Development of an integrated approach for introducing conservation agricultural practices to the tribal communities of Odisha, India
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Abstract
The smallholder farmers in the tribal areas of Odisha State, India have struggled to produce adequate crop yields under their current low input, continuous mono-crop farming system. The introduction of a Conservation Agriculture Production System (CAPS) has been proposed as a method to mitigate degradation of soils occurring under current farming practices and to improve crop yields while minimizing the use of additional inputs. The objective of this project was to develop an alternative cropping system to provide sustainable income and crop yields for the tribal farm families in the district of Kendujhar, Odisha State, India. Three approaches for maize production were introduced, incorporating the primary principles of CAPS: minimum tillage, crop rotation, and continuous soil cover. The CAPS treatments included combinations of no-till, maize-cowpea intercrop, and relay-cropping with a cover crop. The methodology followed an integrative, sequential approach to evaluate the agronomic, environmental and economic effects of different CAPS treatments on farm households. A complete randomized block design experiment with eight treatments and three replications was conducted from June to December 2010 to evaluate changes in yield, labor, and input costs for different CAPS approaches. A socioeconomic survey was conducted in the village to assess the farmer practices, inputs, labor demands, and crop yields. The results were then incorporated into a representative farm household model to evaluate the impact of these treatments on potential farm income. Results of the experimental plots showed that no-till maize intercropping with cowpea had the best outcome as the highest yielding CAPS scenario with the greatest prospect for income generation and sustained household food security. This approach, with its emphasis on the integration of site-specific crop production outputs, labor demands, and market analysis, will help to introduce the concept of CAPS to farmers, while developing sustainable farming systems and securing livelihoods for rural India. 
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Introduction
Kendujhar is one of the poorest tribal districts in the East Indian state of Odisha. Located in the North Central Plateau agro-climatic zone of the state and consisting primarily of small villages with 30-100 households, the tribal districts rely on continuous, low-input subsistence farming and have limited opportunity for external income generation. Farms in these villages tend to be located on marginal lands with farm sizes generally less than two hectares and produce rice and maize as the predominant staple crops. Use of costly agricultural inputs such as inorganic fertilizers and pesticides are not common as more than 40% of farmers earn less than 100 INR (2 USD)/mo/capita. 
Crop yields throughout Odisha are relatively low, with typical commercial yields of 1.5 Mg ha‑1 for rice and 2.2 Mg ha‑1 for maize (government of Odisha 2010). In Kendujhar, however, yields may be reduced to 10-20% of the statewide average. In contrast to commercial production, tribal farms typically use local varieties of maize and rice under a rain-fed production system with moderate to low amendments of farmyard manure. Research has shown that cultivation with low inputs leads to overall diminished soil structure with reduced soil fertility, water holding capacity, biological activity, and organic matter (Vlek et al. 1997). In addition, conventional tillage methods and bare soils during fallow periods degrade soil quality, affecting the potential for sustainable yields over the long term (Hobbs et al. 2008). 
Introduced agricultural technologies in these tribal areas must consider farmers’ small landholdings, low income, poor access to credit, and limited technical capacity. Conservation Agricultural Production Systems (CAPS), which promote natural resource conservation while improving crop yields and food security, are an ideal approach for improving agricultural production and reducing environmental degradation in subsistence farming communities. CAPS follow a general set of practices that focus on three main principles: minimum tillage, continuous soil cover, and optimal crop rotation (FAO 2000). As a whole, this systemic approach encourages soil and water conservation while providing the potential for reduced labor of tillage and weeding (Bishop-Sambrook 2003). Evidence shows that conservation tillage and legume intercropping or rotational cropping can result in significant improvements to maize yields. While no-till treatments have proven beneficial to soil conservation, it has been shown to sometimes depress maize yields (Monneveux et al. 2006). Nevertheless, natural resource benefits of these conservation practices include improved soil N and C, reduced weed pressure, and increased water retention and uptake by crops (Hobbs et al. 2008). To date, there has been little published on the potential benefits or tradeoffs of integrated CAPS, particularly in Odisha; however, research suggests that combining these practices can improve production through the optimization of soil fertility and water infiltration.
To develop appropriate CAPS for a given community, however, farmers must be engaged in the development process of such production systems. Any introduced agricultural technology should reflect an understanding of current farmer practices, indigenous agricultural knowledge, technological capacity, and preferences for both crop selection and conservation agricultural practices (Bloem et al. 2009). This requires a comprehensive survey of not only the agricultural system, but also of agricultural markets, farm household characteristics, income generating activities, access to savings or credit, and/or government subsidies. Through developing an understanding of the internal and external factors affecting agricultural system management, researchers and development specialists can work with farmers to integrate an optimal CAPS, maximizing the long-term sustainability of low-input subsistence agriculture. This can be achieved through the implementation of localized experimental field trials, rural assessments of farmer practices, and the integration of proven agronomic methods with local capacities. 

Objectives
The purpose of this research was to evaluate the feasibility of introducing CAPS to tribal farmers in Kendujhar District, Odisha State, India through: (i) the establishment of maize-based experimental trials to assess the yield and soil effects of minimum tillage, intercropping, and cover cropping; (ii) economic surveying of farm households to establish current farming practices, input use, crop yields, prices, and income to create a farm household budget; and (iii) integration of objectives (i) and (ii) to conduct economic and soil environmental analysis of potential farm benefits and costs of introducing CAPS into current farming systems.  
Methods
Experimental trials

In June 2010, a field trial was established on a fallow terrace at the Orissa University of Agriculture and Technology (OUAT) research station in the district of Kendujhar, Odisha State, India. The treatments for the trial were based on results of an initial Rapid Rural Assessment and focus groups with farmers from three tribal villages. Further consultation with OUAT experts verified that the treatment variables would be appropriate modifications to current farmer practices and viable for future replication on farmer fields. A total of eight treatments were used to assess three factors: (1) minimum tillage; (2) maize/cowpea intercrop; and (3) a post-harvest cover crop. Each treatment consisted of either conventional (CT) or minimum (MT) tillage, intercropping (IC) or monocropping (MC), and covercrop (CC) or no cover crop (NCC). The eight treatments used were: CT/IC/NCC (representing farmer practice), MT/MC/NCC, MT/MC/CC, CT/MC/NCC, MT/IC/NCC, MT/IC/CC, CT/MC/CC, and CT/IC/CC (representing a full CAPS treatment). A randomized complete block design with three replications was used with 5 x 10 m plots. Seven days before sowing, all plots, including minimum tillage treatments, underwent an initial cross-plowing and amendment of a locally produced compost and steer manure mixture at an approximate rate of 0.15 m³ per plot. Conventional tillage treatments received a second land clearing prior to sowing. Treatments with maize (Zea mays L.) and cowpea (Vigna unguiculata L.) intercropping had equivalent maize planting densities as the maize-only treatments with the addition of cowpea sown in the inter-rows. Cowpea was sown at the time of maize planting. Horse gram (Macrotyloma uniflorum L.) was used as the post-harvest cover crop and was left as crop residue in the field. The treatment with conventional tillage, maize monocrop, and no post-harvest cover crop was used as a control and represented conventional farming practices. Fields were rain-fed for the duration of the experiment, with an average rainfall of 1100 mm during the June-September cropping period.
Since agricultural land in the study area tends to be sloping and subject to erosion, it is important to measure differences between different soil horizons. Five soil core samples were collected at two depths (0-5 and 0-15 cm) from all plots prior to maize sowing and at the end of the cover crop season to assess differences in soil moisture content, pH, and bulk density on two horizons. Soil measurements were collected from soil samples taken before sowing and after the cover crop season of the experimental trials. An analysis of variance was used to determine statistical significance in the change in pH and bulk density (Infostat 2012, (=0.05) between the conservation agriculture treatments. Additionally, yields of maize and cowpea, as well as labor and input use for all plots were collected and measured. Labor was recorded in terms of number of persons involved and number of hours to complete each agricultural task during the extent of the crop season. Inputs, such as farmyard manure and seed, were also recorded at the time of sowing. An analysis of variance was used to assess statistical differences ((=0.05) in the agronomic data (Infostat, 2012). 
Economic surveys

Surveys were conducted using a random sample from 148 households in three selected tribal villages (Tentuli, Saharpur, and Gopinathpur) in Kendujhar District. The villages were selected based on their poor socioeconomic situation and the potential for improvements to their agricultural production systems. Thirty-five households were randomly selected from household lists of each village, representing 24% of the total population of the three villages. Data collection methods were designed to collect both qualitative and quantitative data. The questionnaire consisted of six sections: family profile, assets, land and input use, labor use, agricultural output, and market transactions. Primary data was collected through extensive surveys by conducting face-to-face interviews with household heads. Surveying took place in June and December 2010, from which a representative farm household model was developed to establish common practices, farming systems, and related expenditures. Furthermore, the baseline data was used to construct representative maize-based production budgets to reflect the monetary and labor costs and total revenues from those systems. 

Results
Experimental trials

Crop yields

Results from the experimental trials showed that there were significant differences between maize yields in each of the treatments. Of the experimental treatments, conventional tillage with maize-cowpea intercrop (ConvTill:Maize/CP) had the highest average maize yield with 1.88 Mg/ha, followed by the minimum tillage with maize-cowpea intercrop treatment (MinTill:Maize/CP) with 1.70 Mg/ha (Figure 1). Nevertheless, an analysis of variance (Tukey LSD, (=0.05) showed an effect of interaction between the minimum tillage and intercropping treatments, where maize yields from minimum tillage and intercropping combined were significantly higher than the yields from minimum tillage alone. The two intercropping treatments had an additional crop of high-protein, high-value cowpea with yields of 1.0 and 0.73 Mg/ha for conventional tillage and minimum tillage, respectively. Cowpea yields, however, were significantly different when combined with conventional or minimum tillage. While all the CAPS treatments had reduced maize yields as compared with traditional farming methods (ConvTill:Maize), the cowpea yield helps to offset the reduction in maize production in terms of food security and potential for income generation. As previously mentioned, yields are expected to be reduced during the initial years of minimum tillage implementation (Monneveux et al. 2006), followed by a gradual increase with continued implementation. 

Figure 1: Effect of minimum tillage and intercropping on crop yields in Kendujhar, India (2010)
[image: image1.png]20

W vaze W Cowpea

25

A
B
BC
c
3

05

oot

ConTill:Maize MinTill Maize
‘Con/Till:Maize/CP MinTillMaize/CP

Treatment




Soil
Soil pH and bulk density were measured in order to better understand the effect of CAPS on the soil environment. Although the overall maize yield decreased during the experimental period, soil pH improved indicating that future soil conditions may likely be favorable for increasing yields. Initial and final soil measurements were compared and are presented below with a statistical significance of p < 0.05 (Figure 2). 
pH 

The pH measurements indicated that all treatments resulted in an average increase in pH of 0.01 in topsoil at a depth of 0-5 cm below ground surface (bgs), with the exception of the full CAPS treatment plots (minimum tillage, intercropped maize and cowpea, and covercrop, MT/IC/CC), where average changes in pH increased by 0.38 (Figure 2). Initial soil pH at 0-5 cm bgs was 4.51. An analysis of variance was used to determine statistical significance in the change in pH (Infostat 2012, (=0.05). Change in pH at the depth of 0-15 cm bgs was not statistically significant.

Since change in pH is based on soil chemistry modifications, intercropping and cover cropping were assumed to be the most influential factors in altering soil pH. The introduction of a reduced tillage treatment did not influence the pH factor of the soils alone; however, there was an effect of interaction when minimum tillage was combined with intercropping and the use of a post-harvest covercrop. 
Figure 2: Effect of conservation agriculture treatments on the change in soil pH at 0-5cm, Kendujhar, Odisha State, India (2010)
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Bulk Density
Soil measurements showed that the changes in soil bulk density were not statistically significant between the treatments at the depths 0-5 cm and 0-15 cm bgs. Additionally, there was no significant effect of interaction. Results showed an average decrease in bulk density of 0.02 and 0.03 g/cm3 at the 0-5 and 0-15 horizons respectively.

The results for all treatments showed an average final bulk density of 1.33 and 1.49 g/cm3, for 0-5 and 0-15 cm depths respectively. Decreased root growth and seed germination can occur in soil that has a bulk density of 1.55 g/cm3 or higher, and optimal bulk density for maize yield occurs at <1.32 g/cm3 (Logsdon). Since the final measurements from the research plots are below the reduced growth threshold, yield would not be detrimentally affected by soil bulk density. However, with the average bulk density measurements at both measured horizons higher than the optimal level of 1.32 g/cm3, maize yields would be expected to increase with continued decreases in bulk density. 

Socioeconomic survey

Farm household model

The results of the socio-economic survey showed the average village household family size consisted of seven members, with two to three generations per household. Farm household incomes for 2008-2009 vary from an average of 417 USD to 1,076 USD. Livestock kept in the villages includes cattle, oxen, goats, and chickens. On average each household owned between 1.5 to 2.8 oxen. In the district of Kendujhar, approximately 50% of households own oxen, mainly for the use of plowing. Of the three selected villages, only one village (Gopinathpur) had some primary education. On average, there was no formal education reported in Tentuli and Saharpur. Farm size ranged from 1.2 to 2.1 hectares, with average farm size varying in each village. The yield of maize was about 0.3 ton per hectare (Table 1)
Table 1. Key farm household characteristics of three tribal villages (Tentuli, Saharpur, & Gopinathpur) in the district of Kendujhar, Odisha State, India (2010).

	Village
	Ave. farm income 2008-2009 (INR)
	Average household size 
	Highest education level (mode)
	Farm size (ha)
	Major staple crops
	Ave. no. oxen (ave.)
	Maize yield* (ton/ha)

	Tentuli
	18,130   (410 USD)
	7
	None
	1.4
	Rice, maize
	2.8
	0.25

	Saharpur
	19,140    (433 USD)
	7
	None
	1.2
	Rice, maize
	2
	0.3

	Gopinathpur
	47,588            (1,076 USD)
	7
	Primary
	2.1
	Rice, maize
	1.5
	0.3


*Maize yield=ave. output production/0.081 ha (average maize plot size).

The surveys also confirmed that households in this area are highly dependent on agriculture to sustain their livelihood, given that opportunities for off-farm employment are limited. All three villages were major producers of maize and rice (Table 1). In 2009, 47% of the surveyed population produced maize solely for household consumption and livestock feed, the remaining 53% of the population sold on average 55% of their maize output. Such dependency on maize production for both household food security and income generation indicates a demand for agricultural practices to improve maize yields.
Integrated model

Using the soil and crop yield data collected at the experimental trials in combination with the farm household model, an integrated model was developed which presents the relative effect of the different CAPS scenarios on yield, labor, profit, and environmental benefit as they relate to the study villages in Kendujhar. This model, shown in Table 2, reflects the overall costs and benefits for the rural farmers. Rankings for each factor are comparative and based on the data collected from the experimental trials and socioeconomic surveys. Yield rankings were based solely on the experimental trial results for maize and cowpea. Labor rankings were derived from farmer practices and the labor required for the CAPS treatments used in the experimental trial. Profit rankings were based on experimental yields, previous farmer sales data from 2009 and, for intercropped treatments, include potential revenues for both maize and cowpea. As labor in the villages is predominantly household labor, this was not incorporated into the profit estimates. Similarly, inputs were calculated as the cost of cowpea seed, as the only additional inputs were farmyard manure and saved maize seed. Environmental benefit rankings were developed from the impact of CAPS treatments on soil parameters and expected impact on long-term yield as indicated in relevant literature.
While the control treatment of conventional tillage methods with a sole crop of maize (ConvTill:Maize) reflected the highest maize yields, the benefits of labor saving and increased profit were minimal. Moreover, environmental deterioration from such conventional tilling practices is expected to continue over time (Vlek et al. 1997). In contrast, the integration of conservation practices will produce comparatively lower maize yields but shows the potential for increased profit and long-term environmental benefits from increasing pH into optimal yield range as well as decreasing bulk density allowing for increased root growth (Bielders, 2002). Though treatments that include minimum tillage or intercropping require increased labor for activities such as weeding and sowing, the prospects of income generation and improved soil conditions may offset the additional labor demands. CAPS treatments that include maize/cowpea intercropping are shown to be the most profitable with the additional yield of high-value cowpea, though these treatments also correlate with increased labor requirements. Integration of minimum tillage with intercropping provides the greatest environmental benefit due to its ability to decrease erosion and thereby maintain long-term optimal soil parameters (Holland 2004); however, this treatment also produces the lower yields in the short-term. 
Table 2. Comparative effect of CAPS treatments on labor requirements and production outputs for villages in Kendujhar, Odisha State, India (2010).

	Treatment
	Maize Yield
	Cowpea Yield
	Labor Saving
	Profit
	Environmental Benefit

	ConvTill:Maize (Control)
	++++
	n/a
	+
	+
	-

	ConvTill:Maize/CP 
	+++
	++
	-
	+++
	++

	MinTill:Maize 
	+
	n/a
	--
	-
	+

	MinTill:Maize/CP 
	++
	+
	---
	++
	+++


(Ratings indicate most positive, ++++, to most negative, ---)

Discussion
While the experimental trials showed an overall decrease in yields from the introduction of the conservation agriculture strategies of minimum tillage and intercropping, this data reflects only the short-term crop responses. Analyses of the soil measurements indicate that the studied CAPS practices have the potential to favorably influence the soil pH. Therefore, over time, with environmental degradation expected to occur under current farming methods, yields are predicted to shift in favor of systems which integrate soil and water conservation practices (Vlek et al. 1997). Furthermore, plant stress and low yield can result when soil is not within the optimal soil pH and bulk density parameters (Table 3). 
Table 3. Optimal soil parameters for pH and bulk density for maize production 

	Soil Parameter
	Influence on Soil Quality
	Optimal Range for Maize
	Reference

	pH


	Nutrient availability to roots is directly affected by pH

	5.4-5.9
	Fageria 1999

	Bulk Density
	Low bulk density indicates increased porosity and allows plant roots to penetrate soil easier
	<1.32
	Abu-Hamdeh 2003


Acidic soils can constrain agricultural production due to decreased nodule formation and microorganism activity (Graham & Vance 2000). The observed increases in soil pH have potentially beneficial implications for future crop yields. Soil result analyses indicated that intercropping with cowpea increased pH, bringing it closer to the optimal parameter range of 5.4-5.9 for maize growth than plots without intercropping. Final pH measurements of intercropped plots increased pH by 0.10, reaching a pH of 4.65. If long-term integration of intercropping continues to raise soil pH each season, after a few planting seasons the soil will enter the optimal range for maize production. 

Soil bulk density measurements showed the highest decreases in density from the implementation of cover crops and the use of minimum tillage. Continuous root penetration and the additional organic material from the post-harvest planting of a cover crop contributed to decreases overall bulk density. Additionally, the use of minimum tillage decreased bulk density more than the traditional plow method. This decrease is likely due to the weight of the traditional plow compacting the soil as it tills. Soil at depths of 0-5cm are nearing the optimal bulk density value of <1.32 g/cm3 but the bulk density at depths of 0-15cm are still near 1.5 g/cm3, which can be difficult for root penetration. Since maize roots increase in density up until 25cm depth, future CAPS amendments can increase dibble depths and focus on applications that decrease deep bulk density (Liedgens, 2001). 
Results from the representative farm household model indicate the specific needs of the community for which the integrated model was developed. In this case, it was identified that the villages would benefit from increased crop yields and greater opportunities for income generation. Data collected regarding factors such as current farming practices and labor requirements help to identify the gaps where implementation of CAPS has the greatest potential for positive change. Thus, selecting an optimal CAPS treatment would depend on labor availability and agricultural needs in the target community. The model provides a visual mechanism for weighing the initial costs and benefits, showing that intercropping of maize and cowpea improves yields, while minimum tillage enhances environmental benefit (Table 2). Each introduced practice nevertheless has its drawbacks, reflected by adverse effects on labor requirements and profit. Continual farmer input, however, is vital to better understand farmer priorities and to develop agricultural interventions that have the greatest potential for adoption by the community. 
Conclusion
Improvements to current subsistence farming methods in the tribal villages of Kendujhar will be crucial to improving food security, stability of livelihoods, and sustainability of the local environment. As evidenced in this research, adoption of conservation agricultural practices has been shown to improve farming systems. The use of leguminous intercropping, while improving soil nutrient content (Graham & Vance, 2000) and increasing profit potential (Table 2), also has positive implications for improving household nutrition and food security. High-protein legumes such as cowpea can contribute to a more balanced diet for village communities while also increasing crop diversity and thus resilience to crop failure.   
The introduction of minimum tillage and intercropping have each been shown to result in contrasting positive and negative effects on the factors of yield, labor saving, and profit, as well as soil bulk density and pH; however, the use of an integrated model to represent such disparities allows for an improved method to weigh CAPS options. By assessing the agronomic and economic effects of introduced technologies, the likelihood for adoption is increased, and sustainable farming and adaptive management systems can be developed.
Acknowledgements
This study was funded by USAID/SANREM CRSP. Many thanks to Dr. Catherine Chan-Halbrendt, the funding organization, as well as our host country partners from the Orissa University of Agriculture and Technology, specifically Drs. Naik and Dash. Additional thanks to Tai McClellan for her expertise and field assistance.
References
Abu-Hamdeh, Nidal H. 2003. “Compaction and Subsoiling Effects on Corn Growth and Soil Bulk Density.” Soil Sci. Soc. Am. J. (67), 1213–1219.
Bielders, C., Michels, K. and Bationo, A. 2002. “On-farm evaluation of ridging and residue management options in a Sahelian millet-cowpea intercrop. 1. Soil quality changes.” Soil Use and Management. (18), 216–222. 
Bishop-Sambrook C. 2003. "Labour saving technologies and practices for farming and household activities." Rome: FAO.

Bloem, J., G. Trytsman, & J. Smith. 2009. "Biological nitrogen fixation in resource-poor agriculture in South Africa." Symbiosis 48:18-24.
Fageria, N. K. and Baligar, V. C. 1999. “Growth and nutrient concentrations of common bean, lowland rice, corn, soybean, and wheat at different soil pH on an inceptisol.” Journal of Plant Nutrition 22: 9, 1495 - 1507.
Food and Agricultural Organization (FAO). 2000. "Soil management and conservation for small farms." FAO Soils Bulletin 77. Rome.

Graham, P.H., and C.P. Vance. 2000. “Nitrogen fixation in perspective: an overview of research and extension needs.” Field Crops Research. 65, 93-106.
Government of Odisha. 2010. Orissa agriculture statistics 2008-09. Directorate of Agriculture & Food Production, Bhubaneswar, Odisha, India.
Hobbs, P.R., K. Sayre, and R. Gupta. 2008. “The role of conservation agriculture in sustainable agriculture.” Phil. Trans. R. Soc. 363:543-555.
Holland, J.M. 2004. “The environmental consequences of adopting conservation

tillage in Europe: reviewing the evidence.” Agriculture, Ecosystems and Environment. 103, 1–25.
Liedgens, Markus, Richner, Walter. 2001. Minirhizotron Observations of the Spatial Distribution of the Maize Root System. Agronomy Journal (93), 1097–1104.

Logsdon, S.D. and Karlen, D. 2004. “Bulk density as a soil quality indicator during

conversion to no-tillage.” Soil & Tillage Research (78), 143–149
Monneveux, P., E. Quillerou, C. Sanchez, and J. Lopez-Cesati. 2006. "Effect of Zero Tillage and Residues Conservation on Continuous Maize Cropping in a Subtropical Environment (Mexico)." Plant and Soil 279 (1), 95-105.
Plessis, Jean Du. 2003. Maize Production. Republic of South Africa Department of Agriculture, in cooperation with ARC-Grain Crops Institute, 1-35.
Vlek, P.L.G., R.F. Kunhe, and M. Denich. 1997. “Nutrient resources for crop production in the tropics.” Philos. Trans. R. Soc. Lond. B. 352, 975-984.
PAGE  
2

