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Introduction: Over the years, smallholder farmers have faced more vulnerability to risk and uncertainty in India due to their dependence on cereal crops. One way to reduce this risk is through diversified agriculture, integrating different practices for efficient resource utilization, and adopting a farming systems approach. An integrated farming system (IFS) is one such technique that provides year-round income from different components of enterprises. However, the decision to adopt IFS may be determined by several characteristics of farmers, which needs to be delineated through impact analysis to harness the benefits of a systems approach.

Methods: This study analyzes the economic effects of integrated farming systems and assesses their determinants, as well as the dietary diversity patterns of farmers in two states of southern India, i.e., Kerala and Tamil Nadu. A multistage sampling technique was used to obtain cross-sectional data from 367 farmers randomly chosen from one district in Kerala and two districts in Tamil Nadu. The participants have Crop + Horticulture + Animal husbandry (45.45%) as their major system, whereas non-participants have Crop + Animal husbandry (44.35%) as their predominant system. Coarsened exact matching and logit regression methods were used to evaluate the economic impacts of IFS and its influencing factors.

Results: The findings of the study indicate that age, education, livestock holding, access to credit, and plantation area have a positive and significant effect on participation by farmers in the program. The matching results show that adoption of IFS resulted in a significant economic impact, generating an additional gross income of Rs. 36,165 ha−1 and a net income of Rs. 35,852 ha−1 and improving the dietary diversity of farm households by 8.6% as compared to non-adopters.

Discussion: This study suggests that IFS is a promising approach for improving farmers' livelihoods, economic gains, and nutritional security. Therefore, the integrated farming systems models need to be upscaled through the convergence of government schemes in other regions of India to support smallholder farmers' farming.
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1 Introduction

In India, nearly 60% of the population is dependent on agriculture for their livelihood. In the post-green revolution era, small and marginal farmers in India, who have predominantly focused on cereal-based production systems (1), are also contending with increased climate anomalies like floods and droughts (2). Due to these events occurring frequently, farmers are facing suboptimal agricultural production and are unable to get sufficient income to sustain their livelihood (3). The rising cost of inputs, depleting soil and water resources, land fragmentation, and imbalanced use of fertilizer and chemicals have led to many problems in agriculture production systems (4). All factors pose a severe threat to the socio-economic and environmental sustainability of agriculture. Thus, there is a need to meet the increasing demand for food from the current resources only due to the increasing population without affecting the environmental factors. Modern input-intensive, specialized agriculture affects agricultural land due to the intensification of the production system, which uses a high degree of external input as well as the incessant use of fertilizers and chemicals, causing much more damage to the flora and fauna population in the diverse agroecosystem (5, 6). With the reduction in agroecology diversity, the vulnerability due to climate change and market fluctuations increases. Even a little variation in rainfall distribution may also cause severe damage to crop establishment (7, 8). These abiotic risks in agriculture affect all categories of farmers in certain ways, but the impacts are more on marginal and small farmers (9).

In the Indian subcontinent and many other tropical countries, integrated farming systems (IFS) are followed, which are traditionally mixed animal-crop systems that have synergy between crop cultivation and livestock rearing by utilizing the by-products of each other's components for producing a greater good (10, 11). As a classical definition, IFS has been defined as a type of mixed farming system that allows crop and livestock enterprises to complement one another to maximize income and potentially minimize the risks of farmers (12, 13). The primary objective of IFS is to maintain a cyclically sustainable production system where the outputs of a specific enterprise can be used as inputs for another system within the farm (10, 11). By incorporating additional enterprise practices like crop rotation, residue management, and diversification, we can reduce the input cost and improve our income level (14). Often, crop rotation with legumes in IFS reduces the need for nitrogen fertilizer purchase, and the addition of on-farm generated farm wastes adds organic matter, which improves soil organic carbon and enhances the yield of succeeding crops (15, 16). In this way, it reduces GHG emissions and soil erosion, thereby helping to achieve greater resilience to climate change. IFS, through different combinations of crop-livestock enterprises, diversifies the systems with many crops and animal units. Diversification in agriculture is not only a measure of improved income (17) but also another dimension to combat nutritional security through diversity in the diet in rural areas (18–20). Kumar et al. (21) developed IFS models suitable for different agro-climatic regions, suggesting that all these models ensure providing food and nutritional security to farm families without fail. Diversity in consumption is important to sustain the health and nutrition of the rural population, which in turn depends on farm production diversity (22).

Recognizing the various determinants influencing the adoption of IFS technology is crucial for formulating effective policies and ensuring successful implementation. Numerous studies have pointed out that factors like education, landholding, age, and information-seeking behavior positively influence the adoption of IFS (23, 24). There are several studies linking integrated farming with dietary diversity in recent agriculture-nutrition frameworks. These pathways include factors such as farm income, market access, education of households, land holding, off-farm income, and farm diversity, as reported by Islam et al. (25) and Khandoker et al. (22). Numerous studies have been conducted in sub-Saharan Africa, particularly in the context of subsistence farming. While it's plausible that the strength of association may vary by context, further studies from Asian settings are needed to confirm this hypothesis.

For the betterment of farmers' livelihoods, Indian states like Kerala and Tamil Nadu initiated schemes to promote the IFS across the districts by providing financial and technical backstops through respective departments, especially to economically weaker sections. The integrated farming systems scheme in Tamil Nadu was started in 2018 to help farmers sustain food security (26) through enhanced productivity and income in rural areas. Similarly, in Kerala, in 2018, after severe floods in the state, it was decided to develop resilience in farming against natural calamities through the Rebuild Kerala program by implementing and popularizing IFS among the community. The government aims to achieve production holistically and sustainably because of the small size of land holdings and the homestead nature of farming in Kerala. The selected participants in the program were provided with training in integrating different enterprises and managing livestock, poultry, fisheries, and allied sectors. In light of the background, this study attempts to evaluate the determinant factors of the adoption of development schemes by state governments that promoted IFS and its impact in terms of income and dietary diversity to bridge the gap in technology adoption.



2 Materials and methods


2.1 Study area

The South Indian states of Kerala and Tamil Nadu were selected to evaluate the impact of said program on farmers' livelihoods. The states have individually taken up schemes to promote the IFS among the farmers to elucidate its benefits and provide financial assistance to farmers. After the successful implementation of these programs in 2017 across the two states, a study was undertaken to quantify the economic benefits achieved by farmers by adopting IFS and other social impacts on their livelihoods. This study uses data from a primary survey conducted in 2021 in one district in Kerala, i.e., Thiruvananthapuram, and two districts in Tamil Nadu, i.e., Erode and Salem (Figure 1).
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FIGURE 1
 Location of the study region in India.




2.2 Climate of the study locale

Thiruvananthapuram is in the agro-climatic zones of the west coast plain and hills, and Salem and Erode fall in the region of the southern plateau and hills. Rainfall receipts during the monsoon in Kerala and Tamil Nadu showed remarkable variation that sets these two states apart (Table 1). The second fortnight of May marks the arrival of the southwest monsoon in Kerala, bringing torrential rain that lasts into June. However, the northeast monsoon predominates in Tamil Nadu, which receives the bulk of its monsoon rainfall between October and November. Thiruvananthapuram, Kerala, recorded a mean annual rainfall of 2,134 mm, while Salem and Erode, both in Tamil Nadu, experienced 782 mm. Rainfall receipts are subject to greater variance, with a coefficient of variation ranging from 80% in Kerala in May to 99% in Tamil Nadu in August. Farmers relying on these unpredictable monsoon rains often encounter risk and uncertainty while sowing and growing crops. Recycling organic biomass in integrated farming systems contributes to in-situ soil moisture conservation and nutrient recycling, lowering crop loss, which helps to offset such risks.


TABLE 1 Monsoon in sampled districts of Kerala and Tamil Nadu during 2019–2021.
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2.3 Sampling methodology

The total sample size of agricultural households is 367, out of which 193 were kept in the treatment group and 174 belonged to the control group. The samples were randomly selected in the designated district in proportion to the size of the beneficiary population. Then, the farmers were randomly selected from the sample frame available for the beneficiary category who availed of the benefit under the scheme. A sample of 174 was selected randomly with the same socio-economic condition as a control group who did not avail of any benefit under the scheme. The survey collected information on household characteristics, such as family size, age, education of the household head, social participation, resource endowment, cropping systems, livestock, and information related to economic status and household consumption. These data also provide detailed information related specifically to evaluating the impact of the farming system on returns and consumption diversity, thus being particularly suited for our analysis.



2.4 Analytical framework

The betterment of farmers' livelihoods needs regular income throughout the year with the ability to absorb climatic shocks like floods and droughts. IFS is one such technique that provides regular income from different components of enterprises and reduces fertilizer and chemical use, supplying healthy food for farm families (14, 27). IFS also ensures diversity in the diet through the inherent capacity of a diversified cropping system, which is a crucial element of a balanced diet.

The decision to adopt IFS may be determined by several characteristics of farmers, like land holding size, socio-economic characteristics, and their perception of the inherent features of the practices. Farmers' education, asset ownership, capacity enhancement activities, and profit-oriented behavior are the key determinants in enhancing the adoption of integrated farming systems. Also, the diversity in food consumption among farm families is analyzed. To assess the impact of technology, a researcher should be able to assess the situation in counterfactual and non-counterfactual scenarios, and inferences can be drawn and implemented as policy (28).

The quantifiable impact of IFS on income and dietary diversity of farmer households was examined using coarsened exact matching and determinants of their adoption of technology using the logit regression method.


2.4.1 Household dietary diversity score

This measure is widely accepted to record the food groups consumed by households over a recall period (29). FAO (30) proposed a 12-food group, viz, cereals; white tubers and roots; legumes, nuts, and seeds; vegetables; fruits; fish and other seafood; meat; eggs; milk and milk products; oils and fats; sweets; and spices, condiments, and beverages. In this study, the first nine food groups consumed by households were considered for making HDDS healthy food groups, leaving oils and fats, sweets, and spices (22). Each food group adds one score point toward the HDDS if a food item from that group is consumed by any member of the household in the last 24 h. Thus, in this study, the HDD score ranges from 0 to 9.



2.4.2 Logit regression method

The factors affecting the participation of the farmers in adoption were identified using the logit model. Logit is a technique in which the probability of a dichotomous outcome is related to a set of independent variables. It has been widely used to study adoption behavior. Suppose Xi represents the set of variables that influence the participation decisions of the ith household. For a household, the indirect utility (Zi) derived from adoption is a linear function of k independent or explanatory variables (X). This can be stated as follows:

[image: image]

where β0 represents the intercept term and βi is the coefficient associated with the explanatory variables X_ki. These factors explain the participation behavior and the probability that ith household decides to adopt a certain practice.

The probability of participation is modeled as follows:

[image: image]

where Pi is the probability of ith household's participation decision and (1- Pi) denotes the probability that the household does not participate. In the analysis, independent variables like the age of the farmer, number of years of schooling, experience in the farming field, HH size, soil health card, and livestock holding were considered for the study.



2.4.3 Coarsened exact matching

The most popular method of matching techniques is propensity score matching (PSM). The main drawback of this method is that it does not guarantee that the matched samples will be balanced concerning covariates X (31). As an alternative to PSM to overcome this limitation, Iacus et al. (32) have developed coarsened exact matching (CEM), belonging to the Monotonic Imbalance Bounding (MIB) group. CEM works in sample distributions and requires no assumptions about the process of data generation except for the usual ignorability assumptions. This method assures that the imbalance between the matched and unmatched groups will not be greater than the ex-ante choice stated by the user. Iacus et al. (32) have shown that CEM is better than other commonly used matching methods at reducing the imbalance, model dependence, estimation error bias, variance, and mean square error (33). With CEM, continuous variables are coarsened to discrete-interval data, and exact matching strata are constructed (34, 35).

Let Ti denote an indicator variable for unit i, which takes the value 1 if the ith unit belongs to the treatment group and the value 0 if the ith unit belongs to the control group. The observed outcome variable is given as follows:

[image: image]

where Yi(0) is the outcome for the non-adopters of IFS.
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To estimate the impact of the technology intervention on a selected group of households, the standard ignorability assumption is that, conditional on X, the treatment variable is independent of the potential outcomes and that every treated unit receives the same treatment. A fixed causal effect is a function of the potential outcome, defined as Yi(1)−Yi(0).

The estimates for the causal effects on outcome variables can be defined as follows:

[image: image]

However, when all the units do not match, as is the case in the current study, SATT changes to LSATT, or local sample average treatment, for all treated plots, which is estimated by

[image: image]

where mT is the number of matched treated units and Tm is the subset of matched treated units.

A few important variables, such as education level, social group of the household head, region of the respondent, membership in a social organization, and expenditure on seeds that determine adoption, are used for matching. The imbalance in the initial data was reduced from 0.66 to 0.62 after matching. The causal estimate was undertaken using the Stata software 14.1 version.

The study is intended to generate two significant conclusions; first, by mapping the livelihood of agriculture households from the integrated farming systems scheme through a detailed primary survey of respondents in these states, and second, by identifying the determinants of participation and the impact of the scheme on their income and consumption.





3 Results


3.1 Basic household characteristics of the respondents
 
3.1.1 Socio-economic profile of respondents

The summary statistics of major socio-economic variables for sample farmers are provided in Table 2. The results indicate that non-adopters are more likely to have completed their primary education, whereas adopters are much more likely to have graduated (11.3%) compared to non-adopters. Among the socially disadvantaged classes in India, the scheduled caste and scheduled tribe (SC and ST) class had only a few adopters (12.5% compared to non-adopters). Adopters have a significantly higher population of milch animals (2.3 no.) than non-adopters (1.6 no.). The adopters had higher accessibility to credit facilities (37.0%) than the non-adopters (24.1%). Results also reveal that the adopters spent much less on fertilizer than the rest, since they recycled more farm waste than the others.


TABLE 2 Socio-economic profile of integrated farming system respondents in the sampled area.
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3.1.2 Farming systems and economics of farm households

The land area and livestock units owned by farm households in the study area are presented in Table 3. The adopters had a greater number of farms (75), combining all three enterprises, followed by H+A (36) and C + A (37). The mean area under the C + A system is 1.24 ha, and overall, adopters had a 0.65 ha area under cultivation. TLU is higher for C+H+A systems (4.71), followed by C + A systems (3.41). Non-adopters had large farms under C + A (75) systems followed by C+H+A (38) components; the mean area under cultivation also follows a similar pattern. TLU is higher for adopters (3.89) compared to non-adopters (2.30).


TABLE 3 Farm income measures from different enterprise combinations.
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The net income of different farming systems is provided in Figure 2. In both adopters and non-adopters, H+A has a higher net return per hectare; this is due to the cultivation of high-value crops like banana, ginger, and turmeric, which yields higher returns, followed by crop + animal husbandry (C + A). The adopters have more net income compared to non-adopters in all the farming systems. In total, adopters have a net income of Rs. 74,521 ha−1, compared to Rs. 68,106 ha−1 for non-adopters of IFS.


[image: Figure 2]
FIGURE 2
 Net income from various farming systems in the study C + A: Crop + Animal husbandry; H + A: Horticulture + Animal husbandry; C + H+ A: Crop + Horticulture + Animal husbandry.




3.1.3 Consumption pattern of households

The patterns of consumption of major food groups are provided in Figure 3. It shows that there was a marginal increase in the consumption of cereals, fruits, and vegetables for adopters compared to non-adopters. The remaining food groups have also shown a slight improvement in consumption. Overall, in all food groups, there was a higher consumption by participants compared to others.


[image: Figure 3]
FIGURE 3
 Consumption pattern of the sample households.





3.2 Determinants of adoption of IFS technology

The coefficient and marginal effect of logit regression estimated with observations are provided in Table 4. The results suggest that socio-demographic factors like age of respondents, education of household head, and farmers belonging to social groups SC and ST were influencing the adoption of IFS, while farming variables such as livestock holdings, the area under plantation crop, and credit facilities available were significantly and positively influencing the adoption of IFS. Agriculture households with higher education, as a proxy of knowledge, have a positive influence on the adoption of IFS compared to non-adopters. The class of farmers belonging to SC and ST was more negatively adopting integrated farming systems than others. Livestock, being an essential component aiding in the recycling of materials and utilization of fodder on the farm, positively influences the adoption of IFS. The credit facility is another important criterion that influences the adoption of IFS, as it provides financial support to invest in the adoption of different components and the utilization of available resources. Farm households with plantation crops under cultivation are more likely to adopt an integrated farming system. The increase in adoption of IFS improves by 1.8%, whereas livestock holding increases IFS adoption by 3%. Credit facilities and plantation crops improve the adoption of IFS by 12% and 11%, respectively.


TABLE 4 Determinants for the adoption of IFS among sampled households.
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3.3 Determinants of farm household dietary diversity

Farm household dietary diversity (HDDS) is directly connected with IFS (Table 5). The factors influencing the HDDS were assessed using the ordinary least squares (OLS) regression method. Factors like respondents' age, farmer belonging to SC and ST, land holding of the farmer, credit facility, and crops taken up in rabi had positively and significantly influenced the dietary diversity. Farmers with high farm experience have negatively influenced dietary diversity. Farm households belonging to the social class of SC and ST are more diverse in consumption compared to OBC households. Credit facilities also positively influence dietary diversity. In terms of regional effect, the households of Tamil Nadu have less diverse consumption than the households of Kerala. The crops grown in rabi positively influence the dietary diversity more than the Kharif crops. The plantation area under cultivation has a negative influence on diet diversity.


TABLE 5 Factors influencing the dietary diversity of farm households.
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3.4 Impact of IFS adoption on household income and dietary diversity

Results obtained from the CEM technique for four outcome variables, namely, gross income, net income, cost of cultivation, and HDDS, are provided in Table 6. The imbalance in the data has reduced from 0.71 to 0.62 after matching. ATT estimates show that the gross income of farmers who adopted integrated farming increased by Rs. 14,466 per ha in comparison to the control group. Similarly, the net income of adopters increased by Rs. 14,341 per ha in comparison to non-adopters. The cost of cultivation for adopted farmers is reduced but not statistically significant. We also measured the impact of adoptive households on HDDS. The measure has increased by 0.48 units (8.64%) in comparison to control farm households.


TABLE 6 Average treatment effect of IFS on outcome variables.
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4 Discussion


4.1 Socio-economic profile of respondents

Basic household characteristics of the respondent households, including both adopters and non-adopters of IFS technology, were obtained from the survey. Significant differences between the characteristics of adopters and non-adopters were observed, implying that there is a varied level of social characteristics and structural composition in households, such as the number of milching animals, access to credit facilities, and education level, which may play a significant role in their decision for adoption or non-adoption of new technologies. For example, adopters have a large number of milching animals, better education, and access to credit compared to non-adopters.

Farm size and the progress of technology have a relationship with agricultural productivity. In the current study, the mean land-holding area of adopters was smaller as compared to non-adopters in different combinations of crop, horticulture, and animal husbandry prevalent in the study locale, which suggested that the small farm holders are more likely to adopt IFS. The findings are in agreement with the observations of Archer et al. (39), who reported that the benefits of economic prospects tend to be more pronounced for small farms as compared to large farms, and as a result, there is a higher motivation for integration in small farms. When farm sizes are small, the pressure to survive in a large population with relatively little arable land makes them very willing to adopt new technologies to increase production (40).

Furthermore, it was observed that in the overall scenario, total livestock units were higher in adopters as compared to non-adopters, which suggested the role of livestock in system integration due to the importance of manure recycling within the farm. Similar observations were reported by Akshitha and Dolli (23). Adoption of integrated farming systems fetched higher income as compared to that of non-adopters due to synergism among different components while reducing the cost of cultivation through resource recycling within the system, which is the basic principle of IFS. Adoption of IFS results in higher income in different enterprise combinations depending on the number and type of farm enterprises and their effective integration (41, 42).

In the current study among both adopters and non-adopters, H+A has a higher net return per hectare; this is due to the cultivation of high-value crops like banana, ginger, and turmeric, which yields higher returns, followed by crop + animal husbandry (C + A). Integration of horticulture into the farming system was reported to be a profitable venture and has a positive influence on the economic status of the farming community compared to its non-integration, besides improving nutritional security (43).

In the current study, increased consumption of food groups among IFS adopters was noticed as compared to non-adopters. According to Innazent et al. (44), the adoption of an integrated farming system (IFS) helps farm families achieve food and nutritional security, particularly for small and marginal holdings. The adoption of agricultural technologies can increase household food consumption (45). The importance of IFS technology in achieving food and nutritional security for households has been reported by several authors (5, 46, 47).



4.2 Factors influencing IFS adoption

The results showed that household-specific, socioeconomic, and institutional factors influence the adoption of integrated farming systems. The study finds that age and education influence the adoption of IFS positively. The age of respondents as a proxy for experience had a significant positive influence on IFS adoption (23, 24, 35). It is believed that education influences adoption by boosting a farmer's ability to “perceive, interpret, and respond to new events in the context of risk” (48). The results indicated that non-adopters are more likely to have completed their primary education, whereas adopters are much more likely to have graduated. This suggested that farmers with better education are earlier adopters of modern technology (49, 50). As IFS technologies require efficient integration of components, education is expected to strongly encourage the adoption of integrated farming systems. Many studies have also postulated that a higher educational level should enhance the probability of higher adoption of modern farming technology (51, 52). Education is also typically related to awareness of government programs in general, and understanding of technology for adoption is also better with education. Households who accessed the agricultural credit facility will diversify their farm enterprises more than those who did not (53, 54). Asante et al. (55) found that farmers require financial liquidity to incorporate both crops and animals, as well as other inputs (e.g., labor) and equipment for crop cultivation. Thus, credit availability improves the integration of other components in the existing system. This suggests that when credit facilities are available to households, there is a higher chance of technology being adopted. It is believed that access to credit encourages the adoption of technologies by boosting households' risk-bearing capacity (38). Livestock provides huge scope for on-farm recycling of manure and reduces fertilizer purchases, while also providing high profits per unit area of land used (56). Livestock is also a form of savings in rural areas that can easily be liquidated to bridge income gaps that may arise within a household (57). The integration of plantation components influences the adoption of IFS positively, as it reduces the cost of maintenance and also increases the market price for plantation commodities. From the plantation, a lot of raw materials in the form of fodder and trash were available, which could be recycled through IFS adoption. Similar results have been observed in some earlier studies (13, 58).



4.3 Factors influencing the dietary diversity of farm households

Results revealed that the age of the household head positively influenced dietary diversity. As age increases, understanding of the importance of dietary diversity improves in rural areas (59). The households belonging to SC and ST have higher dietary diversity compared to OBC households. These results are in line with Sarkar, (60), but in contrast with Bansal et al. (61), as the dietary diversity of different social castes is influenced depending on geography, social conditions, and culture. The relationship is positive for livestock integrated into IFS models, with the availability of milk and milk products influencing diverse consumption positively (37). The results showed that the farm size of a household has a positive relationship with HDDS. Aidoo et al. (62) found that this was expected because households with large farm sizes can cultivate different varieties of crops and rear livestock. The negative relationship of plantation crops with dietary diversity is due to the fact that these commercial crops need primary processing to some extent before consumption, resulting in a negative influence on dietary diversity. Credit facilities improve the financial conditions of farm households, leading to diverse crop cultivation so that they will have more diverse food consumption (63). Here, the negative relationship of the region dummy shows that Tamil Nadu farmers are less diverse in the diet in comparison to Kerala, as regional characteristics play a crucial role in the diet of households (59). The farmers in Kerala grow more high-value crops and have better economic status, leading to higher dietary diversity. Impact of IFS on household income and dietary diversity

The study was found to be positive and significant for adopters and non-adopters, indicating that IFS adoption has had a significantly positive impact on the welfare of the farmers (64). Specifically, sustainable agricultural practices through integrated farming systems adoption increase farm gross and net income by 23% and 40%, respectively. Our results are largely supported by previous studies (36, 65–68). The study also finds that the HDD score has improved by 8% for adopters compared to others. Previous studies also attributed that the integration of additional farm enterprises into the farming systems will potentially improve the diversity of household diets and nutritional outcomes (69–71).




5 Conclusion

The innovativeness of the study is that it addresses the important issue of enhancing farm income and dietary diversity, which are in line with the Sustainable Development Goals (SDGs) by analyzing the impact farming systems approach from a larger perspective. The primary data was collected from Kerala and Tamil Nadu, with 367 observations. The robustness of the methodology using logit and OLS regression methods to identify the influencing factors of adoption and consumption and a matching technique to study the impact on farmers' wellbeing paves the way for the usefulness of the current study in impact analysis and extending the benefits of IFS. The study found that integrated farming systems have a positive and significant impact on farmers' economic wellbeing and dietary diversity; thus, they improve the livelihoods of rural communities. The variables like age, education, social class, credit facilities, and plantation crop of the farmers influenced their adoption behavior concerning IFS. The relationship between farming system technology adoption and improved livelihood is assumed to be simple. However, quantifying the effect of technology adoption can be quite complex. The study demonstrated that IFS has a huge scope for income enhancement and the wellbeing of farmers, particularly smallholders. This article attempts to fill the gap by evaluating the outcomes of developmental schemes that adopted a farming system approach for large-scale dissemination of IFS technologies.


5.1 Policy implications

This study recommends that concerted efforts need to be taken to develop and promote IFS across other state governments as a viable option for sustainable food production and household nutrition security. The benefits of IFS adoption could be extended to a larger population through policies that address the constraints in the adoption of technology, like extending credit facilities, education, and awareness. Improved access to technology will increase both the spread and intensity of IFS adoption. This also needs to be accompanied by sufficient infrastructure facilities at backward and forward production linkages.




Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the first/corresponding authors.



Ethics statement

The studies involving humans were approved by the Institute Research Council of ICAR-IIFSR (Project code IXX18170) and results were also presented and approved by AICRP on IFS Biennial workshop held during 18–21 January 2023 and approved by ICAR Vide F No NRM/7–10/2020-AFC dated 27 April 2023. The study involved survey of participants for data collection upon informed written consent to be part of survey. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

KR: Conceptualization, Data curation, Formal analysis, Writing–original draft. JJ: Data curation, Writing–review and editing. DJ: Data curation, Writing–review and editing. TR: Data curation, Writing–review and editing. AP: Investigation, Methodology, Formal analysis, Writing–review and editing. MA: Investigation, Methodology, Formal analysis, Writing–review and editing. NR: Project administration, Supervision, Writing–review and editing. SK: Project administration, Supervision, Writing–review and editing. RS: Writing–review and editing, Conceptualization. MS: Writing–review and editing, Conceptualization. PP: Conceptualization, Writing–review and editing. N: Conceptualization, Writing–review and editing. AM: Writing–review and editing, Conceptualization. PK: Writing–review and editing, Data curation. GS: Formal analysis, Writing–review and editing. DD: Writing–review and editing, Formal analysis.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The authors gratefully acknowledge ICAR-IIFSR, Modipuram for financial assistance under AICRP-IFS project.



Acknowledgments

We are thankful to the Director, ICAR-IIFSR, Modipuram, and the Project Coordinator, AICRP-IFS, for facilitating the work. The authors express their gratitude to the project staff of the collaborating AICRP-IFS center at Kerala Agriculture University, Thiruvananthapuram, Kerala, and Tapioca and Castor Research Station, TNAU, Yethapur, Salem, Tamil Nadu, for their assistance during the survey. The authors are equally thankful to all the farmers for their participation and cooperation in this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Pingali PL. Green revolution: impacts, limits, and the path ahead. Proc Nat Acad Sci. (2012) 109:12302–8. doi: 10.1073/pnas.0912953109

 2. Birthal PS, Negi DS, Kumar S, Aggarwal S, Suresh A, Khan T. How sensitive is Indian agriculture to climate change?. Ind J Agri Econ. (2014) 69:4. Available online at: https://ageconsearch.umn.edu/record/229948/?ln=en

 3. Kumar S, Bhatt BP, Dey A, Shivani S, Kumar U, Idris M, Mishra J, Kumar S. Integrated farming system in India: current status, scope and future prospects in changing agricultural scenario. Ind J Agric Sci. (2018) 88:13–27. doi: 10.56093/ijas.v88i11.84880

 4. Ravisankar N, Ansari MA, Shamim M, Prusty AK, Singh R, Panwar AS, et al. Sustainable livelihood security of small farmers improved through a resilient farming system in the semiarid region of India. Land Degrad Dev. (2022) 33:2830–42. doi: 10.1002/ldr.4358

 5. Paramesh V, Chakurkar EB, Bhagat T, Sreekanth GB, Kumar HBC, Rajkumar S, et al. Impact of integrated farming system on residue recycling, nutrient budgeting and soil health. Ind J Agric Sci. (2021) 91:44–8. doi: 10.56093/ijas.v91i1.110923

 6. Ansari MA, Babu S, Choudhary J, Ravisankar N, Panwar AS. Soil quality restoration and yield stabilization in acidic soils of northeastern Himalayas: five years impact of green manuring and crop residue management. Front Environ Sci. (2022) 10:940349. doi: 10.3389/fenvs.2022.940349

 7. Manjunath BL, Paramesh V, Mahajan GR, Das B, Reddy KV, Chakurkar EB, et al. Sustainability through resource recycling, soil fertility and carbon sequestration from integrated farming systems in west coast India. The Bioscan. (2017) 12:1–6.

 8. Paramesh V, Parajuli R, Chakurkar EB, Sreekanth GB, Kumar HBC, Gokuldas PP, et al. Sustainability, energy budgeting, and life cycle assessment of crop-dairy-fish-poultry mixed farming system for coastal lowlands under humid tropic condition of India. Energy. (2019) 188:116101. doi: 10.1016/j.energy.2019.116101

 9. Birthal PS, Khan T, Negi DS, Agarwal S. Impact of climate change on yields of major food crops in India: Implications for food security. Agric Econ Res Rev. (2014) 27:145–55. doi: 10.5958/0974-0279.2014.00019.6

 10. Ansari MA, Prakash N, Baishya LK, Punitha P, Yadav JS, Sharma PK, et al. Comparative study on conventional and improved integrated farming systems for sustainable production, income generation and employment opportunity among the tribal farmers in hilly Regions of Manipur. Indian J Agric Sci. (2013) 83:765–72. Available online at: https://epubs.icar.org.in/index.php/IJAgS/article/view/31174

 11. Ansari MA, Prakash N, Baishya LK, Punitha P, Sharma PK, Yadav J, et al. Integrated Farming System: an ideal approach for developing more economically and environmentally sustainable farming systems for the Eastern Himalayan Region. Indian J Agric Sci. (2014) 84:356–62. doi: 10.56093/ijas.v84i3.38572

 12. Agbonlahor MU, Aromolaran AB, Aiboni VI. Sustainable soil management practices in small farms of Southern Nigeria: a poultry-food crop integrated farming approach. J Sustain Agric. (2003) 22:51–62. doi: 10.1300/J064v22n04_05

 13. Radhamani S, Balasubramanian A, Ramamootthy K, Geetalakshmi V. Sustainable integrated farming systems for drylands–A review. Agric Rev. (2003) 24:204–10. Available online at: https://arccarticles.s3.amazonaws.com/webArticle/articles/ar243007.pdf

 14. Panwar A, Ravisankar N, Singh R, Prusty A, Shamim M, Ansari M, et al. Potential integrated farming system modules for diverse ecosystems of India. Ind J Agron. (2021) 55:15–32. Available online at: https://www.researchgate.net/publication/356355264

 15. Archer DW, Franco JG, Halvorson JJ, Pokharel KP. Integrated farming systems. Encycl Ecol. (2018) 4:508–14. doi: 10.1016/B978-0-12-409548-9.10562-7

 16. Panwar AS, Prusty AK, Shamim M, Ravisankar N, Ansari MA, Singh R, et al. Nutrient recycling in integrated farming system for climate resilience and sustainable income. Ind J Fertilizers. (2021) 17:1126–37. Available online at: https://www.researchgate.net/publication/356355396

 17. Priscilla L, Sharma P, Kar P. Economic impact of crop diversification in North-East India: evidence from household-level Survey. Ind J Agric Educ. (2021) 57:104–9.

 18. Malapit HJL, Kadiyala S, Quisumbing AR, Cunningham K, Tyagi P. Women's empowerment mitigates the negative effects of low production diversity on maternal and child nutrition in Nepal. J Dev Stud. (2015) 51:1097–123. doi: 10.1080/00220388.2015.1018904

 19. Prusty AK, Ravisankar N, Panwar AS, Jat ML, Tetarwal JP, López-Ridaura S, et al. Redesigning of farming systems using a multi-criterion assessment tool for sustainable intensification and nutritional security in Northwestern India. Sustainability. (2022) 14:3892. doi: 10.3390/su14073892

 20. Ansari MA, Ravisankar N, Ansari MH, Babu S, Layek J, Panwar AS, et al. Integrating conservation agriculture with intensive crop diversification in the maize-based organic system: impact on sustaining food and nutritional security. Front Nutr. (2023) 10:1137247. doi: 10.3389/fnut.2023.1137247

 21. Kumar S, Shivani S, Kumar S, Singh SS. Sustainable food and nutritional security through IFS. Indian Farming. (2013) 63:30–6. Available online at: https://scholar.google.co.in/scholar_url?rl=https://epubs.icar.org.in

 22. Khandoker S, Singh A, Srivastava SK. Leveraging farm production diversity for dietary diversity: evidence from national level panel data. Agric Food Econ. (2022) 10:1–20. doi: 10.1186/s40100-022-00221-y

 23. Akshitha S, Dolli SS. Factors influencing adoption of integrated farming system at farmer's level and their contribution to farmers income. J Farm Sci. (2020) 33:268–71. Available online at: https://epubs.icar.org.in/index.php/JFS/issue/download/2964/428

 24. Kandasamy SU, Singh PK, Swain DK. Determination of factors affecting the adoption of integrated farming system in dryland areas of Southern India by using supervised learning techniques. J Asian Afr Stu. (2022) 18:00219096221130350. doi: 10.1177/00219096221130350

 25. Islam AHMS, von Braun J, Thorne-Lyman AL, Ahmed AU. Farm diversification and food and nutrition security in Bangladesh: empirical evidence from nationally representative household panel data. Food Secur. (2018) 10:701–20. doi: 10.1007/s12571-018-0806-3

 26. PIB. Integrated Farm System to Help Farmers Sustain Food Security in Tamil Nadu. Chennai: Press Information Bureau (2020).

 27. Ravisankar N, Singh P, Mishra RP, Prusty AK, Shamim M, Singh R, et al. Annual Report of AICRP on Integrated Farming System. Meerut, India (2019).

 28. Mendola M. Agricultural Technology adoption and poverty reduction: a propensity score matching analysis for rural Bangladesh. Food Policy. (2007) 32:372–93. doi: 10.1016/j.foodpol.2006.07.003

 29. Keding GB, Msuya JM, Maass BL, Krawinkel MB. Relating dietary diversity and food variety scores to vegetable production and socio-economic status of women in rural Tanzania. Food Secur. (2012) 4:129–40. doi: 10.1007/s12571-011-0163-y

 30. FAO. Guidelines for Measuring Household and Individual Dietary Diversity. Rome: FAO (2011).

 31. Blackwell M, Iacus S, King G, Porro G. Cem: coarsened exact matching in Stata. Stata J. (2009) 9:524–46. doi: 10.1177/1536867X0900900402

 32. Iacus SM, King G, Porro G. Causal inference without balance checking: coarsened exact matching. Polit Anal. (2012) 20:1–24. doi: 10.1093/pan/mpr013

 33. Kumar A, Sonkar VK, Aditya KS. Assessing the impact of lending through kisan credit cards in rural india: evidence from Eastern India. The Eur J Dev Res. (2022) 12:1–21. doi: 10.2499/p15738coll2.134240

 34. Datta N. Evaluating impacts of watershed development program on agricultural productivity, income, and livelihood in bhalki watershed of Bardhaman District, West Bengal. World Dev. (2015) 66:443–56. doi: 10.1016/j.worlddev.2014.08.024

 35. Anuja AR, Kumar A, Saroj S, Singh KN. The impact of crop diversification towards high-value crops on economic welfare of agricultural households in eastern India. Curr Sci. (2020) 118:1575–82. doi: 10.18520/cs/v118/i10/1575-1582

 36. Teklewold H, Kassie M, Shiferaw B. Adoption of multiple sustainable agricultural practices in rural Ethiopia. J Agric Econ. (2013) 64:597–623. doi: 10.1111/1477-9552.12011

 37. Jones AD, Shrinivas A, Bezner-Kerr R. Farm production diversity is associated with greater household dietary diversity in Malawi: findings from nationally representative data. Food Policy. (2014) 46:1–12. doi: 10.1016/j.foodpol.2014.02.001

 38. Muzari W, Gatsi W, Muvhunzi S. The impacts of technology adoption on smallholder agricultural productivity in sub-Saharan Africa: a review. J Sustain Dev. (2012) 5:69. doi: 10.5539/jsd.v5n8p69

 39. Archer DW, Franco JG, Halvorson JJ, Pokharel KP. USDA Agricultural Research Service, Northern Great Plains Research Laboratory,Mandan, ND, Unites States. Encyclopedia of Ecology, 2nd Edn. Oxford: Elsevier (2018), 508–14.

 40. Hu Y, Li B, Zhang Z, Wang J. Farm size and agricultural technology progress: evidence from China. J Rural Stud. (2022) 93:417–29. doi: 10.1016/j.jrurstud.2019.01.009

 41. Kaur J, Prusty AK, Ravisankar N, et al. Farm typology for planning targeted farming systems interventions for smallholders in Indo-Gangetic Plains of India. Sci Rep. (2021) 11:20978. doi: 10.1038/s41598-021-00372-w

 42. Patel KM, Patel PK, Desai LJ, Patel KN, Patel SA, Chaudhary HL. Integrated farming systems for livelihood security of small and marginal farmers. Multilogic Sci. (2020) 10:600–3. Available online at: https://scholar.google.co.in/scholar_url?url=https://www.researchgate.net/profile/Dr-Patel-16/publication/344298487

 43. Kerutagi MG, Talavar M, Pavitra AS. Impact of horticulture based integrated farming system on farmer's income and welfare in Northern Karnataka. J Pharm Phytochem. (2019) 8:1010–9. Available online at: https://www.phytojournal.com/archives/2019/vol8issue3/PartS/8-1-629-836.pdf

 44. Innazent A, Jacob D, Bindhu JS, Joseph B, Anith KN, Ravisankar N, et al. Farm typology of smallholders integrated farming systems in Southern Coastal Plains of Kerala, India. Sci Rep. (2022) 12:333. doi: 10.1038/s41598-021-04148-0

 45. Zegeye MB, Fikire AH, Assefa AB. Impact of agricultural technology adoption on food consumption expenditure: evidence from Rural Amhara Region. Ethiopia Cogent Econ Financ. (2022) 10:1. doi: 10.1080/23322039.2021.2012988

 46. Devendra C, Thomas D. Smallholder farming systems in Asia. Agric Syst. (2002) 71:17–25. doi: 10.1016/S0308-521X(01)00033-6

 47. John J. Homestead farming in Kerala: a multi-faceted land-use system. Rev Agr Stu. (2014) 4:80–105. Available online at: https://ideas.repec.org/a/fas/journl/v4y2014i1p80-94.html

 48. Schultz TW. Investing in People: The Economics of Population Quality. Berkeley, CA: University of California Press Ltd (1981).

 49. Feder G, Just RE, Zilberman D. Adoption of agricultural innovations in developing countries: a survey. Econ Dev Cult Change. (1985) 33:255–98. doi: 10.1086/451461

 50. Rogers EM. Diffusion of Innovations, 5th Edn. New York, NY: Simon and Schuster (2003).

 51. Lin J. Education and innovation adoption in agriculture: evidence from hybrid rice in China. Am J Agric Econ. (1991) 73:713–23. doi: 10.2307/1242823

 52. Jolliffe D. The impact of education in rural Ghana: examining household labor allocation and returns on and off the farm. J Dev Econ. (2004) 73:287–314. doi: 10.1016/j.jdeveco.2003.02.002

 53. Buragohain D, Borua S, Barman U. Status and scope of integrated farming system (IFS) in Upper Brahmaputra Valley Zone of Assam. Ind J Ext Educ. (2019) 55:95–100. Available online at: https://www.researchgate.net/publication/356787888

 54. Danso-Abbeam G, Dagunga G, Ehiakpor DS, Ogundeji AA, Setsoafia ED, Awuni JA, et al. Crop–livestock diversification in the mixed farming systems: implication on food security in Northern Ghana. Agric Food Secur. (2021) 10:1–14. doi: 10.1186/s40066-021-00319-4

 55. Asante BO, Villano RA, Patrick IW, Battese GE. Determinants of farm diversification in integrated crop-livestock farming systems in Ghana. Renewable Agric Food Syst. (2018) 33:131–49. doi: 10.1017/S1742170516000545

 56. Kurniati N, Sukiyono K, Purmini P, Sativa MO. Adoption level of integrated farming system based on rice–cattle and its determinants related to sustainable agriculture In E3S Web of Conf. (2021) 226, 00034. doi: 10.1051/e3sconf/202122600034

 57. Ogada MJ, Rao EJ, Radeny M, Recha JW, Solomon D. Climate-smart agriculture, household income and asset accumulation among smallholder farmers in the Nyando basin of Kenya. World Dev Persp. (2020) 18:100203. doi: 10.1016/j.wdp.2020.100203

 58. Weinberger K, Lumpkin TA. Diversification into horticulture and poverty reduction: a research agenda. World Dev. (2007) 35:1464–80. doi: 10.1016/j.worlddev.2007.05.002

 59. Venkatesh P, Premlata S, Lenin V, Sudipta P, Mahra GS, Sukanya B, et al. Dietary diversity: determinants and its relationship with nutritional outcomes in Uttar Pradesh. Indian J Agric Econ. (2019) 74:444–60. Available online at: https://www.researchgate.net/publication/337075842

 60. Sarkar S. Dearth in access to nutrition across socio-economic strata among rural households in West Bengal, India. GeoJournal. (2021) 86:1311–25. doi: 10.1007/S10708-019-10133-Y

 61. Bansal A, Arora P, Sharma R, Misra A. Dietary diversity among Indian adolescents: evidence from UDAYA study. Res Square. (2021). doi: 10.21203/rs.3.rs-242191/v1

 62. Aidoo R, Mensah JO, Tuffour T. Determinants of household food security in the Sekyere-Afram plains district of Ghana. Eur Sci J. (2013) 9:21. Available online at: https://www.researchgate.net/publication/325929844

 63. Annim SK, Frempong RB. Effects of access to credit and income on dietary diversity in Ghana. Food Secur. (2018) 10:1649–63. doi: 10.1007/s12571-018-0862-8

 64. Mujeyi A, Mudhara M, Mutenje M. The impact of climate smart agriculture on household welfare in smallholder integrated crop–livestock farming systems: evidence from Zimbabwe. Agric Food Secur. (2021) 10:1–15. doi: 10.1186/s40066-020-00277-3

 65. Islam AHMS, Barman BK, Murshed-e-Jahan K. Adoption and impact of integrated rice–fish farming system in Bangladesh. Aquaculture. (2015) 447:76–85. doi: 10.1016/j.aquaculture.2015.01.006

 66. Manda J, Alene AD, Gardebroek C, Kassie M, Tembo G. Adoption and impacts of sustainable agricultural practices on maize yields and incomes: evidence from rural Zambia. J Agric Econ. (2016) 67:130–53. doi: 10.1111/1477-9552.12127

 67. Oduniyi OS, Chagwiza C. Impact of adoption of sustainable land management practices on food security of smallholder farmers in Mpumalanga province of South Africa. GeoJournal. (2022) 87:4203–17. doi: 10.1007/s10708-021-10497-0

 68. Setsoafia ED, Ma W, Renwick A. Effects of sustainable agricultural practices on farm income and food security in northern Ghana. Agric Food Econ. (2022) 10:1–15. doi: 10.1186/s40100-022-00216-9

 69. Kashyap P, Prusty AK, Panwar AS, Paramesh V, Natesan R, Shamim M, et al. Achieving food and livelihood security and enhancing profitability through an integrated farming system approach: a case study from western plains of Uttar Pradesh, India. Sustainability. (2022) 14:6653. doi: 10.3390/su14116653

 70. Vijaya Bhaskar AV, Nithya DJ, Raju S, Bhavani RV. Establishing integrated agriculture-nutrition programmes to diversify household food and diets in rural India. Food Secur. (2017) 9:981–99. doi: 10.1007/s12571-017-0721-z

 71. Sibhatu KT, Krishna VV, Qaim M. Production diversity and dietary diversity in smallholder farm households. Proc Nat Acad Sci. (2015) 112:10657–62. doi: 10.1073/pnas.1510982112

Copyright
 © 2024 Raghavendra, John, Jacob, Rajendran, Prusty, Ansari, Ravisankar, Kumar, Singh, Shamim, Punia, Nirmal, Meena, Kashyap, Shivaswamy and Dutta. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/math_4.gif
%, (1) s the outcome for the adopters of IFS.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Unraveling determinants of integrated farming systems adoption for sustainable livelihood and dietary diversity



		1 Introduction



		2 Materials and methods



		2.1 Study area



		2.2 Climate of the study locale



		2.3 Sampling methodology



		2.4 Analytical framework



		2.4.1 Household dietary diversity score



		2.4.2 Logit regression method



		2.4.3 Coarsened exact matching













		3 Results



		3.1 Basic household characteristics of the respondents



		3.1.1 Socio-economic profile of respondents



		3.1.2 Farming systems and economics of farm households



		3.1.3 Consumption pattern of households









		3.2 Determinants of adoption of IFS technology



		3.3 Determinants of farm household dietary diversity



		3.4 Impact of IFS adoption on household income and dietary diversity







		4 Discussion



		4.1 Socio-economic profile of respondents



		4.2 Factors influencing IFS adoption



		4.3 Factors influencing the dietary diversity of farm households







		5 Conclusion



		5.1 Policy implications







		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/math_3.gif





OPS/images/math_6.gif





OPS/images/math_5.gif





OPS/images/math_2.gif





OPS/images/math_1.gif
Zi=po+ Y Bk
—











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Nutrition







OPS/images/fnut-11-1264658-t002.jpg
AVET(ET S [} Non-participants Difference ( Overall

(N =174) (N = 367)
Age (years) 51.61 (11.14) 51.69 (12.13) —0.09 51.65 (11.59)
Experience in farming (years) 23.13 (14.38) 25.16 (14.82) -20 24.06 (14.59)
Education level
Primary education (%) 15.38 (0.36) 27.64 (0.44) =12.26* 20.64 (0.42)
Secondary education (%) 43.36 (0.50) 39.84 (0.49) 3.55 41.57 (0.50)
Matriculation (%) 11.89 (0.32) 15.45 (0.36) —3.56 13.67 (0.34)
Graduation (%) 29.27 (0.46) 17.89 (0.38) 1138* 23.97 (0.42)
Family size (no.) 421 (1.53) 4.06 (1.35) 0.15 4.14 (1.45)
Social classes
a. Other backward castes (OBC) (%) 58.74 (0.49) 62.09 (0.49) —3.35 60.29 (0.49)
b. Scheduled Caste and Scheduled Tribe 3.49 (0.18) 16.00 (0.37) =12.51 % 9.36 (0.26)
(SCand ST) (%)
Membership in social institutions (%) 59.44 (0.49) 50.0 (0.50) 9.44 55.05 (0.50)
Milch animals (no.) 2.34 (2.461) 1.66 (1.80) 0.68*** 2.03 (2.0)
Credit facility availed (%) 37.06 (0.48) 24.19 (0.43) 12.87* 31.08 (0.46)

Standard deviation is denoted in parentheses; **5%, ***1% levels, respectively.





OPS/images/fnut-11-1264658-t003.jpg
Farming Farm Mean Total

enterprises households area (ha) Livestock
(no.) Units (no.)

Adopters

Crop+ animal 57(29.53) 124 341

husbandry (C + A)

Horticulture+ 61 (31.61) 0.40 3.05

animal husbandry

(H+A)

Crop+ 75 (38.86) 056 471

horticulture+

animal husbandry

(C+H+A)

Overall 193 (100) 0.65 3.89

Non-adopters

Crop+ animal 75 (43.10) 1.36 284
husbandry (C+ A)

Horticulture+ 48 (27.59) 0.25 1.58
animal husbandry
(H+A)

Crop+ 51(29.31) 0.53 2.05
horticulture+
animal husbandry
(C+H+A)

Total 174 (100) 0.76 2.30

Respective components are denoted in parentheses. Animal husbandry includes cow, buffalo,
goat, sheep, and poultry.





OPS/images/fnut-11-1264658-g003.gif
Consumption pattem (kg capitar! monh)





OPS/images/fnut-11-1264658-t001.jpg
May June July Sep Oct Nov
Thiruvananthapuram, Kerala
Mean rainfall (mm) 451.23 24277 183.17 203.05 393.40 263.79 186.70 2134.67
V% 80.46 47.55 48.00 55.35 50.65 3112 69.77 1479
Erode and Salem, Tamil Nadu
Mean rainfall (mm) 71.80 19.50 40.83 103.10 77.10 157.83 180.67 782.73
V% 7.46 20.35 94.41 99.43 72.86 69.18 47.19 8.66






OPS/images/fnut-11-1264658-t006.jpg
Control = Treatmen
All 174 193
Matched 130 150
Unmatched 44 43

Multivariate L1
distance: 0.62

Outcome Percent

variable higher than
outcome
mean (%)

Gross income (Rs/ha) 36,165 17071.07 22.65

Net income (Rs/ha) 35,852 ** 16115.43 40.46

Cost of cultivation —5,053 N 2151.53 -

(Rs/ha)

Household Dietary 0.48% 0.25 8.64

Diversity Score

Observations 280

*10% and **5% levels, respectively; ¥ non-significant; ATT, average treatment effects.






OPS/images/fnut-11-1264658-t004.jpg
Variables Marginal effect

dy/dx Standard

error
Age of the respondent | Log of years 0321+ 0.160
Experience in farming | Log of years —0.077 0.048
Education of Number of 0.018** 0.007
household head years
Household size Numbers 0.018 0.016
Other backward caste Yes=1, 0.061 0.046
(OBC) otherwise = 0
Scheduled Caste and Yes=1, —0.335 *** 0.118
Scheduled Tribe otherwise = 0
Landholding Logofacres 0.028 0.004
Livestock holding Numbers 0.033** 0.011
Plantation crops Yes=1, 0.115* 0.061
otherwise = 0
Credit facility Yes=1, 0.121** 0.064
otherwise = 0
Soil health card Yes=1, —0.155 0.126
otherwise =0
Net income Rs./ha 0.049 0.039
Membership in social Yes=1, 0.102 0.061
organizations otherwise = 0
Observations. 367

*10%, **5%, and ***1% levels, respectively.





OPS/images/fnut-11-1264658-t005.jpg
Variables OLS

Coefficients  Standard

error
Age of the respondent | Log of years 1.084 *% 0.18
Experience in farming | Log of years —0.018** 0.010
Education of Number of 0.019 0.021
household heads years
Family size Numbers 0.058 0.051
Other backward caste Yes=1, —0.903 *+* 0.195

otherwise = 0

Scheduled Caste and Yes=1, 0.948 *** 0315

Scheduled Tribe otherwise = 0

Landholding (log) Log of Acres 0.155%* 0.050

Livestock holding Numbers 0.048 0.03

Crops in kharif Yes=1, 0.059 0.050
otherwise = 0

Crops in rabi Yes=1, 0.118* 0.062
otherwise = 0

Plantation crop Yes=1, —0.620 *** 0.215
otherwise = 0

Credit facility Yes=1, 0.480 ** 0.198
otherwise = 0

Region Yes=1, —1.520** 0.281
otherwise = 0

Constant 2.874 %% 0.701

Observations. 367

*10%, **5%, and ***1% levels, respectively.





OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Unraveling determinants of
integrated farming systems
adoption for sustainable
livelihood and dietary diversity





OPS/images/fnut-11-1264658-g001.gif





OPS/images/fnut-11-1264658-g002.gif
i






