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Abstract

:

This study investigates owner and tenant characteristics and differences between these two groups in their participation in federal conservation initiatives. Bivariate probit model analysis, based on a 2016–2017 Louisiana row-crop producer’s survey show that owners, relative to tenant farmers, are more likely to adopt conservation in early years of ownership. The results emphasize the need for mechanisms for tenants in short-term contracts to invest in long-term conservation. Moreover, conservation initiatives should be tailored, as tenant farmers are increasingly farming more land and policies should carefully account for this growing group of farmers.
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1. Introduction


National soil and water health initiatives have focused on promoting the adoption of several conservation practices among farmers as a measure to address nonpoint source pollution, weathering farming against extreme events such as drought and heavy rainfall, pest and disease suppression, etc. Adoption of conservation on the ground is influenced by social, individual, and economic characteristics. A vast amount of literature has analyzed these factors on various scales [1,2,3,4]. Among variables affecting adoption of conservation, ownership plays an important role in voluntary conservation adoption in the United States and other parts of the world [5].



Ownership variable plays an important role in land management decisions. The author of [6] stressed that ownership is directly linked to better land management decisions. He emphasized that private landowners are more likely to conserve their land and natural resources tied to that land. With growing input costs, coupled with an aging farmer population serving as principal farm operator, more land is now leased but ownership is still retained, as land is considered wealth. In such cases, where it was previously thought that tenancy is associated with poorer adoption of land conservation measures [7], there is a need to increase knowledge about ownership and motivation that drives conservation adoption of working lands and how conservation is perceived among these groups of farmers.



The existing literature has identified characteristics such as age, gender, education [1,8]; other studies have shown that income and access to credit [3,9] affect adoption of conservation technology. But there has not been much evaluation done of ownership factors affecting conservation adoption. In addition, length of ownership, i.e., how long the land is either owned or leased affects conservation adoption because it is assumed that the longer the connection to the land, there is a greater understanding of the resource concerns of the land and the need to address those concerns through conservation implementation. Aligning production with conservation practices is warranted when intensive agricultural production could exacerbate the issue of non-point pollution. Agriculture is considered one of the major contributors to non-point source pollution. Inefficient use of inputs, mainly nutrients and irrigation, to agricultural lands can result in runoff of nutrients and sediments from croplands to neighboring bodies of water. In addition, some of the agricultural lands are naturally prone to losing nutrients and sediments. As a result, understanding the land and its inherent characteristics is key to the management of inputs applied and their consequent removal through anthropogenic as well as natural factors. Therefore, the decision to adopt conservation depends on the need to address these concerns and is dependent on various factors indicated above, including ownership.



Improved varieties, new technology, and policy changes have prompted some landowners to consider leasing out land as one of the ways to maintain ownership but accumulate wealth. On the other hand, tenant farmers are willing to farm more acres, which could be linked to either younger generation of farmers replacing the aging principal farm operators and/or tenant farmers willing to increase total acres in their enterprise to accommodate increasing land rents, as larger farm size can provide overall higher profits due to economies of scale. Nevertheless, it is reasonable to assume that both groups, full owners (principal farm operators that own 100% of the land they farm) and tenant farmers (principal farm operators that rent 100% of the farmland as well as those who rent part of the farmland) would react similarly to growing demand for agricultural products as a consequence of increasing global population, i.e., adopt methods and technology to improve production but each groups’ intent to mitigate resource use vis-a-vis overuse can significantly differ as the decision can be a profit-maximizing problem and/or utility-maximizing problem [10].



These dynamics need careful evaluation because the utility gained from conservation adoption can differ among these two groups; hence, investigating the differences among these groups can provide useful insights on what drives conservation adoption and what role previous participation in conservation programs plays in participation in national conservation initiatives, as the purpose to own and/or lease the land can be different among these groups. The objectives of the study are to evaluate whether ownership and length of ownership affect conservation adoption, the factors that differentiate the owner from tenant farmers in adopting conservation practices and programs.



When benefits, both monetary and nonmonetary, accrue form adoption of conservation technologies, there might be region-wide benefits [11], which could include overall nutrient runoff reduction in a body of water, and can also promote adoption as a result of peer- influence, which can have implications for overall farm profits [12] and resource conservation in the long run [13]. Therefore, understanding characteristics that influence conservation adoption, aimed to mitigate nonpoint source pollution, is the cornerstone to promote sustainable agriculture and bolster the argument for the programs to be funded appropriately to achieve those long-term goals.



With recent policies such as regional conservation partnership program, aimed at implementing conservation strategies, across watersheds, understanding the differences in adoption behavior, if present, will conclude whether the interests of the full-owners and tenants are aligned with conservation objectives. Moreover, when production and conservation occur simultaneously on working lands, understanding adopting behavior by these two groups can lead to adjustments in current policies that can enable designing conservation strategies that can be implemented with minimal changes to current practices.




2. Economic Motivation


According to the United States Department of Agriculture’s Farms and Land in Farms report, the average farm size in Louisiana increased from 142 acres to 144 acres among full owners from 2002 to 2012, whereas the average farm size increased from 536 acres to 586 acres among tenant farmers. Together, tenants farmed a total of 5.2 million acres in Louisiana in 2012 compared to 2.7 million acres by full owners. In addition, there has been a 19% increase in tenant farmers in Louisiana farming 2000 acres or more from 2007 to 2012. Conversely, full owners decreased by 7% [14] during the same time. These numbers illustrate that tenant farmers are farming relatively more acres and their number is trending upward in Louisiana, while full owners are decreasing in number and are farming fewer acres.



As noted earlier, ownership can profoundly impact conservation adoption on the ground; however, literature that examined the impact of ownership on conservation adoption found little consensus on the impact of ownership and indicated that these differences among tenant farmers and full owners in conservation adoption are shifting over time [15]. The same study that looked into one specific conservation practice, conservation tillage, have shown that full-owners are more likely to adopt conservation tillage [15], whereas other studies have found that tenant farmers were less likely to adopt conservation tillage or any other long-term conservation practices [2,4]. However, Tosakana [16] indicated that, with respect to buffer strips, leasing was not a deterrent to adoption. Since there are previous studies that have included the minimum tillage variable in the general context of adoption but not specifically related to tenure along with cover crop practices, we build upon the earlier attempts in literature analyzing ownership relation to conservation adoption by providing a closer look for tenant and full owners conservation adoption within the same analysis and analyzing the differences among these two groups in a regional setting.



Understanding this link between tenure and conservation choices in Louisiana is critical because the state is at the tail-end of the discharge of major river basins, the Mississippi and the Red-River, which ultimately discharges into the Gulf. Conservation on working lands can influence nutrient discharge and mitigate non-point source pollution. Attention to the link between tenure and conservation adoption, at this juncture, is critical when conservation programs are often constrained by budget availability, consolidation into fewer programs with various objectives, increase in extreme weather events [17], farm profits being impacted by inefficient input use [10], and elevated nutrient loadings in waterways [18]. Our research examines the connection between tenure and cover crops and conservation tillage adoption, seeking information through reliable sources, and participating in federal conservation programs using information from a producer survey that was conducted in Louisiana in December 2016 to January 2017. In the following sections, we introduce the survey, describe the economic model used to evaluate the responses, and discuss the results and their implications.




3. Survey and Data


The study analyzes row crop and pasture farmer’s decisions concerning the adoption of recommended soil management practices but more specifically the implementation of cover crops practices, tillage practices, and those decisions being influenced by ownership, information sources, participation in working-lands programs, and other conservation practices in use. A stratified random sample organized farmers in the Louisiana Master Farmer Program database according to three major row crops (corn/maize, soybeans, and cotton) and/or pasture farmers, farms over 350 acres (141 ha) in active production, and actively engaged in farming. The final group as a result of the above criteria consisted of 754 farmers from a total of 3820. However, out of the 754, only 500 of them had contact information listed in the database. As a result, the survey questionnaire was sent to those 500 farmers through email. Extension agents, research and extension faculty of the LSU AgCenter, and Soil and Water Conservation District Board members volunteered to test the survey for validity. The questionnaire was approved by the LSU AgCenter Institutional Review Board (IRB) prior to the initiation of the online survey.



The survey was designed and implemented using [19] a tailored design method. An initial notification/announcement was provided to farmer groups at producer meetings, field days, and certification meetings about the upcoming survey. This was followed by a pre-notification to the 500 farmers, who eventually received the survey link in the email in December 2016. A reminder email was sent two weeks later to those that have not responded to the survey. Survey respondents did not receive any incentives to complete the survey. Table 1 presents a summary of some management characteristics of the farmers surveyed in the region.



The survey consisted of sections that request information about adoption of 13 different soil management practices, participation in cost-share programs to implement those practices, land ownership structure, and intent to continue adoption based on the availability of cost-share programs. Sociodemographic information is also gathered in the survey. A total of 256 partially or fully completed surveys were returned. For the purpose of the study, responses with respect to cover crops adoption and conservation tillage, by both full-owners and tenant farmers, were included in the analysis. The survey response rate is above the 10% margin of sampling error, which was calculated using a minimum response rate guidance provided by [20] (Dillman provides the following formula for estimating desired response rate: Ns = Np(1 − p)/((Np − 1)(B/C)2 + p(1 − p)), where Ns is the response rate needed for the corresponding level of error, Np is the size of the population (~500 in our research), B is the acceptable amount of sampling error (we assume 10%), C is the statistical certainty usually set at the 95% confidence level (1.96), and p is the estimated level to be investigated, usually a p = 0.5 is chosen. These parameters yielded a required response rate of 81). The respondents were categorized as “full-owners” and as “tenants”.




4. Variables


Explanatory variables used in the regression model are described in this section. Descriptive statistics of these variables are given in Table 2. Within the literature on conservation agriculture, location-specific assessments of financial and other factors that influence farmers’ decision to adopt conservation practices are conducted [8,21], which provide useful insights of the independent variables, explain adoption, and facilitate policy argument to improve conservation on working lands [22]. The factors included in this analysis are described below:



The variable Length of Ownership is categorized into five groups: (1) Less than five years; (2) five to 10 years; (3) 11 to 15 years; (4) 16 to 20 years; and (5) greater than 20 years. The effect of length of ownership has been examined in a number of adoption studies [4,15,23,24,25,26] as ownership plays a crucial role in participation in federal conservation programs. It is often argued that renters that have a short-term connection to land are less likely to implement conservation practices [4]; however, it is not very clear about tenant farmers that are in long-term contracts with landowners. Categorizing the ownership variable into the length of ownership can provide useful insights on conservation adoption strategies among tenants.



Among management variables, soil-management practices, SOIL_MGMT was coded 1 if a farmer adopted at least two of the three most commonly recommended soil management practices and 0 otherwise. The three common practices include soil-test, crop rotation, and grassed waterways/vegetative buffers. While previous studies accounted for this behavior of adoption of soil management practices as for whether or not each of the practice is adopted, the variable in this analysis reflects the adoption of a package of practices, often encouraged by conservation agencies (Farm-specific conservation plan, often called a Resource Management System (RMS) Plan, implemented by farmers with the help of NRCS, is a similar approach where farmers implement a suite of site-specific conservation practices to address natural resource concerns on the farm. Having such a plan is perceived as farmer intent to implement long-term conservation. The soil management variable is believed to capture the effect of long-term conservation strategy among full owner and tenant farmers). These practices are often considered a part of a long-term conservation strategy. Tenant farmers might perceive adoption of these practices as not being able to provide immediate benefits to their overall net returns and might not consider adoption; however, there is evidence that tenant farmers are equally concerned about soil health [27]. The argument behind the latter is that tenant farmers intend to continue to farm the same land through longer rental contracts and/or anticipate to negotiate better contract rates by being better advocates of soil management.



The variable CSP_EQIP represents farmer’s current or past participation in the CSP and the EQIP, two most popular federal conservation working-lands programs. The variable is coded 1 if a farmer currently participates in CSP/EQIP and 0 otherwise. Both programs currently support cover crop practices and conservation tillage through national initiatives providing annual incentives if implemented for at least three to five years. Although studies have shown that current or previous participation can influence participation in national conservation initiatives [10], differences among tenants and owners have not been evaluated; however, [28] found that government payments for technical assistance did not impact investment in soil conservation practices. About 70% owners had 50% or more acres in these programs while about 40% of the renters have more than 75% of acres in CSP and about 35% renters have less than 25% of acres in EQIP.



The AGE variable was coded 1 if a farmer was 40 years or younger and 0 otherwise. In Louisiana, the average age of a principal operator in Louisiana is 58.5 [14], higher than the national average. Hence, there is more emphasis on the need for individuals to enter crop production enterprises to replace the aging farming population and keep agriculture and associated industries viable in the state; however, those entering as decision-makers in the owners or tenant farmers category can have different priorities and strategies to maximize profits. In addition, those entering farming at a much younger age than 40 years old, often seen in many family farms, do not necessarily make farm decisions because the older generation is still very much involved in farming. Those young individuals are only introduced into farming business as a way to initiate transition from one generation to another. As a result, the categorical variable of 40 or older is picked based on expert local farmer advice. Literature has examined this variable only in terms of the influence of age on conservation adoption [29,30] but not from an owner or tenant perspective. Therefore, it is important to understand the decision-making mechanism of that sub-group of farmers, who would be potentially replacing the aging principal farm operators in the region.



Conservation agencies, land-grant universities through their extension program, and independent crop consultants play a major role in the dissemination of information to farmers with respect to management practices, policy changes regarding programs, and research-based performance of management practices in mitigation of natural resource use. Such information is often used to make informed decisions by farmers. The variable TA_LSUNRCS represents whether farmers have received technical assistance from various groups, staff, and research faculty, among others. To include in the analysis, the variable was coded 1 if the farmer obtained technical assistance and research support from LSU AgCenter and/or Natural Resource Conservation Services and 0 otherwise. Several programs currently implemented by land-grant universities and conservation agencies can strongly influence conservation adoption; however, if owners and tenants perceive this information differently, it might help explain adoption differences.




5. Empirical Model


According to utility theories [31,32], a farmer’s behavior is characterized by a set of attributes (e.g., physical characteristics of the property and socioeconomic characteristics of the farmer). The farmer assesses his/her utility for each attribute on the choice to participate in a conservation program. The overall evaluation is based on a weighted combination of the utilities. The choice that produces the greatest utility is chosen. Thus, the probability that farmers who participate adopt a certain practice can be written as a function of a set of attributes [12]. The estimation of bivariate probit function is based on the method of maximum likelihood and the log-likelihood function can be expressed as:


lnL=∑i=1n{yilnΦ(β′X)+(1−yi)ln[1−Φ(β′X)]}



(1)




where β′ is a vector of coefficients to be estimated; X is a vector of explanatory variables.



Often, unobserved factors such as one’s attitude toward conservation can influence the adoption of conservation practices. As a result, in the current analysis, adoption of conservation tillage, cover crops, and any other soil management practices can be influenced by this unobservable factor(s), indicating a potential existence of endogeneity that can yield inconsistent results [33]. The problem can be tackled through a good instrument variable(s). Use of instrument variable(s) can estimate causal interactions and at the same time estimate whether the independent variable correlates with the error term.



Test for endogeneity was carried out (using ivprobit command in STATA), which produced the Wald test that examines whether the error terms in the structural equation and the reduced form equation for the potentially endogenous variable are correlated [34]. The endogeneity effect of adoption of common soil management practices on cover crop and conservation tillage adoption was investigated. The reliability of each instrument used against the instrumented in the iv-estimation was also tested.



In general, the parameter estimates of the bivariate probit model rarely have any direct interpretation besides indicating the significance of the explanatory variable and the direction of its influence on the dependent variable. The economic interpretation frequently focuses on the analysis of the marginal effects of regressors on the expected value of yi for limited dependent variable models [35]. To fully understand the magnitude of the relationship between the explanatory and dependent variables, the marginal effects using the maximum likelihood results obtained from the estimated model are calculated and can be expressed as [36]:


ΔXkiProb(Yi=1|X1i,…Xki;β0,…,βk)={βk∅(β0+∑l=1k−1βlXki+βk+∑l=k+1kβlXki)|Xki=1}−{βk∅(β0+∑l=1k−1βlXki+βk+∑l=k+1kβlXki)|Xki=0}



(2)




where ∅( ∙ ) is the standard normal probability density function (pdf), the discrete change in a regressor of Xki that takes the values [33] is given by the above equation. The marginal effects are interpreted similarly to those of binary probit models, but the effect is on the joint probability of the two outcomes. The marginal effects sum up to zero across the joint probabilities.




6. Results and Discussion


The marginal effects of the analysis are presented in Table 3. For each group of farmers, full-owners and tenant farmers, three decisions are analyzed. Those that have adopted only cover crops and no minimum tillage (CC = 1, MT = 0), those that have adopted minimum tillage but not cover crops (CC = 0, MT = 1), and those that have adopted both practices (CC = 1, MT = 1).



For variable, length of ownership, among full owners who adopted both practices, individuals with less than 10 years of ownership of land have adopted both cover crops and conservation tillage more than that of those with ownership of greater than 20 years; however, among full-owners that have adopted only conservation tillage, those with less than 15 years of ownership are less likely to adopt conservation tillage than the reference group. One of the reasons for such difference in adoption between two important soil management practices could be that tillage-related practices require a modification to equipment to enable conservation tillage. Those that have recently acquired land might consider this requirement as an additional expense and would prefer to adopt a practice that would fit with existing production practices as well as equipment. Moreover, the existing cost-share programs do not cover any expense to change or modify equipment to allow conservation practice implementation, which could be one of the other reasons for adopting less conservation tillage. On the other hand, among tenant farmers, even those that have leased the land for more than 15 years are less likely to adopt conservation tillage and cover crop practices compared to the reference group. With land rents on the rise, any additional expense might be a deterrent to adoption of a new practice on the farm. It is also likely that tenants might not be able to communicate properly the benefits of these conservation programs to their landowners to obtain approval of conservation practice adoption ultimately not being able to take advantage of the cost-share programs.



In the instrumental variable regression, adoption of common soil management practices is statistically significant with cover crop and conservation tillage adoption, which indicates that there is exogeneity of adoption of common soil management practices with cover crop and conservation tillage adoption. The Wald test results indicated that the instrumental variables are not endogenous to the dependent variable. As a result, the variable SOIL-MGMT was included in the final analysis. The variable SOIL_MGMT is positive among both full-owners and tenant farmers; albeit, only among those that have adopted both practices. The result is consistent with literature that owners tend to implement conservation strategies relatively more (more likely) than tenants as some of the practices might require a change to current production practices and might not provide immediate net returns, which could lead to less adoption among tenants [37].



The variable AGE, indicating the age of farmer to be less than 40 years old or less, is significant and negative among full owners with respect to the adoption of cover crop practices and conservation tillage. Research has shown that young farmers are more likely to adopt conservation practices [3]; however, the effect is opposite with respect to cover crop and conservation tillage practices among full-owners. It is reasonable to assume that irrespective of the age, the adoption decision is dominated by ownership of land. This might not be the case for other conservation practices.



The variable CSP_EQIP is both positive and significant among owners and renters. In the full-owner category, the effect is positive among those adopting one of the other practice; whereas, in the renters’ category, the effect is positive and significant among those adopting both practices. It is reasonable to assume that renters once provided approval from landowners might take full advantage of participation in conservation programs that provide both cost-share payments and environmental benefits of the conservation practices; hence, a positive and significant effect among those adopting both practices. Whereas among full-owners, the decision to adopt conservation practices is not tied to requiring any approval but rather a practice that best meets their current needs with an assumption that more practices can always be added at a later time, unlike in the case of renters where decisions could be tied to contract length. Shorter the length of the contract, one would find it less economical to invest in additional conservation practices that might not provide benefits within the contract time. Finally, full owners tend to use the information from extension agencies, land-grant university extension, to make decisions regarding implementation of both cover crops and conservation tillage practices. It is likely that renters tend to rely on other sources of information such as crop consultants, seed and fertilizer suppliers, to make some on-farm decisions.




7. Conclusions


Although adoption behavior is strongly linked to economic constraint paradigm, where farmers are more likely to adopt conservation practices, if the profitability from adoption is higher than the status-quo, there is also a strong rationale to adopt additional practices to achieve long-term conservation benefits, often non-tangible such as improvement in soil-water holding capacity, weed suppression, improvement in organic matter, among others, eventually providing environmental and economic benefits into the distant future. This behavior is evident in both full-owners and tenants adopting common soil management practices and adopting both cover crops and conservation tillage.



A large number of studies analyzed adoption behavior and suggested several determinants, including attitudes, costs, natural resources, and ownership to explain the role of these variables in the decision-making process; however, only a few studies accommodate circumstances that explain the differences in adoption decisions between owners and renters. Our results show that owners, irrespective of their length of ownership, are more willing to participate in conservation programs. Tenants, on the other hand, are less likely to implement conservation. Although there might be a blend of economic factors at play, one may be linked to not being able to attain the benefits of the conservation within the contract time for tenant farmers.



While studies have shown that tenant farmers participate more in some conservation programs than owners [38], our study found that certain conservation practices are adopted at a smaller rate among tenant farmers during early years of their contracts. Moreover, as studies showed that participation in conservation programs is not consistent among tenants and owners [39], we find that both groups utilize these programs to implement conservation on working lands; however, tenants tend to adopt multiple practices if they historically participated in cost-share programs. While owners utilize information from conservation agency staff and extension agents to make conservation decisions on the farm, tenants seem to rely more on other sources for information in conservation decisions.



The analysis supports arguments that secure land tenure leads to better adoption of conservation, in other words, short-term lease contracts do not contribute to investments in soil conservation [2]. As a result, long-term investments in conservation are not just tied to the availability of programs and associated incentives but to some extent on land tenure. As data provides some evidence of long-term leases on conservation adoption, the analysis sheds light on conservation behavior of farmers in short-term leases. As results show, there is a great need to provide opportunities for tenant farmers in short-term contracts to invest in long-term conservation. As some full-owners are willing to sacrifice short-term economic returns for long-term conservation benefits, owners preferring short-term contracts should support rental agreements that account for the benefits of conservation implementation and provide a way to share the expense of soil conservation practices with the lessee as a method to ensure sustainability of land use. The use of such decision-making can be tied into policy where landowner and lessee in such an arrangement can be evaluated whether they would qualify for a higher-ranking when allocating cost-share incentives, depending on the characteristics of the cropland, and/or qualify for implementing a mechanism to compensate for the difference in short-term vs long-term lease payment. Some of these alternatives should be of considerable interest to policymakers to substantiate how a public program can provide incentives to invest in a public good generation even when land-tenure is not secured and the benefits of implementation cannot be reaped in the short-run.



Although some of the results are tentative as they are based on smaller number of observations, possibly resulting in measurement error, the results suggest that promoting alternatives to invest in long-term conservation among those in short-term contracts can be an efficient way for wide-scale adoption of soil conservation initiatives. Finally, the results are useful from a policy perspective when certain programs are affected by funding availability that have implications for both owners and tenants, albeit differently; the success of such programs heavily relies on recognizing how these groups would respond to program changes. Moreover, there is ongoing development of various economic instruments to include environmental objectives but the success of the policy instruments is often tied to political as well as economic conditions. On a broader level, as economic theory predicts that security in lease contracts can result in investments in soil conservation, the results from the current analysis can be useful for several sources that communicate with farmers, full-owners and tenant farmers, to implement long-term conservation to address resource concerns.
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Table 1. General Farm-Management Characteristics of Farmers.
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Description

	
Full Owner

(n = 99)

	
Tenants

(n = 157)




	
Percent (%)

	
Cumulative Percent (%)

	
Percent (%)

	
Cumulative Percent (%)






	
Farmers who used cover crops practice

	
46.34

	
46.34

	
46.88

	
46.88




	
Farmers who do not use cover crops practice

	
53.66

	
100

	
53.13

	
100




	
% acres under conservation tillage

	

	

	

	




	
1–25%

	
50

	
50

	
18.6

	
18.6




	
26–50%

	
9.09

	
59.09

	
27.91

	
46.51




	
51–75%

	
4.55

	
63.64

	
9.3

	
55.81




	
76–100%

	
36.36

	
100

	
44.19

	
100




	
% acres enrolled in Conservation Stewardship Program (CSP)

	

	

	

	




	
1–25%

	
14.29

	
14.29

	
16.67

	
16.67




	
26–50%

	
14.29

	
28.57

	
16.67

	
33.33




	
51–75%

	
0

	
28.57

	
25

	
58.33




	
76–100%

	
71.43

	
100

	
41.67

	
100




	
% acres enrol