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Abstract


There is a growing concern about the sustainability of agriculture due to the indiscriminate use of chemical fertilizers in several parts of the world. In India, the Indo-Gangetic Plain (IGP) is a region where the externalities of excessive use of chemical fertilizers for cereal production manifest in groundwater pollution, air pollution due to emissions, and soil degradation. In this context, we study the adoption of organic fertilizers in the region and the determining factors. We use data collected from 400 rice farmers to empirically test the link between farmers’ perceptions, revenue expectations, socioeconomic factors, and the policy environment to adopt organic fertilizers. We use Tobit and Cragg’s double hurdle model to study the farmers’ expenditure and adoption of organic fertilizers, respectively. The results show that only 32% of the farmers adopted organic fertilizers in the region. Further, membership in farmer organizations, training, and education are the key variables that determine the adoption of organic fertilizers, in addition to a positive perception of the benefits of their usage. The findings highlight the need for efficient extension efforts in organic fertilizers and suggest policy interventions that promote collective learning through farmer groups.






Keywords:


sustainability; technology adoption; green technology; soil fertilization; organic fertilizer












1. Introduction


Fertilizers have played a crucial role in raising global food production and achieving food security [1]. The close causal link between global cereal production and chemical fertilizer consumption is widely acknowledged [2]. Though regional variations exist, in general, Nitrogen (N) fertilizer use is estimated to have contributed 40% to the increases in the world’s per capita food production [3]. N fertilizer’s direct effect on food production has driven its global consumption growth upwards of nine times from the consumption level of the 1960s [4]. However, with increasing N consumption, more unutilized N is also released to the environment through leaching, volatilization, nitrification, and denitrification [5,6,7], since crop uptake amounts to only about 30% to 50% of the total fertilizers applied to soil [8]. Overuse of chemical fertilizers leads to soil and water contamination issues and greenhouse gas emissions, thus polluting the environment [9,10]. Continuous overuse of fertilizers can negatively affect the soil quality and structure of the soil microbial community [11], resulting in the decline of soil organic matter and faster acidification of soil [12]. Thus, reducing chemical fertilizer application without threatening food security to maintain agriculture sustainability is a challenge [13]. In India, being an agriculture-dependent nation, the situation warrants immediate attention considering the present level of fertilizer use, the use efficiency of nutrients, and the emissions and leaching that affect the environment [14].



India is the second-largest consumer of chemical fertilizers in the world after China. India consumed about 17.6 million tonnes of Nitrogen (N), 6.9 million tonnes of Phosphate (P), and 2.7 million tonnes of Potash (K) fertilizers in 2018 [15]. Higher fertilizer use contributed to about half of India’s grain production during the 1970s and 1980s [16]. Increased fertilizer use was a part of the transformation of Indian agriculture through the green revolution, to which pockets such as the Indo-Gangetic Plains (IGPs) responded favourably by the rapid adoption of the use of chemical fertilizers, High Yielding Varieties (HYVs), pesticides, machines, and irrigation [17]. Notwithstanding that such a rapid transformation has helped to feed the country’s enormous population, in recent years, there has been an increasing concern related to the environmental effects of indiscriminate use of fertilizers [18]. The pertinent question is how to continue increasing food production without disturbing the environment [8].



Technological and policy interventions can help address the problem of fertilizer overuse [19,20,21]. The development and successful diffusion of technologies and policies will largely direct farming towards sustainability [22]. Amongst the strategies, organic fertilizers can act as a useful measure towards this end [23]. Organic fertilizer application has several potential benefits in the form of improving soil structure [24] and synergistic effect on soil microbial diversity [25] in addition to the production of safer food for consumers, which fetches premium prices in the market [26]. The gradual improvement in the soil properties due to organic fertilizers will eventually also result in higher crop yields [27]. Additionally, organic fertilizer use reduces the vulnerability of the cropping systems to climatic variabilities as well, thus demanding its improved adoption in the future [28,29]. Considering these potential benefits, the use of organic fertilizers and/or the reduced level of chemical fertilizers can contribute towards a sustainable future [30,31,32]. The Government of India has also emphasized this recently by setting up schemes such as Paramparagat Krishi Vikas Yojana, Rashtriya Krishi Vikas Yojana, National Mission for Sustainable Agriculture, National Program for Organic Production, and National Project on Organic Farming, which promote organic fertilizer use in farming [33,34]. Though the benefits of using organic fertilizers are widely recognized, their adoption at the farm level is still low in India, owing to several constraints [35]. The risk associated with using organic fertilizers in reduced yields, increased pest attack, disease incidence, and higher production cost could discourage the farmers from its use [36]. The fertilizer selection (chemical or organic) and application (rate of application) by the farmers may depend on several factors [1]. The farmer and farm-specific characteristics, farmers’ expectation of profits, the prevailing policy regime, and sales/marketing channels or arrangements can all affect the organic fertilizer adoption and level of use [9]. Farmers’ perceptions of organic fertilizers and their risk attitude is another vital factor determining this technology’s adoption [37,38].



Several studies have examined the determinants of organic farming adoption, but very few studies have explicitly dealt with the determinants of organic fertilizer adoption. Most importantly, adoption decisions and the level (quantity) of the use of organic fertilizers are sequential decisions. The estimation of the factors affecting them needs suitable econometric methods, which were lacking in earlier studies. To fill this research gap, we use data from a comprehensive rural household survey in the Indo-Gangetic Plains to empirically test the linkages between farmers’ perceptions, socioeconomic characteristics, policy variables promoting the technology adoption, and the use of organic fertilizers. Farmers cultivating rice are included in this study, as the rice–wheat farming system is most common in the region [39]. Farmers in the region have followed input-intensive farming practices since the green revolution, and hence it is an excellent case to study their perception and preferences towards organic fertilizers. The study explores the extent of the adoption of organic fertilizers by the farmers and identifies the driving factors. Understanding the determinants of organic fertilizer adoption can provide valuable insights for policymakers with empirical evidence to formulate greener inputs strategies without compromising the output.




2. Materials and Methods


2.1. Data


The study utilizes the data collected from 400 rice farmers of the IGP, India, from March to June 2020. The IGP region of India is vast, spanning from Punjab in the North-west to West Bengal in the East [40]. Farmers there follow an input-intensive rice–wheat cropping system, and a large number of them grow Basmati rice, which fetches premium prices in the international market [41]. Yield stagnation, the decline in the groundwater table, soil degradation, and atmospheric pollution questions the sustainability of rice cultivation in IGP [42]. Nevertheless, excessive fertilizer use, especially N, continues in the region, leading to nitrate leaching and groundwater pollution [43]. Along with this, the inadequate use of organic manures increases the risk of low yield response of the crop [44]. Judicious use of chemical fertilizers, along with organic fertilizers, as per the results of a soil test, is the key to sustaining the cropping system [45]. These prevailing cropping practices and resulting sustainability and environmental concerns encouraged us to select IGP to study organic fertilizer usage. Though both rice and wheat are grown in the study area in rotation, the farmers’ expectations on returns are higher from rice than wheat. This is because farmers grow wheat mainly for government procurement agencies and/or the national market, as well as rice for export markets. Due to this, we presume that farmers make better decisions on input use (including that for organic fertilizers) in rice in comparison to wheat. Hence, we select rice as the crop of our interest in this study. We used a multistage sampling technique to collect the primary data from the IGP (Figure 1). In the first stage, we randomly selected Karnal from the Upper Gangetic Plains and Gorakhpur from the Middle Gangetic Plains, among the region’s districts. These districts fall under different transect zones of IGP and have varying levels of agrarian dynamism. In the second stage, we selected one block from each district (Karnal block from Karnal district and Bansgaon block from Gorakhpur district) based on the maximum area under rice cultivation. We randomly selected four villages (Kalampura, Kachhwa, Sangohi, and Landhora from the Karnal block; Basauli, Dhobauli, Siswan, and Bharohia from Bansgaon block). In the final stage, 50 farmers were selected randomly from each of the eight selected villages that enabled us to survey the farmers and collect data from a total of 400 rice farmers, of which only 32% of farmers adopted organic fertilizers.



The data required for the study were collected using a structured schedule that consisted of questions on the demographic characteristics, household characteristics, farm characteristics of individual farmers, and farming practices followed by them. We also included questions on farmers’ perceptions of organic fertilizers and their risk preferences. Table 1 presents the descriptive statistics of the variables used in the study. While all the farmers used chemical fertilizers, only 32% used organic fertilizers in their rice fields. Although Farm Yard Manure (FYM) is the major organic fertilizer used by the farmers in the sample, some have also used biofertilizers and commercial organic fertilizer products. For analysis in this study, we consider FYM use and expenditure synonymously to organic fertilizer use and expenditure. Farmers, on average, spent five times more on chemical fertilizer in comparison to organic. We calculated a risk score for individual farmers using their responses to a set of questions specially designed for the purpose. The farmers’ average risk score was 3.38, indicating a relative risk-preferring group (1 = most risk-averse, 5 = most risk-preferring) who are ready to invest in newer technologies. While 17% of the farmers have attended at least one training on organic fertilizers, 26% happened to be members of any farmer organization or cooperative.




2.2. Methodology


We analyzed the data in two stages—the fertilizer expenditure models in the first stage, and the adoption and use of organic fertilizer in the second stage. We started by estimating the fertilizer expenditure models for both chemical and organic fertilizers. Since all the farmers used chemical fertilizers, we used Ordinary Least Square (OLS) regression to estimate the determinants of chemical fertilizer expenditure. When the dependent variable was censored, that is, when the observation accumulated at the limit of the range of the variable, the OLS model was not useful. The lower limit of the range was zero in the case of variable organic fertilizer use, and observations accumulated at this limit. The Tobit model, a censored regression model, was thus used to estimate the covariates of organic fertilizer expenditure, which was appropriate since only 32% of the farmers used organic fertilizers. We used the same set of independent variables in both the models to compare and contrast the differences in fertilizer expenditure behaviours of farmers.



We specify the Tobit model as:


Yi* = β1Xi + β2Pi + β3RSi + εi



(1)






Yi = Yi*, if Yi* > 0 and Yi = 0, if Yi* ≤ 0



(2)







The latent variable Yi* in Equation (1) is a stochastic variable to measure the organic fertilizer expenditure in Rupees (INR) per hectare rice area by the farmer i. Xi represents the set of socioeconomic variables that can affect the adoption of organic fertilizers, and Pi includes the variables to capture the farmer’s perception of organic fertilizers. We assumed that the attitude towards risk can also affect the adoption of new technologies by the farmers. Hence, the variable RSi is included in the model to represent the risk score of the farmer. The final term εi in Equation (1) represents the random disturbance term, while β1, β2, and β3 refer to the coefficients of the parameters to be estimated. Equation (2) provides the relation between the observed expenditure on organic fertilizers Yi and the latent variable Yi*.



Next, to estimate the covariates of expenditure on chemical fertilizers by the farmers, we used OLS regression. The OLS approach was appropriate since all the farmers surveyed used chemical fertilizers. The OLS model was specified as in Equation (3),


Yi = α1Xi + α2Pi + α3RSi + εi



(3)




where Yi represents the farmer’s expenditure on chemical fertilizers in INR per ha, and all the other variables are the same as in Equation (1). Finally, the parameters to be estimated by the model are α1, α2, and α3. We also performed a variance inflation factors (VIFs) test, following OLS regression, to detect multicollinearity among the independent variables.



We estimated the organic fertilizer use (quintals per hectare rice area) by Cragg’s double hurdle model in the second stage. Unlike the first stage, where the prime objective of the analysis was to compare the expenditure behaviours of farmers between chemical and organic fertilizers, here we estimated the covariates of adoption and use (measured in physical quantity) of organic fertilizers. Upon data examination, we found that 68% of farmers reported using no organic fertilizers (nonadopters). The Tobit model of the first stage could be applied under the assumption that there being zero observations was due to economic factors, but it cannot explain there being zero observations due to nonparticipation. Cragg’s double hurdle model can be useful in this aspect. The advantage of using Cragg’s double hurdle model is that it allows considering the hurdles that the farmers need to overcome to become adopters of organic fertilizers at first, and then provide the estimates of variables that determine the level of organic fertilizer use [1]. It allows separate stochastic processes for adoption and level of use decisions. These are separately captured as the selection and outcome equations in the model, as specified below:


Zi* = β1Xi + β2Pi + β3RSi + ui



(4)






Yi* = α1Xi + α2Pi + α3RSi + vi



(5)







The adoption of organic fertilizer is represented by the latent variable Zi* and the level of organic fertilizer use by the latent variable Yi*. While β1, β2, and β3, as well as α1, α2, and α3, represent the parameters to be estimated, the terms ui and vi denote the errors that are assumed to be disturbed normally and independently with zero mean and a constant variance [46]. The relation between observed expenditure Yi and latent expenditure variable Yi* is as per Equation (6).


Yi = Yi*, if Zi* > 0 and Yi = 0, if Zi* ≤ 0



(6)







The motives behind adopting organic fertilizers and the quantity of use of organic fertilizers are complex. Therefore, we assumed the set of independent variables that affect the outcome equation and selection equation were the same, except for the set of variables on perception towards policy variables for promoting organic fertilizer use. This is because the farmers who have not adopted organic fertilizers would be handicapped in terms of formulating appropriate perceptions towards these variables.





3. Results


3.1. Comparison of Adopters and Nonadopters


Among the sampled farmers, only 32% were adopters of organic fertilizers. In Table 2, we provide adopters’ characteristics to test if they are different from the nonadopters in any aspect. The difference among adopters and nonadopters in the observed characteristics were tested using pairwise t-tests. We found the adopters’ ages and farming experience to be significantly lower than that of the nonadopters and their education to be significantly higher. There was a significant difference in other variables such as training, membership, asset, farm size, tenure security, the holding of the soil health card, and perception towards organic fertilizers. Interestingly, there was no difference among the two groups in the chemical fertilizer expenditure and quantity used, indicating that even the adopters of organic fertilizers are not ready to use lesser quantities of chemical fertilizers.




3.2. Determinants of Fertilizer Expenditure


Table 3 presents the regression results of expenditure for both chemical and organic fertilizers. It shows that the farm size and soil health card holding affected the chemical fertilizer expenditure positively and significantly. The larger farmers spent more on chemical fertilizers, suggesting that they used a higher amount of fertilizers, which may be due to their higher ability and purchasing power to buy the chemical fertilizers. However, the holding of the soil health card is supposed to reduce the chemical fertilizer use since the card provides the details on the soil fertility status of the farms and the nutrient requirements specific to the plot. As realized from the farmers’ discussion, many of them could not use the information provided in the card effectively to decide on fertilization. Additionally, mostly only the large and educated farmers valued the soil health card’s information. Farmers belonging to the disadvantaged section spent more on chemical fertilizers. They often depend fully on farming to earn their livelihoods, unlike their counterparts with multiple income sources. Hence, they invest more in chemical fertilizers with the expectation of extracting the maximum output from the crop. We also found that as the farmers’ experience in farming increases, they reduce the chemical fertilizer expenditure. Among the other variables in the model, the farmers’ perceptions that shifting to organic fertilizers will increase the pest and disease attack affected the expenditure in chemical fertilizers positively as expected. The variable’s sign is negative since the variable captures the perception on a five-point scale in which higher values disagree with the statement. All the VIF values were less than 3 in the VIF test, suggesting our model specification to be devoid of multicollinearity.



Interestingly, a different set of variables influences the expenditure on organic fertilizers, among which those referring to the perception of farmers towards organic fertilizers were key. Among these, the farmers who disagreed with the statement that organic fertilizer use will reduce the yield and agreed that it would provide a better price to the output spent more on the organic fertilizers. Additionally, the farmers’ contentment about the policy environment variables such as the current level of extension support and subsidies received and the status of farm certification encouraged organic fertilizer expenditure. Among the farmer characteristics, age and education were the crucial ones that affected the expenditure decision. Well-educated and young farmers were likely to spend more on organic fertilizers. Membership in farmer associations/cooperatives and farm size were the other determinants that positively affected the decision to invest. As large-sized farmers have better access to the information and can invest more, it is logical that they show a higher expenditure. The results are in line with Chen et al. [1]. The significance of membership re-emphasizes the fact that technology adoption can be better if promulgated through such groups.




3.3. Determinants of Organic Fertilizer Adoption and Use by Rice Farmers


The determinants of organic fertilizer adoption and use were estimated using Cragg’s double hurdle model. Table 4 presents the results and shows both the selection and outcome models. The organic fertilizer adoption decision (selection model) is significantly affected by the effects the farmers perceived with regard to organic fertilizer adoption. Their perceptions of organic fertilizer’s effect on yield, output price, pest and disease attacks, and market acceptance were all associated with the adoption decision. The farmers who perceived that the yield would not be reduced and that pests and disease attacks will not be higher due to organic fertilizer being found to have a higher chance of adoption. Membership in farmer organizations and participation in organic fertilizer training also determined the adoption positively and significantly. The younger farmers showed better adoption, and the number of years of formal education also significantly affected it. Most of the variables that affected the adoption decision also significantly affected the level of organic fertilizer use (outcome model). Farmers who are young, educated, members of farmer organizations, participate in organic fertilizer training, have larger farm sizes, and have positive perceptions of organic fertilizers adopt organic fertilizers and use them at levels higher than the others. However, the perception that organic fertilizer use will increase pest and disease attacks and provide better acceptance in the market affected only the adoption and not the level of organic fertilizer use.





4. Discussion


Our analysis results provide meaningful insights into the organic fertilizer adoption and use by the farmers in the IGP region of India. All the explanatory variables included in the models were selected based on their hypothesized relation with the adoption decision and use level. We hypothesize that the farmers’ expenditure on fertilizers is directly in line with their prospect revenue variables, such as the effect on yield, price, and the risk involved (in switching partially or wholly from chemical to organic fertilizer or vice versa). Farmers’ perceptions of organic fertilizers were captured using these variables, and their significance in the model is in line with other studies [1,9]. The farmers who expect better yields and revenues with chemical fertilizers will continue to use them under normal circumstances unless they believe that supplementing the fertilizer mix with organic components could make a difference to their revenues. The prospect revenue variables, except risk, were found to encourage organic fertilizer use. The risk score did not affect the farmers’ decisions, which is not in line with previous studies [47,48]. As noted earlier, the farmers in the IGP are those who adopted the green revolution technologies and contributed significantly to India’s cereal production. The grain output from this region is generally exported or procured by the government agencies for distributing through the public distribution system; hence, they are ensured to receive a minimum price (Minimum Support Price) [49]. This may be the reason for the nonsignificance of the risk score of the farmers.



The farmers’ perceptions and confidence in the existing marketing arrangement is another aspect that could play a part in decision-making. The need for contracts and their membership status in the farmer organizations/cooperatives depict this variable. Both of these variables encouraged organic fertilizer use significantly. The literature also suggests [36] that membership in farmer organizations will help the farmer to navigate the proper fertilization strategies by reducing excessive chemical fertilizers, which could prompt them to use more organic supplements. Training on organic fertilizer use is another variable that had a positive effect on its adoption. This finding complements the literature [1,50] and suggests that the efforts of the government to educate farmers through training on different types of organic fertilizers, their suitability to different soil conditions, the time lag for the effects to be visible, and the method of adoption will pay off heavily in the future by helping them to embrace sustainability in the production systems. Socioeconomic characteristics such as age, education, and the farming experience can also affect the expenditure decision since younger lots are risk-takers, and education gives them access to better information. Additionally, higher farming experience results in a better understanding of the farm nutrient needs and helps realize the significance of organic fertilizers.



Among others, the set of variables that are part of the policy environment, including subsidy, the need for certification of farms or produce, and extension support, also encourages organic fertilizer adoption. Subsidies can help increase the level of use because the adopters in the region cannot use the recommended level of organic fertilizers, which may be due to monetary constraints. Since they understand the benefits of organic fertilizers and have crossed the adoption barrier, they may be better it if they receive support in the form of subsidies. Government actions also echo this, since there is a greater emphasis on organic fertilizers in several recently implemented agricultural development schemes [33]. The future impetus will be on the Decision Support Systems (DSSs) that enable assessing the effectiveness of organic fertilizers locally or regionally [51]. Such an organic fertilizer promotional strategy utilizing a DSS will go a long way in the journey of Indian agriculture towards a sustainable future [52,53].



To summarize, in this study, we have extracted the determinants that could affect the adoption and use of organic fertilizers. Although our analysis provides several meaningful insights, there are some limitations as well. The dependency between the two hurdles in the double hurdle model is assumed based on the underlying theory and not empirically tested, which is a limitation of the model. Additionally, we have considered only one among the two crops commonly cultivated within the region, and hence there are chances of underestimating the actual quantity of organic fertilizers applied to the farms. The results should thus be interpreted cautiously, considering the variation in farmers’ perceptions and the crop and soil requirements across regions. Still, our findings can be valuable to areas with similar agroecological and socioeconomic characteristics to the IGP. Further research in this area can focus on the local social networks prevalent in the region, giving a micro view on the agencies and entities to be tapped to encourage better adoption and use of organic fertilizers. Randomized control trials on organic fertilizers are another future research option that can prove the technology’s worth and spread the results fast among the stakeholders. Additionally, studies utilizing time-series data on similar aspects can be of great value in the future since they can provide better insights than cross-sectional data.




5. Conclusions


Using data from a comprehensive survey of rice farmers in IGP, India, we studied the expenditure on organic fertilizers and the factors determining its adoption and quantity used. We used the Tobit model to study farmers’ expenditure in organic fertilizers and Cragg’s double hurdle model to identify the factors determining its adoption and level of use in farming. We add valuable information to the literature by linking farmers’ future revenue expectations, the prevailing marketing arrangements, socioeconomic factors, policy environment, and perception of technology with technology adoption and intensity of use. The findings are relevant since the adoption of organic fertilizers in the region was found to be lower, hence policy options should be suggested to increase its usage. We found that, in general, young, educated farmers who are members of farmer organizations, attended training, and positively perceived the effect of using organic fertilizers were the adopters and showed higher levels of use. Our findings have some policy implications as well, especially concerning the future strategies of soil fertilization in the region. First, the government should encourage the farmers to join together, form groups, and make collective farming decisions suitable for the local soil properties. The uneducated, older, and untrained farmers could also experience the benefits of organic fertilizers. Additionally, it will be more comfortable and practical if training is provided to farmer groups than individual farmers. Second, since the positive perception towards organic fertilizers plays a crucial role in its adoption and level of usage, more efforts to popularize the benefits of the technology should be undertaken by the government since it takes time before the technology reaches the majority. The problem with organic fertilizers is that their benefits may not have immediate visibility. The extension system has a huge role to play here to assure the farmers of the benefits of continuing with its usage. Third, although the subsidies are being criticized for being the most common government strategy for promoting chemical fertilizer usage, an altered strategy of providing a part of these subsidies to promote organic fertilizers can be effective in improving its usage. However, it is necessary to act beyond subsidies and create an enabling environment that can form farmer groups, avail necessary training, and perceive the actual benefits before they are reaped. Finally, if generated from different locations and conditions, more research evidence can help validate the findings that can guide policymaking to benefit a broader set of farmers, nationally and internationally.
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Figure 1. Map of the study area (Indo-Gangetic Plains region of India): (a) study districts from the IGP selected for the primary survey; (b) location of the sample villages. 
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Table 1. Descriptive statistics of variables used in the study.
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Variable

	
Definition

	
Mean (Std. Dev.)/per cent






	
Uses organic fertilizers

	
1 if the farmer uses organic fertilizer, 0 otherwise

	
0.32 (0.47)




	
Gender

	
1 if the farmer is male, 0 otherwise

	
0.96 (0.20)




	
Age

	
Age of the farmer in years

	
48.01(11.61)




	
Disadvantaged section

	
1 if the farmer belongs to Scheduled caste or Scheduled Tribes, 0 otherwise

	
0.10 (0.29)




	
Education

	
Formal education of the farmer in years

	
7.84 (3.48)




	
Farming experience

	
Farming experience in years

	
29.57 (13.39)




	
Tenure security

	
1 if the tenancy status/land user right of the farmer changes within the next five years, 0 otherwise

	
0.01 (0.11)




	
Soil health card

	
1 if the soil health card is issued to the farmer, 0 otherwise

	
0.51 (0.50)




	
Membership

	
1 if the farmer is a member of any farmer organization/cooperative

	
0.27 (0.44)




	
Training

	
1 if the farmer had received training on organic fertilizers

	
0.17 (0.38)




	
Distance to the farm

	
Farmers’ self-reported distance to the farm from home (1 = near, 0 = far)

	
0.79 (0.41)




	
Asset

	
Average value of farm asset in INR

	
249,166.23 (417,401.62)




	
Risk score

	
Risk score calculated based on data collected on a 5-point scale

(lower score indicates risk aversion)

	
3.38 (0.74)




	
Size of farm holdings

	
Size of the farm in hectares

	
1.64 (1.69)




	
Soil fertility

	
Farmers’ self-reported status of farm soil fertility

(5-point scale: 1 = worst; 5 = very good)

	
3.85 (0.72)




	
Status of fertilizer application




	
Chemical fertilizer

	
Chemical fertilizers applied in kilograms

	
190.21 (64.58)




	
Expenditure on chemical fertilizer

	
Cost of the chemical fertilizers in INR

	
4241.60 (1440.18)




	
Organic fertilizer

	
Quantity of organic fertilizers applied in quintals

	
0.77 (1.72)




	
Organic fertilizer expenditure

	
Cost of the organic fertilizers in INR

	
734.29 (1649.56)




	
Farmers’ perceptions towards organic fertilizers (5-point scale: 1 = strongly agree; 5 = strongly disagree)




	
Reduce yield

	
Organic fertilizer will reduce yield

	
3.08 (1.14)




	
Better output price

	
Organic fertilizer will help fetch a better price for output

	
2.53 (0.90)




	
Increases pest and disease attack

	
Organic fertilizer increases pest and disease attack

	
3.08 (0.84)




	
Better acceptance in the market

	
Organic fertilizer will help realize better acceptance in the market

	
2.64 (0.81)




	
Farmers’ perceptions towards policy variables for promoting organic fertilizers (5-point scale: 1 = strongly agree; 5 = strongly disagree)




	
Output sale contract

	
Output sale contract needed for using organic inputs

	
2.63 (1.07)




	
Farm certification

	
The farm should be certified if I use organic fertilizers

	
2.40 (1.16)




	
Subsidy

	
I need a subsidy to use organic fertilizers

	
2.18 (1.59)




	
Extension support

	
I need better extension support to use organic fertilizers.

	
2.04 (1.39)











 





Table 2. Summary of critical variables for organic fertilizer adopters and nonadopters.
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Variables

	
Nonadopter

	
Adopter

	
Mean Difference






	
Gender

	
0.96

	
0.95

	
0.018




	
Age

	
50.35

	
43.03

	
7.314 ***




	
Disadvantaged section

	
0.11

	
0.06

	
0.059 *




	
Education

	
6.84

	
9.97

	
−3.127 ***




	
Farming experience

	
31.88

	
24.66

	
7.215 ***




	
Tenure security

	
0.00

	
0.04

	
−0.039 ***




	
Soil health card

	
0.43

	
0.70

	
−0.269 ***




	
Membership

	
0.11

	
0.59

	
−0.472 ***




	
Training

	
0.01

	
0.52

	
−0.516 ***




	
Distance to the farm

	
0.77

	
0.81

	
−0.04




	
Asset

	
160,000

	
440,000

	
−2.8 × 105 ***




	
Risk score

	
3.40

	
3.35

	
0.055




	
Farm area

	
1.26

	
2.46

	
−1.201 ***




	
Soil fertility

	
3.88

	
3.80

	
0.078




	
Status of fertilizer application




	
Chemical fertilizer

	
186.97

	
197.08

	
−10.105




	
Chemical fertilizer expenditure

	
4169.49

	
4394.83

	
−225.343




	
Organic fertilizer expenditure

	
0.00

	
2294.65

	
−2295 ***




	
Farmers’ perceptions towards organic fertilizers

(5-point scale: 1 = strongly agree; 5 = strongly disagree)




	
Reduce yield

	
2.71

	
3.87

	
−1.158 ***




	
Better output price

	
2.63

	
2.31

	
0.328 ***




	
Increases pest and disease attack

	
2.80

	
3.66

	
−0.855 ***




	
Better acceptance in the market

	
2.80

	
2.29

	
0.512 ***




	
Farmers’ perceptions towards policy variables for promoting organic fertilizers

(5-point scale: 1 = strongly agree; 5 = strongly disagree)




	
Output sale contract

	
2.44

	
3.02

	
−0.582 ***




	
Farm certification

	
2.04

	
3.17

	
−1.135 ***




	
Subsidy

	
1.26

	
4.14

	
−2.880 ***




	
Extension support

	
1.46

	
3.28

	
−1.822 ***








Note: *** and * represent significance levels at 1% and 10%, respectively, for the mean difference from t-test.













 





Table 3. Determinants of fertilizer expenditure
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	Variables
	Chemical Fertilizers

(OLS Model)
	Organic Fertilizers

(Tobit Model)





	Gender
	635.503 * (353.926)
	−354.529 (497.459)



	Age
	3.779 (8.628)
	−31.127 ** (15.306)



	Disadvantaged section
	511.414 ** (246.342)
	432.020 (408.153)



	Education
	−0.072 (21.809)
	72.628 ** (31.906)



	Farming experience
	−19.789 *** (7.497)
	−2.971 (13.429)



	Tenure security
	567.208 (652.401)
	−882.168 (633.691)



	Soil health card
	326.366 ** (152.108)
	−150.409 (231.138)



	Membership
	134.800 (186.681)
	1293.679 *** (241.526)



	Training
	−187.538 (261.156)
	−222.648 (283.939)



	Distance to farm
	27.957 (179.016)
	13.863 (273.912)



	Asset
	0.001 (0.001)
	0.00 (0.001)



	Risk score
	99.451 (95.582)
	−148.817 (149.030)



	Farm size
	247.855 *** (45.435)
	948.213 *** (53.560)



	Soil fertility
	−25.998 (95.078)
	50.222 (120.851)



	Reduce yield
	−2.056 (71.340)
	461.185 *** (105.938)



	Better output price
	121.27 (85.203)
	−241.947 ** (119.061)



	Increases pest and disease attack
	−246.960 ** (100.347)
	144.587 (139.923)



	Better acceptance in market
	−112.811 (97.540)
	56.991 (140.245)



	Output sale contract
	−1.972 (71.116)
	−151.342 (95.477)



	Farm certification
	65.076 (70.411)
	146.670 * (87.846)



	Subsidy
	−11.051 (64.822)
	614.419 *** (71.142)



	Extension support
	−4.826 (65.524)
	177.854 ** (78.050)



	Constant
	3774.115 *** (840.760)
	−4632.550 *** (1270.989)



	Observations
	400
	400



	F value
	4.15 ***
	



	LR chi2
	
	500.90 ***







Notes: The outcome variable is chemical and organic fertilizer expenditure per hectare in INR, respectively. Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.













 





Table 4. Determinants of organic fertilizer adoption and use: results of Cragg’s double hurdle model.
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Variables

	
Outcome Model

	
Selection Model






	
Gender

	
−0.255 ** (−0.124)

	
−1.522 ** (0.652)




	
Age

	
−0.009 *** (−0.003)

	
−0.050 *** (0.018)




	
Disadvantaged section

	
0.053 (−0.14)

	
−0.519 (0.413)




	
Farming experience

	
−0.001 (0.002)

	
−0.002 (0.016)




	
Education

	
0.022 ** (−0.011)

	
0.192 *** (0.046)




	
Tenure security

	
0.089 (13.717)

	
3.772 (201.838)




	
Soil Health Card

	
0.044(0.075)

	
−0.069(0.294)




	
Membership

	
0.047 ***(0.109)

	
1.572 ***(0.353)




	
Training

	
0.319 * (0.166)

	
2.393 *** (0.631)




	
Distance to farm

	
−0.076 (0.087)

	
0.665 * (0.342)




	
Asset

	
0.001 (0.001)

	
−0.001 (0.001)




	
Risk score

	
0.014 (0.051)

	
−0.090 (0.216)




	
Farm size

	
0.282 *** (0.023)

	
0.341 *** (0.113)




	
Soil fertility

	
0.031 (0.041)

	
−0.093 (0.178)




	
Reduce yield

	
0.106 *** (0.036)

	
0.654 ***(0.138)




	
Better output price

	
−0.133 *** (−0.043)

	
−0.477 *** (0.178)




	
Increases pest and disease attack

	
0.087 * (0.049)

	
1.030 *** (0.249)




	
Better acceptance in market

	
−0.056 (0.049)

	
−0.444 ** (0.192)




	
Output sale contract

	
−0.044 * (0.024)

	




	
Farm certification

	
−0.017 (0.023)

	




	
Subsidy

	
0.037 * (0.020)

	




	
Extension support

	
0.013 (0.018)

	




	
Constant

	
0.349 (1.621)

	
−2.328 (1.533)




	
Observations

	
400

	
400




	
LR chi2

	
574.14 ***




	
Log-likelihood

	
−203.13








Notes: Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.
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