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Abstract
This article analyzes the effect of adopting hybrid maize on productivity per hectare, using data obtained from 1,622 producers in Ecuador. Special
attention is given to examining whether there are differences between producers who adopted maize independently and those who did so through a
technological package –partially subsidized by the state– which, in addition to hybrid seed, included complementary technologies, training, and
technical assistance. The findings show that adopting hybrid seed had a positive impact on productivity per hectare, regardless of whether it was
adopted independently or as part of a technological package. However, producers who adopted the technological package clearly saw the greatest
increase in productivity.
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1. INTRODUCTION
In developing countries, the farming sector is largely characterized by the presence of small producers which use traditional techniques and seeds with
a lower yield (Lacki, 2011). This explains why the productivity index when comparing modern and traditional farming was 2000 times greater at the
beginning of the century (Carrillo, 2014). According to the literature, in developing countries low adoption rates are due to the fact that the new
technology not only depends on available resources, but also on other factors related to incomplete or erroneous information, risk, uncertainty,
institutional restrictions, human capital of those who adopt it, the availability of consumables and problems related with the quality of infrastructures
(Foster and Rosenzweig, 1996; Kohli and Singh, 1997).
Facing this situation, governments in their desire for correcting the low levels of farming productivity establish subsidies so that small producers can
acquire a variety of new of seeds (Todaro and Smith, 2012). In many cases, such subsidies are applied to technological packages which, in addition to
higher yield seeds, include other consumables (fertilizers, pesticides, rooting agents, etc.), as well as technical support on how to produce with these
new varieties. This is done with the goal of providing farmers with the complementary knowledge and assets needed so that the adoption of new seeds
effectively translates into increased productivity. In this regard, there is extensive literature which highlights that companies which acquire new
technologies, but do not invest in complementary technologies or do not carry out changes in their technical training or productive organization, have a
lower probability of generating competitive advantages compared to those who do (Ouadahi, 2008; Boothby et al., 2010). Nevertheless, in spite of the
fact that the technological packages exist, there are still producers who still use traditional seeds, as well as farmers who adopt new seeds without
turning to technological packages.
Within this context, this article has as its objective to analyze if the effect of adopting hybrid maize seeds on productivity per hectare differs between
farmers who adopted them independently and those who turned to technological packages. It should be expected that producers who turn to
technological packages, which in addition to new seeds include complementary supplies and technical training, make a more efficient use of the seeds
and as such have a greater productivity per hectare. As a result, this research not only presupposes a contribution at the moment of presenting
evidence on the effect of adopting hybrid maize on productivity per hectare in the case of Ecuador, but also to provide evidence on whether the effects
of adoption are dependent on the existence of complementary technology and knowledge provided by the technological packages.
This is why we delved into the data from the Ministry of Agriculture and Livestock (MAG)1 corresponding to 2015 and 2016 with a total of 1,622
producers of flint maize, found in the four primary maize producing Ecuadorian provinces: Los Ríos, Guayas, Manabí and Loja. Even though flint maize
is produced in practically the whole country, more than 90% of the land harvested is found in the aforementioned provinces (SIPA, 2020). The
Ecuadorian case turns out to be ideal for analyzing the effect of technological farming packages given that during the years 2015 and 2016 the
government subsidized a technological package for adopting hybrid maize seeds which, in addition to the seeds, included compound fertilizers
(nitrogen, phosphate, potassium), pesticides, phytosanitary and rooting products. At the same time, they offered technical support, training and followup during the six months which started with planting all the way until the harvesting phase. Said package was called seed kit (kit semilla).
In order to calculate the effect of adopting hybrid seeds on productivity per hectare, selection bias is controlled. This is due to the adoption of the hybrid
seed, be it independently or through the technical package, not being random but dependent on the farmers’ other characteristics which could also

influence productivity per hectare. We used the propensity score matching (PSM) method to compare the results, comparing the results of the nearest
neighbor and Kernel matching algorithms.
The rest of the article is organized in the following manner: the second section reviews the literature on technology adoption and its effects, at the same
time that it shows empirical evidence of the effects of adopting hybrid maize. The third section presents the data, variables and methodology employed,
while the fourth section discusses the implications of the empirical results. Finally, the fifth presents the conclusions.

2. REVIEWING THE LITERATURE
In general terms one can identify two schools of thought which take on the problem of technological adoption (Ruttan, 1996). On the one hand, the
orthodox school considers technological adoption to be characterized by a rational selection process by which the producer compares the benefits
derived from the adoption and the acquisition costs. It assumes that producers are always capable of selecting the technology which most behooves
them (Ruttan, 1996). On the other hand, the evolutionist school points out that technological adoption should not be considered as a rational selection
(Selis, 2000), given that the agents make the decision within an environment characterized by complete uncertainty. In this regard, evolutionist models
consider the process of technological adoption as influenced by other factors beyond economic ones. As such, in order to adopt a new technology,
among other factors, it is also necessary to have complementary technologies and knowledge necessary to operate it efficiently (Teece, 1986 and
1988). This makes it so that training and organizational change is critical for the adoption of new technologies to generate greater gains in productivity
(Bootchby et al., 2010). Specifically, this is the process of adopting new technology influences, not only economic factors, but also technological,
institutional and individual ones (Foster and Rosenzweig, 1996; Kohli and Singh, 1997).
The economic characteristics of producers influence the adoption of new technologies as those with greater resources, who have greater access to
credit and have more land will be more prone to adopting new technologies (Feder and Umali, 1993). While from the target technological factor
approach, the relative advantage of new technology in the economy stands out (Mwangi and Kariuki, 2015). There is evidence along these lines that
the perception and knowledge farmers have of the characteristics of a new type of rice positively influences its adoption (Adesina and Zinnah, 1993). In
other words, the farmers’ knowledge and experience positively influences the adoption of new technologies. As such, a more experienced producer or
one with greater education can have less uncertainty with regards to how new technology will perform and be more likely to adopt it without any
problems (Rogers, 1971). Other technological factors, such as the existence of complementary technologies, are also determinants in the adoption of
technology (Teece, 1986).
Institutional factors, for their part, also influence the adoption of new technology, given that social capital facilitates and propagates technological
information exchange (Mignouna et al., 2011). Another institutional factor that stood out is the presence of “agents of change” given that they are the
ones in charge of informing producers of the existence of new technologies and how to properly take advantage of them. The agents act as a liaison
between producers of new technology and their users. As such, greater contact with these agents accelerates the adoption process (Nazziwa-Nviiri et
al., 2017). Other institutional characteristics are the laws and regulations which influence the market, as well as transportation and communication
infrastructures (Mwangi and Kariuki, 2015; Nazziwa-Nviiri et al., 2017).
Studies on the adoption of farming technologies highlight that the farmer’s own characteristics greatly influence their propensity to adopt new
technologies. In this regard, there is evidence that the age of the producer negatively influences technological adoption, due to the fact that older
producers tend to be more risk-averse (Mauceri et al., 2007; Pan, 2014; Mason and Smale, 2013). The size of the household can also affect
technological adoption. On the one hand, larger households tend to have a greater available workforce, so they are more likely to adopt intensive labor
technologies (Tiamiyu et al., 2009; Mauceri et al., 2007) but on the other, as Saín and Martinez (1999) state, households with more members will use a
large part of their incomes to satisfy basic needs, and may have greater limitations at the time of acquiring new technologies.
As a consequence, adoption of farming technology is determined by a variety of factors, which also condition the benefits which the adopters can
generate when taking advantage of the technology. That is why the performance of a new technology depends on the adopting party having
complementary assets and knowledge (Boothby et al., 2010). Complementary assets are those which are needed to generate value from investing in a
new technology; that is to say that producers, in order to take advantage of the value of their investments in new technology need other investments,
knowledge and assets which complement its proper functioning (Teece, 1986 and 1988). Consequently, acquiring new technology does not guarantee
good performance, as some producers are not capable of adapting their production model to said technology. In this regard, there is ample empirical
literature demonstrating that companies which acquire new technologies and simultaneously invest in complementary assets and training and
implement organizational change in their productive model, tend to generate greater gains in productivity than those that do not (Grander, 2003; Bartel
et al., 2007; Boothby et al., 2010). The main idea of said works is that gains in productivity resulting from technological adoption depend on adopting
specific packages of new machinery and equipment, developing organizational change, as well as new skills (Boothby et al., 2010).
Even though the benefits of adopting new farming technology is subject to extant complementary assets and technology, or rather other factors related
to the behavior of agricultural prices, in general the empirical evidence demonstrates that adopters tend to fare better than those who do not adopt
(Besley and Case, 1993; Doss and Morris, 2001; Mendola, 2007; Becerril and Abdulai, 2010). Regarding the effects of adopting hybrid maize, there are
a variety of studies, which for the most part report that adoption had a positive impact on the well-being of farmers (Kutka, 2011; Olaniyan and Lucas,
2004; Lunduka et al., 2012; Khonje et al., 2015; Karim et al., 2010; Abate et al., 2016; Setimela et al., 2017; Bellon and Hellin, 2011). For example,
using propensity score matching, Khonje et al. (2015) demonstrated that those who adopted hybrid seeds had greater yields, consumption and food
security than those who did not. Becerril and Abdulai (2010) found that, in the Mexican states of Oaxaca and Chiapas, the adoption of hybrid maize had
a positive impact on the well-being of households. There is also evidence on the positive impact had by hybrid maize adoption on the benefits of

producers in Nigeria (Olaniyan and Lucas, 2004). Recently, Akhter et al. (2020), also through propensity score matching, presented evidence on the
positive impact of hybrid maize adoption on production, household income and poverty reduction in Pakistan.
Though there is extensive empirical literature on the effects of adoption, no study analyzes the effects in Ecuador. Furthermore, as was already
mentioned, we seek to analyze if the effect differs between farmers who adopted it independently, compared to those who turn to technological
packages partially subsidized by the State. The primary interest of the study resides in analyzing its impact on productivity per hectare as it is one of the
most used performance metrics in farming (Mason and Smale, 2013; Shively and Ricker-Gilbert, 2013; Tiamiyu et al., 2009). Nevertheless, hybrid
maize adoption could affect other measures of well-being for producers, independently of the effect on productivity per hectare. As such, the fact that
we only present evidence regarding the impact on productivity per hectare does not mean that one should not extrapolate said effect to other measures
of well-being for producers and their environment. In this regard, there is evidence that the use of improved seeds produces negative effects both for
the producer as well as the environment. From the point of view of the producers, one can see that they might be affected negatively by the substitution
of crops which are key for their personal nutrition (Shively and Ricker-Gilbert, 2013). From an environmental perspective, one can see that planting new
varieties of maize could have a negative impact stemming from the use of agrochemicals and fertilizers, unsustainable irrigation systems, the
introduction of genetically modified organisms, land erosion and deforestation (Nadal and Wise, 2019; Runge, 2002).

3. DATA, VARIABLES AND METHODOLOGY
The current investigation employs data provided by the General Organization for the National Information System (CGSIN)2 of Ecuador's MAG in
surveys carried out with 1,622 flint maize producers in the provinces of Los Ríos, Guayas, Manabí and Loja3 , corresponding to the winter and summer
planting for the years 2015 and 2016 (the data can be consulted at https://bit.ly/2wQgFR3). The database boasts information on economic factors
(production, size of farm, area sown, etc.); technological factors (the use of hybrid seeds, use of fertilizer, use of machinery, type of crop, type of
harvesting, the use of a technological kit, etc.); institutional factors (belonging to a farming association, possession of farming insurance, etc.) and
factors specific to the producer (age, number of generations which have dedicated themselves to growing maize, primary source of income, etc.).
Table 1 shows a series of descriptive statistics, at a provincial level, on the growing of flint maize. As can be seen, 98% of the land being dedicated to
flint maize farming is to be found in these four provinces; primarily in the provinces of Los Ríos (45%) and Manabí (25%). The average size of a
producer’s farm is quite small, ranging from 4.8 ha in Manabí to 6.7 ha in Los Ríos. Furthermore, hybrid maize was found to be widespread in the
provinces studied. The province with the lowest percentage of farmers using hybrid seed is Manabí (65%); while the province with the highest spread is
Los Ríos, where 76% of producers use it. Nevertheless, the spread of irrigation systems in these places is less. For example, in Los Ríos only 10% of
maize producers use an irrigation system, while Lojas has the highest registered number (27%). There are also some provincial differences in terms of
the percentage of producers who belong to a farming association, this ranges between 24% in Lojas to 43% in the case of Los Ríos.

The result variable (RV) which we expect to use to estimate the impact of hybrid seed is the productivity of the land expressed in terms per hectare and,
according to Castro (2016), is calculated according to the following formula:

Where:

PC:4 calculates the field weight or crop yield. It is a "raw" datum which is adjusted in accordance with humidity and impurities, in order to obtain
productivity (in tons per hectare).

fixed humidity percentage: 13
fixed impurity percentage: 1
ears of maize per hectare: using the length of the furrow and number of ears per ten meters.
average weight of ears: average weight of the ears acquired
percentage of humidity and impurities: data acquired from the sampling laboratory.
To evaluate the effect of hybrid seed adopted independently by farmers, the SEED treatment variable was created, which is dichotomous and has a
value of 1 for producers who adopted the hybrid seed but acquired it on their own and 0 for those who did not use a hybrid seed. Meanwhile there is the
treatment variable which operationalizes the adoption of the hybrid seed by way of the technological package, called KIT, which is also dichotomous
and has a value of 1 for producers who adopt the hybrid seed through the technological package seed kit and 0 for individuals who do not use hybrid
seed. Here it is important to clarify that flint maize producers who do not use the commercial hybrid seed use recycled seeds from other hybrids and
traditional seeds. Some farmers in their desire to reduce the cost of the commercial hybrid seed use seeds recycled from past crops or get it from their
neighbors. These seeds are considered to be 20% less productive, with around 40% germinating power and are much more susceptible to infestations
and diseases (Zambrano, 2016). While the traditional seed is used to a greater degree in the province of Manabí, the best known traditional materials
are called "Salprieta", "Criollo" and seeds from the breed "Tusilla" (Yánez, 2014).
In Table 2 we see the number of producers treated or not treated, for each treatment, as well as their average productivity per hectare. As one can see,
the majority of farmers use hybrid seeds (1436 to 163) and of those the majority acquired it on their own (981 to 455). Finally, one can see that on
average producers who use hybrid seeds are more productive per hectare and that those who adopt it by means of a technical technological package
are those who display a greater level of productivity per hectare.

Methodology
If

is one of the treatment variables defined previously (KIT or SEED) and

the RV; the average treatment effect on the treated (ATT)

can be calculated in the following manner:
(1)
Where Y1i is the productivity per hectare for producer i when he receives the treatment and Y0i is productivity per hectare for the same producer i if he
did not receive the treatment. In equation (1) one can see the methodological problem faced at the moment of estimating the impact of the hybrid seed,
as

is a result which cannot be observed in the database. As such, with the available information, the causal effect can only be estimated

for the difference in averages between the treated individuals and those who are not treated, which is formally expressed in the following manner:
(2)
Note that equation (2) would allow estimating the causal effect if the treatment assignation were random; given that in this case it would happen that
. This last part would allow one to confirm that T is independent of potential results, that is:

. Nevertheless,

given that the assignation of treatment is not random, rather it is the producers who decide to adopt the seed, it is possible that their own differentiating
characteristics, which influenced the adoption of the treatment, could also influence the RV. Therefore, with the aim of estimating the real causal effect,
this research used propensity score matching (PSM) (Rosenbaum and Rubin, 1985). PSM eliminates the selection bias by creating a counterfactual

one by means of pairing the treated individuals with those who are not treated based on the probability of receiving treatment (Rosenbaum and Rubin,
1985). That way the treated individuals are compared with those who were not treated but have the same probability of receiving treatment.
As such, the first methodological step starts with the estimation of each individual’s (treated or not treated) probability of receiving treatment based on a
series of observable characteristics, which is known as the propensity score. Once the appropriate propensity scores are estimated, in order to estimate
the effect of treatment, treated individuals are compared with those who are not treated but have a similar propensity score. Within the matching
strategies, a treated individual can be matched with a control individual with the closest propensity score or they can be matched with various
individuals in the control group. In this regard the nearest neighbor matching algorithm (NNM) consists of matching each treated individual with the
untreated one with the closest propensity score (Rodríguez, 2012; Caliendo and Kopeinig, 2005), in order to later calculate the differences of their
averages resulting from their variables (Beck and Ichino, 2002). For its part, Kernel Based Matching (KBM) calculates the counterfactual using the
weighted averages of the individuals in the control group and assigns greater weight to the observations which are closer in regards to their propensity
score. This method compares the result variables of the treated and untreated, assigning greater weight to the latter according to just how similar their
propensity scores are (Handouyahia et al., 2013). As such, this estimator provides some advantages in regards to a lower variance, as it uses more
information than others (Guerzoni and Raiteri, 2015; Caliendo and Kopeinig, 2005).
The validity of this method is based on fulfilling two assumptions which we will now describe.
Average conditional independence: the potential result is independent, conditioned on the probability of receiving treatment, which is described as such:

Where p(x) is the ability of receiving treatment, conditioned on a set of covariables x or propensity score.
Common support: each individual has the possibility of being treated or not being treated given the covariables, this is expressed in the following
manner:

Given the assumption of average conditional independence, in calculating propensity scores, it behooves us to include all covariables related with RV
and with the probability of receiving treatment (Rosenbaum and Rubin, 1985) (see Table 3).

In Table 4 we have the results of the estimations of the propensity score models for each of the treatments, which given their dichotomous nature are
estimated by logit models.

The results of Table 4 show that independently of the adoption method, producers who have a larger farm are younger, come from a longer line of
maize farmers and those whose primary source of income is maize were more likely to adopt hybrid maize. These results agree with that found in other
empirical studies on the determinants of adopting farming technologies (Uaiene et al., 2009; Foster and Rosenzweig, 2014; Mason and Smale; 2013;
Ali and Abdulai, 2010; Awotide et al., 2016).
On the other hand, the results indicated producers who belong to a farming association were more likely to adopt a new seed by means of a
technological package and that belonging to an association is not related with them adopting it on their own. In this regard, there is evidence that
indicates that belonging to an association facilitates the adoption of new farming technologies (Ali and Abdulai, 2010; Uaiene et al., 2009; Tiamiyu et al.,
2009), given that the association members interact with each other, allowing them to exchange technological information.
Finally, farmers with mechanized harvesting were more likely to acquire a seed independently; while this is not associated with the probability of
adoption by means of the seed kit.
Before it is possible to estimate the effect of each treatment it is necessary to verify whether they meet the two assumptions on which the method is
based. The assumption of conditional independence requires that after matching, treated and untreated individuals be equal in the covariables included
in calculating the propensity score and which were defined in Table 3. As such, Tables 5 and 6 show the results of the differences test for the
covariables’ averages between those treated and not treated before and after matching, in both NNM and KBM. Table 5 does so for the KIT treatment
while Table 6 does so for the SEED treatment.

The results of Table 5 indicate that prior to matching, the farmers who adopted seeds by means of the kit were different to those who did not in terms of
farm size, mechanized harvest, belonging to an association, age and number of generations dedicated to maize farming. Nevertheless, after matching,
the differences in averages are reduced, primarily with the KBM algorithm which only shows one significant difference; 90% when it comes to the
variable of belonging to an urban parish. As a result, this algorithm offers more trustworthy results. For its part, Table 6 also reveals significant
differences prior to matching; after matching, both algorithms take on a balance between covariables.
Finally, the assumption of common support requires the existence of units, both in the control group and among those who were treated, with the same
propensity scores. As such there should be an overlap in the propensity score distribution among both groups. Nevertheless, there will be cases of units
which do not have the same probability of receiving treatment. This implies that the estimation of the effect is carried out in the area of common support
(Rodríguez, 2012).
Figure 1 shows the density of the propensity values for each one of the treatments before and after KBM.5 As one can see, the differences are
corrected after the process. The figures show that lining up the propensity scores reduces the dissimilarities in distributions. The high degree of overlap
indicates the high quality of the matching procedure.

Figure 1. Overlap evaluation (KBM algorithm): a) KIT treatment and B) SEED treatment

Note: KBM=Kernel based matching.
Source: created by the authors.

Please note that meeting the assumption of common support causes the exclusion of individuals which do not have any overlap. When the proportion of
individuals who were excluded from the analysis is small one can expect few complications (Becerril and Abdulai, 2010). In the current study, not
meeting the requirement of common support created few losses in the observations: 2.6% for the KIT treatment and 2% for the SEED treatment (see
Table 7). As such, one can dismiss these losses of information when reading the results.

4. RESULTS

Table 8 shows the average effect of KIT and SEED treatments on productivity per hectare, both for KBM as well as NNM. As one can see, the
estimated ATT in both algorithms is quite similar, which strengthens the results.

The results of Table 8 indicate that both producers who acquired hybrid seeds by means of a seed kit, as well as those who did so independently,
present a greater productivity per hectare than producers who did not acquire the new seed variety, regardless of which matching algorithm is selected.
Furthermore, the results from the Kernel algorithm show that the ATT obtained for the KIT treatment and for the SEED treatment were 0.272 and 0.122
respectively; this indicates that producers who adopted the seed along with complementary technology and training from the seed kit got higher gains in
productivity per hectare than those who adopted it on their own.
In the first place, the results line up with the majority of empirical evidence which indicates positive effects on productivity for adopters of hybrid maize
seeds (Besley and Case, 1993; Doss and Morris, 2001; Mendola, 2007; Becerril and Abdulai, 2010; Kutka, 2011; Olaniyan and Lucas, 2004; Lunduka
et al., 2012; Khonje et al., 2015; Karim et al., 2010; Setimela et al., 2017; Bellon and Hellin, 2011; Akhter et al., 2020). Nevertheless, they suggest that
the seed’s performance is greater when accompanied by complementary technology and training. This is because producers who acquired the seeds
through technological packages have a greater productivity per hectare than those who acquired it independently. As such, these results line up with the
empirical literature which states that producers who adopt new technologies and at the same time acquire complementary assets and technical
production knowledge by means of training, tend to generate greater productivity gains than those who do not (Grander, 2003; Bartel et al., 2007;
Boothby et al., 2010).
The results show the importance of spreading hybrid maize in Ecuador. Without a doubt, the differences in yield per hectare of hybrid maize versus
traditional maize explain the spread of hybrid maize in the four provinces studied. Additionally, the results justify the suitability of complementing
subsidies for new seed varieties with complementary training and technologies so that producers can get greater yields from farming innovations.

5. CONCLUSIONS
The current study analyzes the impact of adopting hybrid maize on productivity per hectare for producers in the four flint maize producing provinces in
Ecuador for the years 2015 and 2016. Furthermore, we examine whether the impact of seed adoption differs between producers who acquired it
independently or those who adopted it by means of a technological package which, in addition to the seed included a series of complementary
technologies such as fertilizers, rooting agents, pesticides and training on the use of the seed. For estimating the effects of adopting the hybrid seed, be
it independently or by means of a technological package, we used the propensity score matching methodology by means of the nearest neighbor
matching and Kernel based matching algorithms.
The results indicate that the producers who adopt hybrid seeds, whether independently or by seed packages, demonstrate a greater productivity per
hectare than those who use traditional seed. On the other hand, we noted a greater effect from the seed when it was adopted by means of a
technological package. Based on these results, one can argue that the performance a farmer can get by using a new seed depends on whether they
have or can acquire the technologies, training, and skills that are required for the efficient use of the new seed. This lines up with the extensive literature
which points out that companies which adopt new technologies and at the same time acquire complementary techno-productive assets and knowledge,
see greater gains in productivity than those who do not (Grander, 2003; Bartel et al., 2007; Boothby et al., 2010).
The results acquired have clear implications for policy implementation for the spread of farming technologies in developing and emerging countries.
Policies which facilitate the acquisition of new farming technologies by means of subsidies and which offer complementary technology and training, can
influence producers not only to adopt new technologies but also to make efficient use of said technologies, thereby improving their productivity levels.
This implies the need for coordinating policies which provide incentives for adopting technologies with those who provide training, education and
technical support. As such, the increase in farming productivity requires governments to implement a wide range of measures which go from
incentivizing technological adoption, financing universities and research centers for agricultural innovation and providing various types of training. As
such, it is a pressing matter to strengthen the policies and institutions of these countries so that new technologies spread faster and producers attain
greater yields in these areas.

A final point is that at the time of evaluating the effects of adopting hybrid maize, it is relevant to analyze its impact on other measures of the farmer's
well-being. Analyzing the impact only in terms of productivity per hectare could hide how hybrid maize adoption could affect other aspects. As such, it is
important to extend the study to other result variables and then evaluate whether the adoption of new seeds also guarantees different impacts on other
aspects which are relevant to farmers.
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