisms are similar 

for all agroecosystems. Simulating different inputs and fluxes affected by tillage types (conventional 

tillage vs. minimum tillage), cropping (maize vs. maize cowpea intercropping) and residue retention 

(fallow vs. mustard and horsegram residue management), and calibrating the model based on basic field 

measurements including some new variables such as water stable aggregates and SOM fractions would 

provide a powerful tool to explore the SOC dynamics and thus will help to design optimal CAPS 

management agroecosystem. 

 

  

 

 

 

 

 


