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Modeling the factors affecting farmer_s’ timing _of adoption of in-field conservation
cropping practices

Introduction

The diffusion of agricultural technologies is a gradual process; it takes time for information and
knowledge about these practices to be widespread within the farming community (Jabbar et al.,
2003; Jaffe et al., 2002). Differences in farmers’ and farm management characteristics make
farmers likely to adopt at different points in time (Fuglie and Kascak, 2001). Thus, studying the
timing of the adoption process is important (Hoppe, 2002). Farmers’ interaction with other
adopters and the process of knowledge accumulation, which takes place over time, are important
determinants in the diffusion of agricultural technologies (Fischer et al., 1996; Jabbar et al., 2003;
Llewellyn, 2007). Another important factor is the adaptability of conservation practices into
farmers’ production systems, which are likely to evolve over time as their production systems
adjust to changing conditions (Hudson and Hite, 2003). Knowing the factors that play a role in the
timing of adoption is important for agricultural educators and policymakers. Knowledge about the
factors that accelerate or slow adoption for particular practices can be useful in identifying target
populations with lower likelihood of adoption, allowing for the development of programs that
tackle the barriers faced these farmers.

The purpose of this study is to examine factors affecting the timing of adoption of
continuous no-till, cover crops, and variable rate application (VRA) of inputs for Kansas farmers
to gain insight regarding the time-path diffusion of these conservation practices since their
introduction into the agricultural community. A duration analysis was used to account for the

dynamics of the adoption process and the factors affecting farmer’s likelihood of adoption. In



addition, this study seeks to investigate how previous adoption efforts affect the speed of adoption

of additional conservation practices.

Literature review

There is a large body of literature examining the adoption of conservation practices (Feder and
Umali, 1993; Knowler and Bradshaw, 2007; Prokopy et al., 2008). Many adoption studies rely on
approaches that model adoption at a given point in time, are static in nature and are not able to
account for the timing (speed)! of adoption. Thus, these studies do not consider the process of
adoption over time and how some factors may not only affect the decision to adopt, but also the
timing of adoption. For example, some factors may not directly restrict the adoption of
conservation practices, but may delay their adoption (Fuglie and Kascak, 2001).

Given that farmers adopt a conservation practice based on their knowledge or expectations
about the benefits of the practice, the timing of information collection (learning) and formation of
expectations is important (Au and Kauffman, 2003), and may not be captured in traditional binary
adoption models (Burton et al., 2003). Diffusion studies, while accounting for the dynamic nature
of the diffusion of agricultural technologies, have done so at the aggregate level and have not been
able to capture farm-level characteristics that affect the adoption process at the individual level
(Fuglie and Kascak, 2001).

Some studies have employed duration analysis to examine the time path of adoption and
to account for the dynamic nature of the adoption process of agricultural technologies. In the

adoption literature, duration models have been applied to the study of organic farming (Burton et

! Timing and speed of adoption are used interchangeable in this study and they indicate the time it takes for
a farmer to adopt a certain agricultural practices



al., 2003); conservation tillage (D'Emden et al., 2006; Fuglie and Kascak, 2001); soil nutrient
testing and integrated pest management (Fuglie and Kascak, 2001); weed control practices
(Murage et al., 2011); fertilizer and herbicide (Dadi et al., 2004); drip irrigation (Alcon et al.,
2011); and other production technologies (Abdulai and Huffman, 2005).

Burton et al. (2003) studied the adoption of organic horticulture in the United Kingdom
using duration analysis. They found that the probability of adopting organic farming methods
declines after the farmer has been farming for five years. In addition, attitudinal factors were
important determinants of the timing of organic adoption, while factors such as education, farm
size, household size, and income from farming were not found to be significant factors. Dadi et al.
(2004) studied the adoption of fertilizer and herbicides by farmers in Ethiopia. Their findings
suggest that the speed of adoption of fertilizer was more rapid than the speed of adoption of
herbicides. Factors that accelerated adoption in their study were the availability of credit, output
prices, and closeness to markets. Factors such as farmers’ education, awareness of technologies,
and farm size were not significant determinants of the speed of adoption. Murage et al. (2011)
studied the timing of adoption of weed control technologies in corn production in Kenya using a
duration model. They found that education, farm size and household size increased the speed of
adoption. Their results also suggested that field days were a more effective method for accelerating
the decision to adopt.

Alcon et al. (2011) investigated the adoption of drip irrigation in Spain from 1975 to 2005.
They found that factors such as credit availability, water availability, the price of water,
information sources and trialing of prior technologies were significant determinants of the rate of
adoption. The adoption of water conservation practices in Kenya and the Philippines was also

analyzed by Oostendorp and Zaal (2012) using duration analysis. They found that land ownership



was an important factor affecting adoption. Their findings also suggested that the likelihood of
adoption decreased over time.

Fuglie and Kascak (2001) used duration analysis to examine the dynamics of the adoption
of conservation tillage, soil nutrient testing, and integrated pest management using data from a
USDA survey conducted from 1991 to 1993, covering different watersheds in the High Plains,
lowa-l1llinois, Central Nebraska basins, Mississippi Embayment, Upper Snake River Basin,
Susquehanna River Basin, and White River Basin. In this study, the authors investigated the effect
of farmer and farm characteristics, and natural resource characteristics (e.g. soil quality and
rainfall) on adoption. They found a faster rate of adoption for conservation tillage during the late
1980s. Education, farm size, source of farm income, and soil characteristics were important factors
in explaining the timing of adoption in their study. They also found that farmers with better soil
quality adopted more rapidly than farmers with poor soil quality. Duration analysis was also
applied by D'Emden et al. (2006) to study the adoption of conservation tillage by grain producers
in Australia from 1983 to 2003. They found that the decrease in the price of glyphosate was an
important factor accelerating adoption and that lower precipitation levels increased farmers’
likelihood of adoption.

The study presented here uses duration analysis to examine the timing of adoption of
continuous no-till, cover crops and VRA of inputs. While previous studies have examined the
adoption of these practices, they have done so from a static point of view. The time it takes farmers
to adopt a practice and the factors that accelerate or slow the adoption process have not been

extensively evaluated.



Methods and data

Conceptual framework

The adoption of conservation practices is a dynamic process. Farmers evaluate a practice and
decide to adopt at a point in time when introducing the practice into their production systems
maximizes their utility (Pannell et al., 2011). Different components may be evaluated as part of
the utility farmers derive from adopting a particular technology, including economic, social and/or
environmental benefits (Pannell et al., 2006; Pannell et al., 2011). For example, if farmers are
profit maximizers, they would adopt a technology if they find it profitable (Hoppe, 2002).
Commonly, farmers have multiple goals or objectives (Pannell et al., 2006). Farmers may also
seek to maximize their utility through environmental stewardship. In this case, in addition to
profits, the farmer would want to adopt a technology if doing so achieves their environmental
objectives. If a practice does not maximize farmers’ utility at a particular point in time, farmers
may delay adoption until new information about the suitability of the practice for meeting their
economic, social and environmental goals becomes available (Hoppe, 2002).

An important temporal aspect in the adoption process is a technology’s suitability. At the
beginning, the uncertainty from adopting a new practice is high, however, with time the uncertainty
is reduced (Pannell et al., 2006). In some cases, farmers may find it optimal to delay adoption until
the practice becomes viable for their cropping system. That is, the new technology or practice can
most easily be assimilated into their current cropping system with the lowest transaction cost, while
meeting their objectives for adopting the practice (Ghadim and Pannell, 1999; Pannell et al., 2006).
In some cases, this point is reached when sufficient information has been gathered to make an
optimal decision (Fischer et al., 1996; Jabbar et al., 2003). Some factors that may affect the

adaptability of a practice or technology and knowledge acquisition could be farm size, physical



capital requirements, human capital requirements, weather, geography, and complementarity with
other agricultural practices already used on the farm (Ghadim and Pannell, 1999; Jabbar et al.,
2003).

The compatibility of a conservation practice, which concerns the stage of development of
the technology, is another factor that can affect the adoption of a new technology or practice. For
example, in the case of VRA of inputs, constraints to adoption have been linked to equipment and
software issues (Robertson et al., 2012). External factors such as the complexity of the practice,
the extent of trialability, social network interactions, and farmer’s characteristics can influence
farmers’ perceptions of the adaptability and compatibility of a new practice, affecting the decision
of when to adopt (Pannell et al., 2011). For example, risk averse farmers may delay adoption to
avoid uncertainty and minimize the cost of information, which may become available as more
farmers adopt a practice (Sassenrath et al., 2008).

The conceptual framework examines the timing of adoption of conservation practices by

farmers, building on the framework used by Abdulai and Huffman (2005). Consider a farmer,
indexed by i, who is considering the adoption of a conservation practice. Let 7, (x,,) represent the
expected profit when adopting the conservation practice at time period t as a function of a set of
explanatory factors that can vary across individuals and time (x;). While profit is a strong

motivation to adopt a practice, it may not be the only objective. That is, farmers may be
environmental stewards or want to provide security for the farm for future generations. Thus, a

utility framework is used to capture these multiple objectives. Let farmer i’s expected utility from
farming in time period t be represented by U5 =UF[l.,, 7 (X,),z;, Wi, ;. T3, ]. It is assumed that
farmers’ expected utility is increasing in 7z such that U /ézE >0. |, is an indicator function

taking a value of 1 if the farmer adopts the conservation practice in time period t and zero



otherwise. The other arguments of farmer i's expected utility are farmer demographics (z;,) ; farm
and farm management characteristics (w,); attitudinal factors (r); and site-specific

characteristics I;,. These different factors play an important role in farmers’ motivation to adopt a

conservation practice as shown in prior research (Robison et al., 1984; Skaggs et al., 1994).

The goal of the farmer is to maximize expected utility over time, i.e. max Zui'f () . Letting
t

t* represent the optimal time to adopt the conservation practice, the utility maximization problem

-1 T T
implies the following condition: » U (I, =0,--)+> Ug (I, =1--) 2> Ug (I, =0,--), where the

t=1 t=t" t=1
indicator variable denotes adoption at time t*. The utility is maximized over the indicator variable

and adoption occurs when the above condition is met. That is, a farmer will adopt in time period

t"if the stream of utilities over time after adopting a conservation practice at time t"is greater or
equal to the sum of utilities when the practice is not adopted (or adopted at a different time). This

suggests that a conservation practice is adopted not only when its expected benefit is positive, but
by choosing t*, we ensure that the adoption occurs at the point in time when that benefit is
maximized (Abdulai and Huffman, 2005). Operationalizing this model requires that what is
observed for the farmer is the actual point of adoption t*. Thus, we can look at the timing of

adoption empirically from a probabilistic framework.

Empirical model
Duration analysis will be used to study the length of time it takes a farmer to adopt a conservation
practice. Let the time of adoption be represented by a random variable T . Then the probability

distribution of the length of time to adoption can be represented by the distribution function



F(t) = Prob(T <t). That is, the probability of adopting a conservation practice before time period
tis given by F(t), where tis a particular realization of T . Associated with this distribution, is its
corresponding density function f(t)=dF(t)/dt, which provides the relative frequency of
adopting at time period t (Greene, 2012; Kiefer, 1988). The probability that a farmer adopts after
time t can be represented by the survival function S(t) =1— F(t) =Prob(T >t) . Using F(t) and S(t)
, the probability that a farmer would adopt in a given interval of time At can be modeled using the

hazard rate (or function):

<T< >
(1) = lim Prob (t<T <t+At |T_t): f(t) (1)
At—0 At S(t)
The hazard rate represents the rate at which a farmer would adopt after he has farmed for t years,
or alternatively, after the practice has been available for t years, whichever is latest. The hazard

rate can be allowed to be a function of a vector of explanatory variables X such that

A (t;x) =1o(x, ), where A is a constant or baseline hazard. A commonly adopted functional

form for ¢(-) is ¢(-) =exp(x' ).

Different parametric specifications for the hazard function can be used, namely,
exponential, Weibull, log-logistic, lognormal, and inverse normal (Kalbfleisch and Prentice, 2011;
Lancaster, 1992). A graphical nonparametric assessment of the proper functional form to utilize to

model F(t) can be done using the Kaplan-Meier estimator, which can be used to assess the shape

of the distribution graphically and to determine the distributional form of the survival and hazard
functions (Kalbfleisch and Prentice, 2011; Lancaster, 1992). Based on the analysis of the Kaplan-
Meier estimator of the survival curve (discussed later in the results section), the Weibull model,
which is widely used to model monotonically increasing or decreasing hazard functions, was

chosen to model the duration of adoption in this study (Greene, 2012).



The hazard function assuming a Weibull distribution for F(t), is given by
A (t;X) = p(t)**exp(x' B), where » and p are distributional parameters (Greene, 2012). When
p =0, the distribution reduces to the exponential case, where the probability of adopting is the

same in any year after the operator begins farming. The explanatory variables enter the adoption
rate in a linear fashion. The explanatory variables do not affect duration dependence, which is
given by the parameter p, the explanatory variables affect the Weibull hazard multiplicatively

(Kalbfleisch and Prentice, 2011). For more details on how the model is derived, see Greene (2012).

Survey data

A survey was administered during a series of workshops held across 10 locations spanning the
state of Kansas from December 2013 to March 2014. Workshop locations were selected based on
different weather, landscape and farm demographic characteristics. Prior to administering the
survey, the instrument was field tested during two focus groups with farmers. The sample of
farmers contacted for the survey was obtained from the Kansas Farm Management Association
(KFMA). A total of 1,513 farmers were mailed letters to attend face-to-face workshops. Of the
farmers contacted, 432 responded to the letter, and 250 were able to attend the workshops, yielding
an adjusted response rate of 30% and an attendance rate of 17%. Workshop attendees were
compensated for their time and travel expenses.

Participating farmers were asked to complete a survey with questions covering their
farming history, farm operation, and conservation on their farm. The survey required respondents
to provide information on the practices adopted and the date in which these practices were
adopted. Farmers also provided information on the date in which they started operating any part

of their farm. The average farm size (including CRP land) of the respondents was 2,508 acres with



an average sales value of $400,000 to $599,999. The average farm size was larger than the average
farm size reported in the 2012 Census of Agriculture as the study focuses on medium to large
farms, excluding small hobby farmers, retired farmers, and very large operations which
represented a significant share of the total farms in Kansas (Lambert et al., 2007; NASS-USDA,

2014).

Model estimation

This study examined the timing of adoption of continuous no-till, cover crops and VRA of inputs.

For the purpose of this research, the conservation practices examined are defined as follows:

« Continuous no-till: Consists of planting crops directly into the crop residue without disturbing
the soil with tillage, for all the crops in a rotation within a particular field.

« Cover crops: Planting a single or multiple cover crop species between regular cash crops to
protect the soil and improve soil organic matter.

o VRA of inputs: This practice consists in using site-specific information for input application
rates within a field. Methods used could be sensor-based and/or map-based.

These practices were selected because they are cropping practices commonly known and adopted

at different degrees in the region of study. Given that farmers did not provide information

regarding the date of adoption for some practices, the number of observations for each practice

modeled varied. The start of the time period to adoption (T =0) begun at different years for each

farmer. The beginning of the duration for each farmer was estimated as either the year in which

the farmer started operating the farm, or alternatively, the year at which the practice was

commercially introduced if the farmer started operating the farm prior to the introduction of the

practice (Alcon et al., 2011; Burton et al., 2003; D'Emden et al., 2006).



For no-till practices, the year used as the initial year of farmers’ exposure to the practice
was 1962. While no-till practices were used since the existence of ancient cultures (Triplett and
Dick, 2008), its use in mechanized farms occurred in the last century. No-till experiments were
conducted as early as 1951 in the U.S., however the practice was not adopted and field trials
conducted until 1961 (Derpsch et al., 2010; Doraszelski, 2004). Successful introduction of no-till
practices in mechanized farms was reported in 1962 (Derpsch, 2004). Specifically, the
development of this practice in corn started in 1960 (Triplett and Dick, 2008). For VRA, 1993 was
used as the date in which farmers had initial access to precision technologies. By 1993, the
introduction of GPS made it possible for the development of crop monitoring and yield mapping
(Taylor and Whelan, 2005), technologies that had been commercially available since the early
1990s (Daberkow and McBride, 2003). For cover crops, there was not an identifiable date when
the practice was introduced since different types of cover crops have been used prior to the time
spam of this research.

In some cases, conservation practices could have been adopted on a farm by previous
operators. This represents a case of left truncation if information on the adopter and the path of
adoption are unknown. In this study, observations with left truncation were omitted following
Alcon et al. (2011). The exit or date of adoption was estimated as the year when adoption took
place for adopters (T =t ). For right censored observations, where adoption had not taken place by
the date of the survey, the survey date was taken as the exit time (Kiefer, 1988). For censored
observations, the process is still ongoing and adoption could take place sometime after t, but it is
not observed. The parameters of the duration model are estimated using Maximum Likelihood

estimation, and accounting for the censored nature of the data.



Explanatory variables used in the analysis
Multiple factors can affect farmers’ adoption of agricultural technologies. These factors differ by
the type of technology adopted and the region where adoption takes place. Some of the
determinants of adoption for conservation practices identified in the literature are farm and farm
management characteristics; biophysical factors or site-specific characteristics; economic factors;
attitudinal factors; and market factors such as input and output prices (Knowler and Bradshaw,
2007). The factors evaluated in this study are: profitability factors, farmer demographics (age and
education), farm and farm management characteristics (crop acreage, on-farm income, crop
income, previous adoption of conservation practices on the farm), attitudinal factors (risk aversion,
profit motivations, and if the farmer is an early adopter of technology), and site-specific
characteristics (regional variables). Descriptive statistics of the data are reported in Table 1.

Profitability is a discrete variable that takes a value of 1 if the farmer indicated that they
would adopt a conservation practice only if the practice increased profits, and zero otherwise. This
variable was used to control for the profitability of the practice at the time of adoption. If farmers
indicated that they would adopt these practices only if these resulted in higher profits, then it
follows that they adopted the practice at a particular point in time when expected profits were
higher with the practice than without it. Conversely, if farmers have yet to adopt these practices,
then it indicates that they do not perceive these practices as being economically profitable (i.e.
production, opportunity or transaction costs could be too high).

Age of the farm operator is expected to be negatively correlated with the speed of adoption.
Older farmers have a shorter planning horizon and are thought to be more averse to change. While
some studies have found that younger farmers are more likely to adopt conservation practices

(Davey and Furtan, 2008; Hudson and Hite, 2003; Larson et al., 2008; Soule et al., 2000), other



studies have found no statistical relationship (Abdulai and Huffman, 2005; Finger and EI Benni,
2013). College is a discrete variable taking a value of 1 if the farmer has a college degree, and zero
otherwise. Education was included to evaluate the effect of human capital in the timing of
adoption. Farmers with a higher level of education are thought to have better access to information
and to be able to make more efficient and informed decisions (Rahm and Huffman, 1984). The
effect of education is expected to be larger for more complex technologies like cover crops and
VRA application of inputs. Highly educated farmers have been found to be more likely to adopt
various VRA technologies (Adrian et al., 2005; Larson et al., 2008; Robertson et al., 2012). In
duration analysis applications, education has been found to speed the adoption of agricultural
technologies (Alcon et al., 2011; Fuglie and Kascak, 2001; Murage et al., 2011).

Crop Acreage represent the number of acres dedicated to crop production and was included
in the models to evaluate the effect of operation size. Given that some of these practices may
require human/capital investment and may have transaction costs, farmers that operate at a larger
scale may be able to distribute the costs of adoption among more acres or enterprises, reducing the
unit cost due to economies of scale. Therefore, total acres is expected to be a positive factor in the
timing of adoption. For practices where the required investment is larger (e.g. VRA of inputs), the
presence of economies of scale could be more significant. Evidence in the literature suggests that
VRA of inputs is more likely to be adopted on larger farms (Adrian et al., 2005; Daberkow and
McBride, 2003; Hudson and Hite, 2003; Larson et al., 2008; Robertson et al., 2012).

Farm Income is the percentage of income derived from the farm operation and is used as a
proxy for the time devoted to work on the farm. A higher percentage of on-farm income is expected
to speed the adoption of conservation practices. The adoption of agricultural practices require time

and investment in the development of new skills (Llewellyn, 2007), which could represent a



constraint to adoption for farmers whose main activity is not farming. Another variable included
in the analysis was Crops, the percentage of farm income from crop production. This variable is
expected to have different effects on each practice. Farmers with more livestock are expected to
be more likely to adopt cover crops because these can be used for a dual purpose, such as feeding
livestock. On the other hand, farmers whose income primarily comes from livestock and who allow
their livestock to graze crop residues may be less likely to adopt conservation tillage (Vitale et al.,
2011).

Previous adoption of conservation practices on the farm at the time of adoption was also
included to examine that effect of complementarity or substitionability of conservation practices.
A dummy variable was included to indicate if the farmer was using continuous no-till (CNT),
conservation crop rotations (CCRot), cover crops (CCrop), or VRA of inputs (VRA) prior to
adopting the practice being examined. Adopting different conservation practices on the farm could
also indicate an attitude towards conservation and it is expected to speed the timing of adoption.
However, a study by Bergtold and Molnar (2010) did not find evidence that the adoption of one
practice influenced the adoption of other practices.

Risk Aversion is a discrete variable indicating if the farmer is risk averse. Risk affects the
adoption of agricultural technologies in different ways and has been found to reduce the adoption
of agricultural technologies (Ghadim et al., 2005; Marra et al., 2003). Risk affects farmers’
willingness to try new practices and the process of knowledge accumulation (Greiner et al., 2009).
Risk averse farmers are thought to adopt practices more slowly than risk-neutral or risk-loving
farmers to avoid the cost of uncertainty and the cost of learning a new technology (Sassenrath et
al., 2008). For example, Krause and Black (1995) suggested that risk averse farmers adopt

conservation tillage slower because of the learning costs. In the case of no-till, at initial stages of



the diffusion of the technology, studies found the practice to be riskier, and risk aversion was found
to be negatively associated with adoption (Bultena and Hoiberg, 1983). However, as no-till
technologies improved and improved herbicides were introduced, the risk associated with the
practice decreased (Bosch and Pease, 2000). Generally, farmers with higher risk tolerance adopt
practices more rapidly than risk averse farmers (Chatterjee and Eliashberg, 1990).

Stewardship is an attitudinal factor indicating that environmental stewardship is more
important than farm profit to the farm operator. This variable is expected to speed the adoption of
the conservation practices. Farmers with conservation motivations were found to be more likely
to adopt best management practices in previous empirical studies (Greiner et al., 2009). Innovator
is a discrete variable indicating if the farmer is an early adopter of technologies. Innovators are
expected to adopt more rapidly. However, as discussed by Pannell et al. (2011), innovators are not
always the first to adopt conservation practices. In some cases, they may become later adopters if
the practice is not attractive or suitable to their production system.

Regional indicators, Western and Central, were included to account for differences in the
adoption across regions. The eastern region was used as the baseline. Due to heterogeneity in land
quality and weather, weed pressure and other factors that are not accounted for in the set of
explanatory variables, it is important to capture the effect of geographical differences affecting the
adoption of agricultural technologies (Green et al., 1996).

Given the way the variables enter the model and method of data collection, it is implicitly
assumed that the explanatory variables do not vary over time, which can be a strong assumption
for many covariates. Education may not change significantly over time as it is likely that the level
of education attained at the time farmers started operating their farm stayed the same. While

attitudinal factors and risk aversion may be affected by knowledge and experience, they could also



be related to farmers’ personality and it could be argued that, in general, they are relatively constant
over time. However, farm size may have been affected by the adoption of the practices and other

exogenous factors, and may not be constant.

Results and Discussions
Kaplain Meier survival estimates for the three practices are illustrated in Figure 1. The survival
function represents the likelihood that a farmer continues farming without adopting the
conservation practice. It can be noted that the survival curve for the three practices decreases over
time, indicating that the likelihood that a farmer would adopt any of these practices increases over
time. The three survival estimates decrease over time, indicating positive duration dependence.
That is, the likelihood of adoption increases with the number of years of farming or the number of
years the practice has been available (Greene, 2012). It can be noted that the adoption of these
practices is more rapid during the first years of farming (or introduction of the practice) and later
years are characterized by a slower pace of adoption. It can also be noted from the graphs that the
adoption of VRA has been slow. Under some conditions, farmers may have an incentive to delay
adoption until a technology is improved or more information becomes available (Chatterjee and
Eliashberg, 1990). Since the survival function for the exponential distribution is constant, and first
increasing and then decreasing for the lognormal and logistic distributions, the Weibull
distribution, characterized for being monotonically increasing (or decreasing), was a good fit for
the data in this study (Greene, 2012). The Weibull distribution is appropriate as the probability of
adoption is not expected to be constant over time, but to gradually increase.

The results of the models estimated are reported in Table 2. The parameter p, is greater

than one for all the conservation practices, indicating positive duration dependence. That is, the



likelihood that a farmer would adopt any of these practices increases with the number of years of
farming, or the number of years exposed to the practice. Over time, the cost of technologies tends
to decrease (Jaffe et al., 2002). In addition, over time, farmers acquire more farming experience
and accumulate knowledge and capital. These factors may increase the likelihood that a farmer
adopts a conservation practice. Given that the adoption of conservation practices by farmers
creates an important source of information to assist with the diffusion of the technology, the longer
a farmer operates a farm, the more they are in contact with an increasing number of adopters,
potentially reducing their uncertainty about the benefits and costs of using a particular practice.
There are other external factors that overtime ease the adoption of some practices. For example,
the development and improvement of technologies and equipment that facilitate the
implementation of a practice. In the case of no-till, it has been suggested that the introduction of
herbicides made it possible to speed adoption rates (Doraszelski, 2004).

The parameter estimates for each model are reported in accelerated failure-time metric and
represent the effect of an explanatory variable on the conditional probability of adoption at time
period t. While the magnitude of the coefficients cannot be readily interpreted, the sign of the
parameters can be interpreted as speeding or slowing adoption. A negative coefficient indicates
that the effect of a particular variable is to accelerate adoption. On the other hand, a positive
coefficient would indicate a factor that would delay adoption. A highly significant factor in the
adoption of all conservation practice models was a farmer’s age. Younger farmers were found to
adopt the three practices faster than older farmers. A potential implication of this result is that, as
farmers start operating their farms at a younger age, efforts should be directed towards encouraging
those farmers to adopt environmentally sound conservation practices, because as they grow older,

they are less likely to adopt.



Farmers who adopt practices only when there is a corresponding increase in profit were
found to lag behind those farmers for whom profitability of the practice is not the main driver for
adoption. This result was found statistically significant for both continuous no-till and cover crops.
This result may indicate that some farmers do not always perceive these practices as being
profitable. In addition, farmers for whom profit maximization was more important than
stewardship were found to adopt VRA of inputs at a higher speed. This result could indicate that
adoption of VRA of input is driven by profit motives and not environmental motives.

A surprising result was that farmers who adopted VRA of inputs adopted continuous no-
till and cover crops at a slower pace than farmers who had not adopted this practice. Similarly, the
adoption of cover crops was found to slow the adoption of VRA of inputs. It has been previously
suggested that while farmers may consider the adoption of various conservation practices, when it
comes time to adopt additional practices, the higher cost of conservation intensification may make
farmers less likely to adopt more practices (Ma et al., 2012). In addition, Cattaneo (2003) found
that conservation contracts with a larger bundle of conservation practices in the EQIP program
were more likely to be withdrawn. It is possible that farmers see some of these practices as
substitutes. They may obtain some benefits from a particular practice, and as a result, the likelihood
of adopting an additional practice that provides the same or similar benefits may decrease.

Risk aversion was found to delay the adoption of cover crops and VRA of inputs. It has
been previously suggested that risk averse farmers may find it optimal to delay adoption to avoid
the cost of learning. Risk aversion was not found to significantly affect the speed of adoption of
continuous no-till. As expected, farmers who considered themselves innovators were found to

adopt the three conservation practices at a faster rate than their counterparts.



The speed of adoption of cover crops and VRA of inputs in the western region of Kansas
was found to be slower than in the eastern part of the state. Differences in the time of adoption
across regions could indicate differences in climatic and soil conditions, as well as the profitability
of the practices. In cases such as with the adoption of VRA of inputs, this could be related to the
availability of custom options for precision services. A slower rate in the adoption of cover crops
in the western region of Kansas could be the result of dryer weather. During the workshops, some
farmers expressed concern about the use of water by cover crops and the availability of water for
subsequent cash crops.

The speed at which conservation practices are adopted are subject to various factors as the
results of this study suggest. While some factors cannot be controlled, information and knowledge
generation are important sources of change. For farmers who are not innovators, knowledge
acquisition is an important step and precedes their decision to adopt (Jabbar et al., 2003). It has
been suggested that the slow rate of adoption for some practices could be related to slow rates of
information acquisition (Fischer et al., 1996). Hence, extension plays an important role, not only
in the levels of adoption, but also in the time of adoption. For practices with a potential to provide
large environmental benefits to society, a critical role for extension services then may be to help
accelerate the rate of adoption of these practices (Marsh et al., 2000). In addition, since farmers
may delay the adoption of conservation practices until they find it optimal, an important element
to conservation efforts could be helping farmers to adapt practices to the conditions of their
farming operation. Education efforts could focus on providing farmers with tools to successfully
adapt conservation practices in a way that the perceived risks can be mitigated and synergies in

the cropping system can be explored.



Conclusions

This study examined the factors affecting the timing of adoption of continuous no-till, cover crops,
and variable rate application of (VRA) of inputs for Kansas farmers using a duration analysis to
account for the dynamics of adoption and changing factors that affect farmer’s likelihood of
adoption. Some of the factors examined are profitability factors, farmers’ demographics, farm and
farm management characteristics, attitudinal factors, and geography.

Findings in this study suggest that the adoption of certain practices delay the adoption of
other conservation practices. For example, the adoption of conservation crop rotation and VRA of
inputs were found to delay the adoption of continuous no-till, and the adoption of cover crops
delayed the adoption of VRA of inputs. In addition, the findings in this study suggest that risk
aversion is not a significant factor delaying the speed of adoption of continuous no-till. However,
risk aversion was found to delay the adoption of cover crops and VRA of inputs. In addition, the
results in this study suggest that farmers who considered themselves innovators adopt the three
conservation practices at a faster rate than their counterparts. Given that profitability factors and
risk aversion seem to be important factors delaying the adoption of cover crops and VRA of inputs,
information about the benefits obtained by these practices and how they may mitigate soil
degradation and/or may increase profits may be an important message to deliver by extension

educators.

Limitations and future research
Given the cross section nature of the data used in this study, the timing of adoption was modeled
under the assumption that some of at factors measured at the time of the survey were the same at

the time of adoption, which can be a strong assumption for some of the factors evaluated. For



example, the size of the operation may have significantly changed since the date farmers started
operating their farms to the date they adopted the conservation practice and finally to the date the
survey data was collected. A natural extension to this study is to include time-varying covariates
to evaluate how changing factors affect the point in time at which farmers decide to adopt new
conservation practices. Obtaining such data, however, can be difficult if the researcher does not
have access to historical data at the farm level. If the data is collected from farmers it can be

unreliable if based on recall (Burton et al., 2003).
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Table 1. Descriptive statistics of Dependent and Explanatory Variables

Continuous Cover VRA of
no-till Crops inputs Definition
Adoption time 24.172 30.908 17.556 Dependent variable. Time measured in years
(14.687) (14.676) (5.942) that it took for farmers to adopt.
Profitability 0.616 0.618 0.620 The farmer would adopt the practice only if it
(0.488) (0.487)  (0.487) increases net returns (1= yes, 0 = no-
Age 47.355 53.787 54.185 Farmer's age in years.
(14.469) (13.726)  (13.826)
College 0.517 0.517 0.517 Farm operator has a college degree (1=yes,
(0.501) (0.501) (0.501) 0=no).
Crop Acreage 2,538 2,565 2576  Total crops acres (including crops, grazing).
(2,044) (2,046) (2,047)
Farm Income 74.260 73.753 74.106 Percentage of household income derived from
(29.706) (30.096)  (29.924) the farming operation.
Crops 73.463 73.362 74.595 Percentage of farm income from crop
(26.981) (26.851)  (26.411) Production.
CNT 0.551 0576 Farmers was using continuous no-till before
(0.499) (0.495) adopting this practice (1=yes, 0=no).
CCRot 0.438 0.556 0.585 Farmers was using crop rotation before adopting
(0.497) (0.498)  (0.494) this practice (1=yes, 0=no).
Ccrops 0.079 0.254 Farmers was using cover crops before adopting
(0.270) (0.436) this practice (1=yes, 0=no).
VRA 0.084 0.198 Farmers was using VRA of inputs before
(0.278) (0.400) adopting this practice (1=yes, 0=no).
Risk Aversion 0.734 0.734 0.727 Risk taking behavior in farm management
(0.443) (0.443) (0.447) decisions (1=risk averse, 0=otherwise).
Stewardship 0.478 0.483 0.488 Maximizing farm profit is more important than
(0.501) (0.501) (0.501) environmental stewardship to the farm's
operator (1=yes, 0=no).
Innovator 0532 0517 0522 Farm operator usually adopts new technology
(0.500) (0.501) (0.501) before neighbors (1=yes, 0=no)
Western 0.192 0.208 0.210 If the farm is located in Western Kansas (1=yes,
(0.395) (0.407) (0.408) 0=no)
Central 0.404 0.411 0.405 If the farm is located in Central Kansas (1=yes,
(0.492) (0.493) (0.492) 0=no)
No. Obs. 203 207 205

Standard deviation in parenthesis.



Table 2. Model estimates for the timing of adoption of continuous no-till, cover crops and VRA
of inputs

Continuous no-till Cover Crops VRA of inputs

Coefficient Std. Dev. Coefficient  Std. Dev. Coefficient  Std. Dev.
Intercept 0.233 (0.263) 1.016++  (0.312) 2.189+=  (0.468)
Profitability 0.133~= (0.080) 0.27+  (0.098) 0.02 (0.146)
Age 0.064 = (0.004) 0.053*=  (0.004) 0.042+==  (0.006)
College -0.155=  (0.079) -0.101 (0.097) 0.023 (0.155)
Crop Acreage 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
Farm Income 0.001 (0.001) -0.004 = (0.002) -0.002 (0.002)
Crops -0.001 (0.001) 0.001 (0.002) -0.009 »= (0.004)
CNT --- --- -0.142 (0.105) -0.111 (0.147)
CCRot 0.135 (0.085) -0.109 (0.097) 0.076 (0.147)
Ccrops -0.235 (0.183) --- --- 0.418 % (0.186)
VRA 0.633+= (0.231) 0.3=  (0.110) ---
Risk Aversion 0.066 (0.084) 0.215 (0.089) 0.416+  (0.143)
Stewardship 0.009 (0.082) -0.036 (0.089) -0.297 == (0.148)
Innovator -0.207+  (0.081) -0.313=  (0.100) -0.441 %  (0.163)
Western 0.099 (0.112) 0.601+=  (0.187) 1.005+  (0.371)
Central 0.083 (0.089) 0.126 (0.100) 0.071 (0.142)
p 2.206+= (0.254) 2.925+  (0.299) 2.453+  (0.191)

---------------------------------- Fit Statistics --

No.
observations 203 207 205
Log likelihood -134.49 -92.57 -91.92
AIC 300.983 217.141 215.834

* *x *%x statistically significant at the 1%, 5% and 10% level.



Figure 1. Kaplan Meier survival estimates
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