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Abstract

This article uses cross-sectional data to analyze whether coffee producers in the municipality of Santa Maria Yucuhiti, Oaxaca —whose farmland is
characterized by heterogeneous biophysical and socioeconomic conditions— have greater possibilities of accessing credit and improved production
management practices in an organic production context. Better access allows them to raise their prices, increase their production, and reduce the
presence of diseases by belonging to an organization affiliated with a consolidated organization. The results indicate that producers belonging to these
organizations have increased their production capabilities, as well as their income. However, it was also found that there are various socioeconomic and
biophysical conditions that may well prevent such possibilities from materializing.
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1. INTRODUCTION

Coffee produced in Mexico mostly comes from small producers—with varying socioeconomic and biophysical characteristics—who tend to own less
than two hectares of land and operate under marginalizing conditions. Furthermore, they face high production costs, volatile coffee prices, substantial
difficulties accessing the market, little bargaining power, a lack of training and a lack of financing (Bernard and Spielman, 2009; Robles Berlanga, 2011).
Under these conditions, the attainable benefits of coffee bean production are limited; such conditions also limit the adoption of production practices that
improve productivity and quality and prevent diseases and pests (Barham et al., 2011; Beuchelt and Zeller, 2011; Barham and Weber, 2012; Bravo-
Monroy et al., 2016). These circumstances have been a determining factor in the reduction of coffee production and cultivation in Mexico, as compared
to the 1980s (CEDRSSA, 2018).

The present article seeks to determine whether more consolidated coffee organizations actually increase producers' benefits, regardless of their
socioeconomic conditions and the biophysical characteristics of their agricultural land. To do this, the case of the Santa Maria Yucuhiti municipality, one
of the most important coffee production regions of the state of Oaxaca, Mexico, was studied.

In this case, possible benefits include increased access to credit and improved management practices, as well as entering an organic market context
that allows producers to obtain higher prices, thereby increasing their production and reducing the presence of diseases. This study focuses specifically

on the presence of rustl as a way to capture the vulnerability of coffee plantations to disease, given that in 2017—the year in which data was collected
—the amount of rust recorded in the area of study was quite severe.

The hypothesis presented here is based on neo-institutional theory, which establishes that individuals socialize and organize in order to undertake
shared actions and function as collective actors in the market. This is done with the aim of obtaining goods and services at a lower cost by exploiting
economies of scale, managing with incomplete markets or internalizing other market failures (Téllez-Iregui and Cubillos-Gonzalez, 2009; Narvaez-
Rodriguez, 2014; Caldentey, 2003). All of the above is translated to the case of the coffee sector, under the assumption that consolidated coffee
organizations can effectively offer more benefits to their affiliates because they have the scale and organizational structure to reduce transaction costs,
improve their bargaining position vis-a-vis buyers, and exploit economies of scale (Bray et al., 2002; Bernard and Spielman, 2009; Wossen et al., 2017;
Ma and Abdulai, 2016; Milford, 2012; Abebaw and Haile, 2013). In the event that such an organization does not grant more benefits to certain types of
producers, they can abandon it and join another which does.

Various studies indicate that small producers in general, and coffee growers in particular, have found in rural producer organizations an alternative to
high production costs, volatility of coffee prices, substantial difficulties in accessing the market, poor bargaining power, and a lack of training and
financing (Bray et al., 2002; Bernard and Spielman, 2009; lto et al., 2012; Bravo-Monroy et al., 2016; Ma and Abdulai, 2016; Verhofstadt and Maertens,
2016). Such organizations offer various financial, commercial and productive strategies, such as obtaining a certification in organic or fair-trade
production (Perfecto et al., 1996; Bray et al., 2002; Barham and Weber, 2012; Haggar et al., 2017; Wossen et al., 2017).

There is also evidence that these strategies improve prices and net income in particular (Valkila and Nygren, 2009; Barham et al., 2011; Beuchelt and
Zeller, 2011; Barham and Weber, 2012; Ito et al., 2012; May Abdulai, 2016; Haggar et al., 2017), and that through them producers have more access to
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credit (Bernard and Spielman, 2009; Donovan and Poole, 2014; Wossen et al., 2017), in addition to improving certain social conditions (Barham et al.,
2011; Donovan and Poole, 2014; Bravo-Monroy et al., 2016; Ibafiez and Blackman, 2016; Wossen et al., 2017).

However, other studies imply that there are no benefits to belonging to an organization (Attwood and Baviskar, 1988) and that certified organizations do
not improve the conditions of most producers or certain groups of producers (Beuchelt and Zeller, 2011; Lyngbeek et al., 2001).

To test the hypothesis, coffee producers were first grouped according to their biophysical characteristics and production management strategies, and in
terms of access to credit and the income they receive from the sale of coffee beans.

Producers were grouped using a latent model that statistically identifies the optimal number of groups which can be obtained from a sample (Lo et al.,
2001). After applying this model, it became evident that there are three groups of producers, each with different features. One group is distinguished by
having the highest production, procuring the highest prices, registering the most access to credit and having the lowest proportion of rust cases.
Meanwhile, the second group is defined by having the lowest production and lowest prices, the least access to credit and the highest proportion of rust
cases. Finally, the third group registers average levels for these variables.

Next, the relationships between different variables (both socioeconomic and biophysical) that characterize the producers and the groups obtained from
the latent model were examined using a multinomial logistic regression. One of these variables is membership in a consolidated coffee organization.
This allowed for an exploration of how certain variables—in particular, belonging to a consolidated organization—influence the possibility of becoming
part of the group with higher production, higher prices, better access to credit and less presence of rust.

This study uses representative data from 2017 for producers belonging to various coffee organizations as well as unaffiliated producers in the
municipality of Santa Maria Yucuhiti, Oaxaca. In particular, consolidated organizations were considered those belonging to the State Coffee Producer
Coordinator of the State of Oaxaca civil association (SCPCO) because, as explained in the following section, this is the state's largest coffee producer
organization and one of its most experienced.

The area of study is a coffee production region with multiple community organizations that have organic certifications, and which is characterized by

producing high quality coffee (e.g., in recent years various producers in the region have won the Cup of Excellence)? . Yet it is also distinguished by
high levels of social marginalization and limited options for the development of other agricultural activities.

The results of this study indicate that the strategies followed by SCPCO increase the possibility that all of the producer groups in consideration increase
their production, average prices, access to credit and probability of not presenting rust. However, the benefits producers receive are inequitable, due
partly to pre-existing conditions.

The details and points discussed in this article as a whole have not been explored in the existing literature. In particular, the presence of rust in coffee
plantations, the heterogeneous biophysical conditions of the farmland, the adoption of production practices and results of their implementation in the
municipality of Santa Maria Yucuhiti have not been considered.

The article is divided into five sections. The following section provides a brief description of environmental and socioeconomic characteristics of the area
of study, and the third section presents the methods used for data collection and analysis. In the fourth section, the results of latent models and the
multinomial logistic regression are provided. The last section presents a discussion of the results and conclusions.

2. AREA OF STUDY
The area of study is located in the municipality of Santa Maria Yucuhiti, part of the Sierra Madre del Sur (see map 1); this region has temperate wet

(79.11%) and temperate sub-humid (20.89%) climates. The municipality is comprised of 68.53% forest and 3.43% induced grassland; 98% of the soil is
not suitable for agriculture, only 0.06% is used for year-round manual agriculture and 2.06% is used for seasonal manual agriculture (INEGI, 2010).

Map 1. Chosen locations in the Santa Maria Yucuhiti municipality, Oaxaca
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Source: prepared by the authors.

In Yucuhiti, most coffee producers are organized through cooperative organizations and marketing networks that make up farmer enterprises. These
organizations differ from each other in terms of their administrative complexity. Additionally, all of them have organic certifications issued by the Ministry
of Agriculture and Rural Development (MARD); several have other international certifications, such as that of the United States Department of
Agriculture or the European Union’s Commissioner for Agriculture.

SCPCO is the largest coffee commercialization organization in the state of Oaxaca and specializes in providing technical assistance, marketing services
and low-cost credit to its members; it covers all areas of the state dedicated to coffee bean production. It has been recognized for its experience in
integrating the production chain and for influencing public policies in the coffee sector. Its marketing strategies promote fair trade and it is one of the
pioneers in access to specialized markets and certification seals (Calo and Wise, 2005).§ The organization exerts an important influence in the region of
study through the Tee Ne Nuu and Café Yucuhiti organizations (see table 3).

3. METHODS

To determine whether producers belonging to SCPCO affiliated organizations have better production management, producers were divided into
homogeneous groups using a latent model (Muthén, 2002) according to their observed behavior regarding established production practices, prices
obtained, production development and the presence of rust. The latent model was calculated using MPLUS version 7 software.

Using a multinomial logistic regression and STATA version 15 software, the question of whether belonging to a more consolidated organization is
associated with more productive groups and better management was examined.

Defining grouping variables

Since most of the producers under study belong to organizations certified as organic, and independent producers assure that they cultivate their coffee
according to those same criteria, the study focused on the producers’ observed behavior in relation to organic practices.

To group the producers, certain variables were established—shown in table 1—based on organic practices at the producer level from the Rainforest
Alliance and Bird Friendly certifications (based on Philpott et al. (2007)), as well as the Sustainable and Biodiverse Productive Systems project [Spanish
acronym SPSB] (SPSB, 2017)4 Interviews were also conducted with Rainforest Alliance personnel in Mexico, the Mexican Certifier of Ecological
Products and Processes (CERTIMEX) and the SPSB to help establish these variables.

The selected practices are divided into variables of environmental effects, production management, environmental management and income and
access to credit. The first of these groups is made up of variables that measure the effects of implementing organic production practices (e.g., Beer et
al., 1998; Philpott et al., 2007; Haggar et al., 2017; Meylan et al., 2017).8 High values for these variables negatively affect productivity, though in the
case of variables related to the soil, high values also contribute to productivity.

The second group is divided into variables which show whether the producer implements production management practices and fosters increased
production—if they follow a management plan (Beer, 1987; Beer et al., 1998; Meylan et al., 2017; Barham and Weber, 2012). The third is comprised of
variables which measure the adoption of management practices that favor biodiversity conservation, but do not necessarily increase productivity (Beer,



1987; Beer et al., 1998; Perfecto et al., 1996). Finally, the last group reflects efforts made by producers to achieve greater production, access to credit
and higher prices; these are clearly related to the above selected variables.

Table 1. Variobles used to constitute producer groups

Variables Description of variables

Environmental effect variobles (measure the effects of implementing management practices)

Tree diversity per hectare™ The number of free spacies and their relafive abundance, mensured with the Shannon index.

Soil index This index measures the quality of the soil in the coffee plot. Higher values are prefered.

Number of trees per hectare® An estimation of the number of trees in one hectare of the coffee plat. The Rainforest Allianca indicates that more

than 70 trees are required per hectore.
Presence of rust in coffes plontafions  Indicotes the presence of rust reported by producers in 2017.
Dichatomous variable (1 if there is st and 0 if nat).

Shade Percentoge EThis is the percetage of shode in the coffee plot that the folioge of the trees reached. According to the certifications
referred fo cbove, more than 40% is required.

Tree heterogeneity per hectare® The number of tree species per hectore. The Rainforest Alliance indicates that more than 12 tree species are required.

Production management variobles (measure the implementation of management practices that improve productivity)

Pruning of coffee plantations Indicates whether pruning is dona on the coffee plontations on a raqular bask.
Dichotomous variable (1 if they prune, 0 if they do nof).

Tiea pruning Indicates whether tree pruning is parformed reqularly.

Dichotomous variahle (1 if they prune, O if they do not).

Notural pesticides Indicates whether natural pesticides are used on o regular bosi.

Dichatomous variahle (1 if pesticides are usad, O if they are nat).

Use of copper axychloride Use of copper axychloride on a regular basis.

Dichotomous veriable (1 if itis used, O if it is not).

Organic fertilizers Indicates whether organic fertilizers ore applied regularly.

Dichotomous variahle (1 if they are applied, 0 they re not).

Practices to avoid soil erosion The usa of different management practices to aveid soil erosion during the year of the study.
Dichatomous variahle (1 if they are used, O if they ore not).

Coffes plantation renewal Percantoge of coffes plontotions renewed af the fime of the year of study.

Environmental manag ement variables (measure the implementation of practices that improve environmental conditions)

Management of apiphytes An epiphyte management plan.

Dichotomous variahle (1 if they have one, 0 if they do not).

Use of deod tress The presence of dead trees on the coffee plontation during production management.
Dichotomous voriable (1 if there are, O if there are nof).

Use of centennial trees The presence of centennial trees during production management.

Dichotomous variable (1 if there are, O if there are nat).

Income and access fo cradit variobles

Aecess to credit If the producer used credit the year before the study.
Dichatomous variable (1 if they hod credit, O if they did nat).

Coffee price Tha coffes price per kil reported in 2017 (in parchment).
Coffes production The coffee production in kilos reported in 2017.

Notes: * For these variables the results obtained from the samples are scaled to one hectore; ** Copper oxychloride is separated from the others,
since: occording 1o the resulis of inferviews with colfee growers and leaders, it is suitable for preventing rust.

SU urce: PI'EFCII'E(I b]( H’IB CIIJTl'IﬂI’S.
Defining variables that influence grouping types
Table 2 presents variables that are assumed to be associated with the four proposed groups. They are divided into biophysical and productive

characteristics of the coffee plantations and sociodemographic characteristics of household members. Additionally, membership in a consolidated
organization and receipt of support from government programs are included. These variables follow those used in other articles examining the role of



certifications and producer organizations in producer productivity and net income (Lyngbeek et al., 2001; Barham and Weber, 2012; Donovan and
Poole, 2014; Haggar et al., 2017; Wossen et al., 2017).

In particular, the federal programs PROCAFE, Coffee Production Boost and PROAGRO that were operated by MARD in the period of 2012-2018 are
included. The former two programs aimed to support coffee producers through various public mechanisms—such as subsidies—to improve productivity.

Meanwhile, the third program assigned subsidies to agricultural activities, to increase producers’ productivity.

Table 2. Variables that influence production performance

Variables

Description of variables

Biophysical charocteristics

Alfitude of coffee plot
Shpe of main coffee plot

Alitude in meters of the main coffes plot.
Average slope in sexogesimal degrees of the main coffes plot.

External ravenue

PROCAFE and (offes Production Boast *

Dichotomous vorible

Producers who are beneficiaries of PROCAFE and Coffee Production Boost.

(1t o howsehold member is o beneficiary ond 0 if no one is o beneficiary).

Productive chancteristics

Hectares designated for coffes production
Household members

Number of productive activities of
household members

Cultivated coffae varietias

Number of hectares designated for coffee production per producer.
Number of household members per producer (over 15 years old).
Number of productive activities corried out by household members.

Number of coffee varieties grown on the main coffee plot.

Sociodemagrophic chameteristics

Distonce to o poved mad
Heod of housshold's education
Hend of household's age
Hend of household's gender
Dichotomous variable

SCPCO membership

Dichotomous variable

Meosured distance from the main plot to a poved rood.

Number of years of schooling ottended by the heod of household.

How old the head of household is.

This varihle indicates the gender of the head of the productive household.
(1 i they are male, 0 if they are female).

This variable indicates whether o producer belongs to SCRCD.

(1 if the heod of household belongs o SCRCO, O if they do not).

Notes: Standard emor in parentheses. *For these voriables, the SEDAR and CONAFOR beneficiary regisiries were compared
with responses obiained from producers to corroborate the information. ** For this variable, the list of SEDAR beneficiaries was
compared with responses obtained from the producers o coraborate the information.

Source: prepared by the authors.

As established in the hypothesis, membership in SCPCO affiliated organizations is expected to be associated with the groups that have more
production management—characterized by higher production, higher prices, more access to credit and less presence of rust. This is because SCPCO
has the scale and organizational structure to reduce transaction costs, improve their bargaining position vis-a-vis buyers and exploit economies of scale
(Bray et al., 2002; Bernard and Spielman, 2009; Wossen et al., 2017; Ma and Abdulai, 2016; Milford, 2012; Abebaw and Haile, 2013).

Data collection

The data used here comes from the National Commission for the Knowledge and Use of Biodiversity (NCKUB). A representative and random sample of
coffee growers was obtained from a list of producers belonging to different organizations present in the area of study, which included independent
producers. This list was prepared in conjunction with local authorities, and a total of 144 producers belonging to five organizations and from the
following localities were surveyed: Guadalupe Buenavista, Reyes Llano Grande, Guadalupe Miramar and San José Zaragoza (see table 3 and map 1).



Table 3. Coffee producer organizations

Orgonization Producers ~ Percentnge  Type of organization according ~ Organizations belonging
io kegal form o SCPCO
Mixteca Afto 35 i) First level (cooperative society) Mot in SCPCO
Café Yucuhiti 34 2 First level (toapertive saciety) SCRCO
Tee Me Nuy 29 20 First level (cooperntive society) SCRCO
Sierra Mixteca 12 B First level (cooperative society) Mot in SCPCO
Yeni Navan 4 3 First level (limited hability rural Not in SCRCO
production company)
Independent 30 n - -
Total producers 144 100 - -

Source: PlEFﬂI’Ed I)Y ﬂ'lﬂ uu'rhurs.

A questionnaire with socioeconomic and production-related questions was applied to each of the producers selected. In addition, measurements were
made of each producer’s main coffee plot to obtain various biophysical indicators. Data collection was carried out in 2016 and 2017. Parallel to this
process, interviews were carried out with leaders in coffee cultivation in order to have a better understanding of the production landscape in the region
of study.

In particular, to quantify the characteristics of the vegetation in each plot, a sampling polygon of 20 x20 m was established in which each tree with a
Diameter at Breast Height (DBH) greater than or equal to 10 cm was identified. Some variables were scaled to one hectare, as shown in table 1.

The above was performed with the support of identification guides which had been previously developed with the support of local producers and
NCKUB experts. Height, DBH, and number of epiphytes were measured for each tree. Additionally, the slope and altitude of each plot were recorded.

Shade coverage was measured using a spherical concave densiometer at five points for each plot, and leaf litter depth was measured using a
graduated metal ruler. A soil sample was taken in the center of the polygon, extracting a 20 x20x 30 cm deep block, and determining its structure,
porosity, level of erosion, color, odor, organic matter present, dead matter and biological activity to generate a soil quality index, based on Tovar et al.
(2013). Higher values are associated with better soil quality.

Table 3 demonstrates the number of producers sampled and the organizations with which they are affiliated, as well as what type of organization they
are, according to their legal status. The Café Yucuhiti and Tee Ne Nuu organizations are first level (cooperative societies) and belong to SCPCO, which
is a second level organization (an organization made up of cooperatives).

4, RESULTS

Identified groups

Table 4 shows the results of statistical tests carried out to select the optimal number of groups. According to the sample, we examined whether two or
three groups would better represent its heterogeneity.



Table 4. Stafistical tests for latent models

Statistical tests Mode! with two grovps ~ Model with three groups
Akaike Information Criterion (AIC) 9492462 9370.079
Bayesian Information Criterion (BIC) 9614.224 9542.328
Sample-size odjusted Information Criterion (ABIC) 9484489 9358.801
Entropy 0.812 0.898
Pearson Chirsquare™ 369.857 360.027
(PValue 0.0) {PValue 0.0)
Likelihood-ratio Chi-square™ 304.639 300.871
(P¥alue 0.002) (P-Value 0.001)
Boostrap likeliood ratio (BLR)," 218.836 156.383
*Difference betwesn groups (Palue 0.0) (Palue 0.0)
Vuong-Lo-MendelFRubin (VLMR)," 218.836 152.963
*Difference between groups (PYalue 0.24) (PYalve 0.063)
Lo-Mendel-Rubin Adjuted (LMRR), * 214051 152.963
*Difference betwesn groups {PValue 0.25) (PVolue 0.063)

Notes: ® For the fwo-group model, these stofistical fests (OMpare a one-group model uguinst o twergroup model. For the
Threegroup maodel, these stafistical tests o mpare o two-group model against a H1ree-gruup model; * Pvalues in puremheses.

Source: prepared by the authors.

For the BLR test, a model with two groups is rejected, but a model with three groups is not rejected. This same conclusion is reached for the VLMR and
LMRA tests (see table 4). For the AIC, BIC and ABIC information criteria, the three-group model is preferred to the two-group model because it has
lower values (Nylund et al., 2007). The Entropy Index also favors the model with three groups, since values closer to 1 indicate better accuracy in

classifying the model.

For the Pearson and Likelihood Ratio tests, the p-value indicates that they are significant for both models, so the two cases should be rejected. Based
on this information, there are elements to support selecting either model; however, the model with three groups was selected for this study, since
according to Nylund et al. (2007) the information criteria and BLR are the most important tests for the selection of a model. Furthermore, following
Collins and Lanza (2009), the three-group model provides more information about the coffee producers’ characteristics.

Table 5 shows the results of division into three groups with respect to the selected variables (see table 1). It is important to highlight that the variables
which reflect the adoption of practices to avoid soil erosion and management of epiphytes were not included because all of the producers indicated that

they use such practices.



Table 5. Characteristics of the selected groups®

Group

Variables Groop | Group 7 3
(number of producers: 28)  (number of produeers: 75)  (number of producers: 41)

Environmental effect varighles

Tres diversity per hectore 0.506 *** 1.324 ##* 1.879**+*
(0.094) 10.054) (0.083)
Soil index 0.744+wx 0.708 *** 0.684 *+*
(0.023) (0.015) (0.020)
Number of frees per hectare 123,916+ 220,908+ 379.580%*
(20.168) (14.906) (27.807)
Presence of st (dichotomous varioble) D464 *e* 0.823 *+* 0.843 ¥+
{0.101) (0.051) (0.059)
Shuda percentage 56.055%* 70.485 74,795 ¥+~
(3.048) (1.543) (1.475)
Tre heterogeneity per heciare 5015 * 112.25%+ 195.5 *+*
(0.193) 10.249) (0.438)

Production monagement varinbles

Pruning of coffes plantations AT hr D.A14%%* 0.455%+*
{0.097) (0.051) {0.083)
Pruning of trees B30 0.377+* 0.407**
{0.101) (0.060) (0.082)
Naturol pesticides 0.698++* 0.547%** 0.520%**
{0.010) (0.069) {0.097)
Use of copper oxychloride 0.594 % 0420+ 0.407+**
{0.111) (0.070) {0.095)
Omanic fertilizers 0.77 3+ A2 e 0.403%**
(0.079) (0.064) {0.095)
Coffee plantation renewal 4477w 387974 44 144wex
(7.694) (4.766) (5.223)

Envionmental monagement variables

Use of dend trees 0.247++ Q480+ 0356+
(0.083) (0.062) (0.077)
Use of centennial irees DA71 0.757+** 0.839*+*
(0.092) (0.054) (0.067)

Income and access to credit varibles

Credit 0,608 05594+ 0372+
(0.095) (0.065) (0.084)

Cofles piie 56,875 *+* 54,81 *+* 52,538 +*
(3.2441) (2.423) (1.825)

_ 161.434 4+ 120,052 §3.035

Coffee production per hectore (35.972) (17.005) (11.815)

Notes: °These results indicate the mean of each voriable; * Significonce level of 0.10; **Significance level of 0.05; ***Significance level of
0.01; Stondard error in parentheses.
Source: prepared by the authors.

With regard to the set of environmental effect variables, important differences are recorded between the groups identified; for example, group 1 has a
lower shade index and number of trees. Furthermore, the diversity and heterogeneity of trees is the lowest for this group. In contrast, group 3 has the
highest values for these variables.

Producers in group 1 have a higher soil index as compared to the other groups, and producers that belong in group 3 have the lowest. The results also
show that producers in the second and third groups have more than 80% rust; on the other hand, producers in group 1 have 46% of rust cases.

Another important observation is the gap that exists between the groups in terms of prices, production and credit. Group 1 is distinguished by achieving
higher prices, production and credit as compared to the other groups. By contrast, producers in group 3 have the lowest values for these variables. In
particular, the difference in production between the third group and the other groups is more than 90%. It is important to highlight that these results are



influenced by the worst rust crisis that this has region suffered (during the period of 2015-2017, the year in which data was collected) according to
coffee producers and leaders who were interviewed (all obtained extraordinarily low results compared to other years).

The results obtained for shade, heterogeneity, and number of trees in groups 2 and 3 indicate that they are characterized by a rustic management style
with low production levels (Lyngbaek et al., 2001; Haggar et al., 2017; Meylan et al., 2017).

The proportional access to credit that the groups have is another aspect to highlight. For example, producers in group 3 have a rate of 37% access,
which is higher than the rate of 2.5% seen at the national level (Robles Berlanga, 2011). This can be explained by the fact that a substantial number of
producers receive credit not only from their organizations, but also from intermediaries.

Regarding management practices, it can be observed that less than 50% prune their coffee plantations on a regular basis. Group 1 producers have the
highest compliance rate, but the difference between groups is very small. Regular tree pruning is complied with by just over 50% of producers in the first
group, while producers in the other groups are less than 41% compliant. This then becomes one of the factors that explains the difference in degrees of
shade between the identified groups.

The most important difference between producers in group 1 and the other groups is seen in the regular use of pesticides and fertilizers. This can also
help explain differences in the presence of rust and production between the groups in question.

Finally, group 1 producers have the highest average for renewal of their coffee plantations, while those with the lowest average are in group 2. This
indicates that all of the producers have changed a significant proportion of their coffee plantations—either due to rust or to increase their productivity—
because their coffee plantations were already older than recommended.

Influence of selected variables on groups identified

Table 6 shows the results of a multinomial logistic regression that examines the relationship between the identified groups and the chosen or covariate
variables (see table 2), using group 3 as a base.



Table 6. Results of multinomial logistic regression

Dependent variable: groups identified

Base group 3 Variables Group 1 coefficients ~ Group 2 coefficients
Biophysical Altitude of the main coffee plot 0040%+* 0025+
characteristics (.0014) 1.0012)
Slope of the main coffee plot R R - 0531+
(.0288) (.0248)
External revenue Coffes promotion (dichotomous variable) - 1438 57
(.9783) .7548)
PROAGRD (dichotomous varinble) .033 4838
(.B8655) (.6523)
Produciive Hactores designated for caffes production L6700*** 5574
characteristics (.257) 1201
Number of productive activities done by 1.037%* 1402
housshold members (.380) 1.2872)
Coffes varieties per hectare 4648 * -2208
(.265) (.1736)
Socindemographic Distance fo o poved rond -1.128 -57
characteristics (1.55) (1.174)
Head of household education (years of -4215 -0387
sthaoling) (.3490) 1.253)
Head of household age (years) -0507* -10505%*
(.0288) (.0200)
Head of household oge (years) squared -000387 -0000312
(.000213) (.0007482)
Head of the household gender (dichofomous REH 3944
varioble) (.1415) 1.5411)
Members of the household -2126 -213
(.2476) (.1858)
SCPCO membership 1.4308** 966"
(.665) 1.560)
Constant -1.432 .30
13.642) (2.373)

Notes: Wald chisquared (24) = 40.87 (Probability> chi-squared=0.0172); Standard error in parentheses; *Significance
level of 0.10; ** Significance level of 0.05; *** Significonce level of 0.01; The possibility of mulficollinearity is token into
account in this regression; Group 3 is token os the basis for the estimations.

Source: prepared by the authors.

Since the Coffee promotion and PROAGRO variables could be endogenous—due to their probable correlation with the ability to obtain resources—
Hausman (1978) tests were used to detect endogeneity. The results found that none of them are endogenous.

The results in table 6 show that the altitude of the main coffee plot and the number of hectares designated for coffee production are statistically
significant and increase the possibility of belonging to groups 1 and 2, compared to group 3. Additionally, the number of productive activities done by
members households increase the possibility of belonging to group 1 rather than group 3. On the other hand, the land slope and head of household’s
age reduce the possibility of belonging to groups 1 and 2, compared to group 3. The varieties of coffee bean per hectare also decrease the possibility of
belonging to group 1 rather than group 3. It is important to note that the relationship between the number of coffee varieties and least productive
producer group contrasts with the findings of Benitez-Garcia et al. (2015), in that they report that the most productive producers have more varieties
and less productive ones have less.

In particular, the altitude, slope, and head of household’s age have very little effect (see table 6), though it should be considered that there may be
important differences between producers in terms of altitude.

Results indicate that the relative probability of belonging to group 1 or 2 instead of group 3 for producers belonging to SCPCO is more than double than
that of producers not belonging to SCPCO (keeping the other variables constant). All other variables are not significantly associated with any group,
which is a surprising factor in terms of government support for producers.



5. DISCUSSION AND CONCLUSIONS

The results obtained indicate that the heterogeneity which characterizes producers can be synthesized into three groups that share similar
characteristics. The first group is distinguished by having higher production levels, more access to credit and a low level of tree diversity, heterogeneity
and number compared to the other groups. The producers in the other groups have characteristics which oppose those favoring conservation, as
indicated by Perfecto et al. (1996). Compliance with management practices is consistent with these characteristics. That is, the first group is more
compliant in terms of production management whereas the other groups are more compliant with respect to environmental management.

All three groups had rust present, although the least productive groups with the most precarious management practices were most affected. This
coincides with the argument of Avelino et al. (2015) regarding factors that led to the expansion of rust in Central America: lack of management, adverse
economic conditions (e.g., low prices and high prices for inputs) and conducive environmental factors. In the present case, these factors are mostly
identified with the least productive of the selected groups.

Meanwhile, the prices obtained by coffee growers in the least productive groups tend to be lower than those in the most productive group. Furthermore,
the results indicate that producers who have organic certifications are in the most productive group (although there are some in the second and third
groups). This is consistent with Calo and Wise (2005), who note that producers receive different prices if they have an organic certification.

Although the price difference is minimal, it is significant and indicates a positive relationship between management, production, quality and price—as
indicated by Taugourdeau et al. (2014). The minimal price difference may be due, following Valkila and Nygren (2009), Weber (2011) and De Janvry et
al. (2011), to the fact that a significant proportion of producers sell their beans to various buyers at different prices; this may be a consequence of the
limited demand for certain types of certified coffee. Another probable cause is the presence of rust, which reduced the coffee supply in the region of
study and Mexico overall.

The results obtained also indicate that SCPCO’s strategies increase the possibilities of all producers increasing their production, average prices, access
to credit and the probability of not having rust. However, this does not mean that they necessarily improve their production management. It was also
found that there are different conditions that influence the possibility of belonging to the most productive (or least productive) producer group. Examples
of this include altitude and slope of the coffee plantation, in addition to the head of household’s age and the number of hectares dedicated to coffee
production. The former three factors are pre-existing (the producer has no control over them) and the latter is determined by the total area that the

producers have available (which also means that it is partially pre-existing).§ Less productive producers are more likely to have pre-existing conditions
that prevent them from improving their production management, production, access to credit, and prices. Consequently, even if organizations provide
goods and services to improve the least productive producers’ potential, the possibilities of achieving this are slim. The opposite is true for the most
productive producers.

This finding coincides with other studies that point out the fundamental role that pre-existing conditions play in favoring or harming producers (Barham
and Weber, 2012; Abebaw and Haile, 2013; Donovan and Poole, 2014; Ma and Abdulai, 2016; Verhofstadt and Maertens, 2016; Haggar et al., 2017;
Wossen et al., 2017). For example, age, housing capacity, gender, distance between the plot and markets, productive land area and education are
important factors that influence the benefits organizations provide. Institutional arrangements and land tenure also influence the strategies that
producers adopt (Méndez et al., 2009).

On the other hand, public mechanisms of strengthening coffee production are not associated with better production management. This result coincides
with Robles Berlanga (2011), who explains that state intervention—especially in coffee-growing municipalities—is minimal and does not generate
positive effects. Furthermore, support meant to improve agricultural production does not impact coffee cultivation.

The prevailing conditions of the coffee sector (e.g., the aftermath of the rust epidemic) and decreasing coffee prices have further reduced the benefits of
coffee bean production, and therefore, have increased the opportunity cost of investing in small producers’ production management. These conditions
also affect the ability of organizations to provide goods and services to their members. In addition to the factors mentioned above, it is expected that
climate change will contribute to conditions which favor diseases and pests, requiring producers to improve their production management.

The consequences of these conditions may be quite negative for producers’ well-being and the conservation of biodiversity, since they could replace
coffee production with activities that involve changes in land use, such as agricultural activities (indicated most of the coffee leaders interviewed in the
region). This sort of situation was previously experienced in the 1999-2004 period when coffee prices saw historical lows (Castro et al., 2004).

In this context, it is important to find public and private mechanisms that encourage the adoption of practices which improve productivity and quality—as
well as prevent diseases and pests—by small producers who grow coffee under shade. This is particularly critical for the most disadvantaged
producers, in biophysical and socioeconomic terms.

This will require changing the way governmental organizations and support programs work to promote economies of scale; also, it means avoiding the
implementation of generalized production standards which assume biophysical and socioeconomic conditions that are not appropriate to local
characteristics, as some certifications are known to do (Gonzalez and Nigh, 2005; Barham and Weber, 2012).
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1 This is a disease caused by the Hemileia vastatrix fungus. Infection by this fungus causes leaves to fall prematurely and damages coffee production by up to 90%.
2 Event organized by Alliance for Coffee Excellence and the Mexican Association of the Coffee Production Chain, that seeks to identify the best coffee in Mexico.
3 This was also corroborated by interviews with SCPCO leaders.

4 This was a project executed by the National Commission for the Knowledge and Use of Biodiversity (NCKUB) from 2013 to 2018, with the support of the Global Environment
Facility.

8 various technical specialists in the region of study were also consulted.

6 According to the results, there is a positive and significant correlation between the total agricultural land and the area designated for coffee production. That is, more area is
allocated when producers have more total agricultural land.



