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ANALYSIS AND DIAGNOSIS OF THE PRODUCTIVE SPECIALIZATION OF THE 
MUNICIPALITY OF CALPAN, PUEBLA, MEXICO: A CASE STUDY 

 

 

 

Abstract 

The objective of the study was to analyze and diagnose the productive specialization of 

the municipality of Calpan, for which the Location Coefficient (LC), proposed by Boisier 

(1980), was calculated. The unit of analysis was the Economically Active Population 

(EAP) occupied by sector of the economy. Twelve semi-structured interviews with key 

informants in the municipality were also conducted. A questionnaire was applied to a 

representative sample of 110 producers involved in planting seasonal maize. The results 

indicate that there is a productive specialization according to the EAP in Mexico 

promoted towards the secondary and tertiary sectors of the economy. The municipality 

of Calpan specializes in the agricultural sector. It should be noted that the agricultural 

specialization in maize represents the support food of the families, which is the reason 

for the persistence in its cultivation. It is also important to highlight the coexistence of 

agricultural systems such as the family orchard and the management of maize and 

livestock. The relationship between the two is important to improve nutrition.  

Key words: productive specialization, Economically Active Population, Location 

Coefficient, maize. 

 

 

 

INTRODUCTION 

Since 1980, the agricultural sector in Mexico has been in crisis [1] due to the 

implementation of neoliberal economic policies focused on competitiveness [2] through 

productive specialization as the main factor of economic growth [3]. Specialization 

stimulates economic growth by increasing labor productivity and obtaining increasing 

returns from areas and goods that offer the best technology or sales in international 

markets [4]. However, productive specialization linked to economic growth generated 

economic instability in less industrialized countries with the agricultural production model 
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based on comparative advantages, by prioritizing profitable crops for the market, 

generating the need to buy staple foods, such as corn in Mexico [5]. 

Food dependence on basic grains in Mexico has a long history [6], and this situation 

undermines national security by solving shortages through imports [7]. 

In view of this situation, various multilateral organizations at the global and regional 

levels are urging countries to strengthen their native (traditional) agriculture, which is 

basic for feeding their people, to avoid possible food shortages, social and political 

destabilization [8]. 

In Mexico’s case, it is necessary to reflect on the agricultural specialization model 

promoted as a policy through the green revolution and industrialization for small 

producers [9], which, according to Gerbeau and Avallone [10], has favored the 

deterioration of natural resources. 

The previous situation generates the possibility of directing efforts towards a new 

development model based on agricultural specialization derived from traditional 

knowledge that has proven capable of increasing the production of basic grains [11], 

through agroecological practices with the concomitant conservation of natural resources 

[12, 13] and consequently increasing the production of basic grains that favors food 

security and family autonomy [14]. 

Therefore, the objective of this work was to analyze and diagnose the productive 

specialization of the municipality of Calpan, Puebla, Mexico. 

 

MATERIALS AND METHODS 

Study area 

Calpan is located between parallels 19° 03' and 19° 09' of NL and meridians 98° 23' and 

98° 35' of WL between 2 200 and 3 200 m altitude and a surface area of 67 km2 (INEGI, 

2015), (Figure 1). The research is framed as a case study [15], quantitative and 

qualitative research techniques were combined. 
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Figure 1. Geographic Location of Calpan, Puebla-Mexico 

 

Relief and Soil 

It is located in the Neovolcanic Axis, and the dominant relief is volcanic Sierra (97%) and 

alluvial plain with hill (3%). The dominant soils are Arenosol (86%) and Andosol (1%). 

The main activity is seasonal agriculture (71%), forest (16%) and urban area (13%) [16]. 

There are intermittent and permanent streams coming from the foothills of Iztaccihuatl 

[17]. 

 

Research techniques  

The quantitative techniques in the research were based on the review of secondary 

sources and the application of an in-depth survey to seasonal corn producing families. 

The information obtained was complemented with qualitative methods such as on-site 

observation of reality, and semi-structured interviews were conducted with key 

informants in the municipality. 

 

In situ observation of reality 

The work began with field trips, in an action to take in the reality in its real and existing 

dimension, i.e. at a scale of 1:1 [18]. The aim was to appropriate the reality [19] in order 

to obtain first-hand information on the socio-productive processes in the municipality 

[20]. 

Calculation of the Specialization Coefficient 

To identify the agricultural productive vocation and demonstrate the territories with 

specialization in seasonal agriculture, the location coefficient (LC) proposed by Boisier 

[20] was calculated. This coefficient allows the identification of spatial concentration or 

dispersion patterns of a sectoral activity, i.e., it compares the percentage participation of 

a region in a particular sector with the percentage participation of the same region. The 
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unit of analysis was the Economically Active Population (EAP) employed by sector of 

the economy.  

The calculation of LC is obtained with the following mathematical expression: 

    
   

     
   

  
     
   

          
   

 
   

 

 

LC = location coefficient, Vij = total economically active population of sector i in the state 

or municipality j., i = 1, 2,..., (primary, secondary or tertiary sector of the economy), j = 

1,2,..., (States of the Mexican Republic), n = number of sectors of the economy, m = 

number of municipalities and states. 

 

 

 

 

 

 

  

LC = location coefficient, Vij = total economically active population of sector i in the state 

or municipality j., i = 1, 2,..., (primary, secondary or tertiary sector of the economy), j = 

1,2,..., (States of the Mexican Republic), n = number of sectors of the economy, m = 

number of municipalities and states. 

 

The values will be compared with the following values and ranges:  

 

 (a) if LC= 1, it means that the relative importance of the economic sector i in state j is 

identical to that of this sector in the country or in the Municipality depending on the case 

of analysis. 

b) if LC < 1, it indicates that in the state j, the relative importance of sector i is lower than 

in the municipality. If this or the previous case were to occur, there would be no 

productive specialization in that sector of the state in sector i;  

n 

∑ Vij = total de población económicamente activa en el Municipio 
i=1 
m 

∑ Vij = total de población económicamente activa del sector i en el Estado. 
 
j=1 
n 

∑ Vij    
i=1 

m 

∑ Vij = total de población económicamente activa en el estado. 
j=1 
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c) if LC > 1, it indicates that sector i is more important in the state j than at the municipal 

level. Therefore, it can be concluded that LC > 1 shows that the state j is specialized in 

economic sector i. 

 

Questionnaire design and application  

The questionnaire included 130 questions related to economic activities as well as 

agricultural production techniques and practices, income, demographic, social and 

cultural aspects. 

 

Sample calculation  

The simple random sampling formula was used to determine the sample size [21]. 

 

                                               n=                                                  

 

Where:  

n= Sample size. 547 benefited families from “PROAGRO Productivo” in the municipality 

of Calpan, d=.14 (Precision), Z /2= 1.95 (Reliability 95%), Sn
2= .25 

 

Simple random sampling was applied with proportional distribution of the municipal 

sample according to the number of producers in the communities (334 San Andrés 

Calpan, 146 San Lucas Atzala, 62 San Mateo Ozolco and 5 Pueblo Nuevo). The 

sampling frame was the beneficiaries of “PROAGRO Productivo1” and the selection of 

the sampling units was done randomly one by one and without replacement. The 

sample size was 110 families with the following distribution: San Andrés Calpan 42, San 

Lucas Atzala 36, San Mateo Ozolco 27 and Pueblo Nuevo 5. 

 

Semi-structured interviews 

                                                 
 
 

Z2
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Twelve semi-structured interviews were conducted with key informants (municipal 

president, ejidal commissioner, agricultural producers) and included guiding questions 

on economic, social, cultural and agricultural production aspects. 

 

Producer typology 

To demonstrate the agricultural specialization in corn, the families interviewed were 

classified into F1 and F2, according to economic activity. The F1s, in addition to planting 

corn, carry out other economic activities in the primary sector; and the F2s, in addition to 

planting corn, carry out other activities in the secondary and tertiary sectors of the 

economy. This typology compared the families and allowed us to know the particularities 

of the productive specialization, as well as to show the advantages of having an 

agricultural specialization in corn in the municipality. 

 

RESULTS AND DISCUSSION 

Reviews of secondary sources allowed us to identify the economically active population 

and agricultural production data. 

In agricultural production, the area planted with corn, represents 67% of the total 

species and contributes 46% of the total production value (Table 1). 

Corn is followed by gladiolus, beans, spinach, cauliflower, peas, green chili and onions, 

which together account for 40% of the total. Even though corn has been the most sown 

crop, it has presented important variations over time, such as the 16% decrease in 2015 

[17]. This reflects the low profitability of agricultural activity. 

The transformation of the crop structure does not imply the complete change and 

replacement of the old structure oriented to maize production; rather, crops are 

interwoven and changes in agricultural activities over time reflect the importance of 

marginal populations, such as Calpan, to improve household food security due to 

recurrent environmental challenges and the political and logistical capacity of 

governments [22]. 

 

Table 1. Agricultural production, planted area, yield and value of production in the 

municipality of Calpan, 2015. 
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Agricultural production Surface 

Sembrada 

Production Value 

Producción 
(Ha) (Ton) (thousands of ($) 

Corn (Zea mays L) 2,258.60 4,916.81 24,711.38 
Bean (Phaseolus vulgaris L) 368.20 341.25 2,771.99 
Mexican Hawthorn (Crataegus mexicana Moc. 

y Sessé ex DC) 

87.30 612.10 831.01 
Spinach (Spinacia oleracea L) 82.50 1,100.25 4,327.00 

Green bean (Vicia faba L) 74.70 717.72 1,457.93 
Pear (Pyrus communis L) 73.80 301.00 891.67 
Pea (Pisum sativum L) 63.70 381.15 2,606.72 

Fodder Oats (Avena sativa L) 62.60 988.93 776.31 
Apple (Malus domestica Borkh.) 48.50 284.66 896.39 
Cilantro (Coriandrum sativum L) 42.00 414.00 850.66 

Barley (Hordeum vulgare L) 37.60 688.51 262.44 
Green Alfalfa (Medicago sativa L) 37.00 2,904.50 925.87 
Onion (Allium cepa L) 31.50 421.94 3,428.12 

Green Chile (Capsicum annuum L) 30.50 237.20 2,127.88 
Cauliflower (Brassica oleracea var. Botrytis L) 20.50 611.93 2,043.85 
Plum (Prunus domestica L) 19.20 128.99 601.96 

Cabbage (Brassica oleracea var. Capitata (L.)  15.50 356.50 684.48 
Gladiolus (Gladiolus sp L.) 9.10 7,492.00 2,622.20 
Peach (Prunus pérsica (L.) Stokes) 7.50 42.10 263.21 
Brussels sprouts (Brassica oleracea L.  var. 

gemmifera Zenk) 

5.50 112.75 296.53 
Vetch (Janamargo o Veza) (Vicia sativa L) 5.50 83.00 56.02 
Green Tomato (Physalis philadelphica Lam) 4.10 22.02 72.67 

Pumpkin (Cucurbita pepo L) 2.50 37.00 266.40 

TOTAL 3,398.10 
 

53,964.48 

Source: Prepared by the authors based on data available from SIAP, 2020. 

 

Productive specialization in agriculture, as in the case of corn in Calpan, generates 

conditions of food stability and allows improving crop practices, as well as increasing 

production, yield and quality [23]. Several studies cite that regional productive 

specialization is combined with crop diversification, but the planting of seasonal maize 

for self-subsistence is preserved, as in this case, in addition to the mobility of one or 

more family members to work in a non-agricultural work [24, 25]. 

In the case of livestock, cattle production is the highest in the municipality, followed by 

swine and poultry (Table 2). 

Table 2. Livestock production by species, price, production value and weight in the 

municipality of Calpan, 2015. 

Livestock Production Production Price Production Value  
(pesos per  

 

https://es.wikipedia.org/wiki/Moritz_Balthasar_Borkhausen
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(tons) Kilogram) (thousands of pesos) 

On foot: 
Bovine (Bovinae) 143 18.36 2,632 
Swine (Sus scrofa domestica) 88 23.66 2,080 
Ovine (Ovis aries) 26 25.40 673 

Goat (Capra aegagrus hircus) 6 20.00 112 
Chicken (Gallus domesticus) 46 21.87 995 
Turkey (Meleagris gallopavo) 6 41.26 257 

Canal: 
Bovine (Bovinae) 84 38.02 3,211 
Swine (Sus scrofa domestica) 68 36.37 2,475 

Ovine (Ovis aries) 14 50.00 715 

Goat (Capra aegagrus hircus) 3 42.97 127 
Chicken (Gallus domesticus) 38 27.38 1,040 

Turkey (Meleagris gallopavo) 5 60.18 284 

Source: Prepared by the authors based on data available from SIAP, 2020. 

 
The percentage of participation by species activity is distributed by 46% bovine, 27% 

swine, 9% ovine and 17% in poultry. The contribution of bovine livestock decreased 3% 

compared to 2016 and ovine, in the same period increased 2% [26]. 

Consequently, there are two scenarios, one that reflects the crisis of traditional 

productive activity and the other, which has given rise to the emergence of new rural 

actors [27] with the modification of the reproduction strategies of peasant domestic units 

(PDU), as indicated by Sacco [28] when referring to the diversification of activities of 

families that practice seasonal agriculture and combine various activities (agricultural 

and non-agricultural) within or outside their PDU. In this regard, Arrieta Bolaños [29] 

adds that pluriactivity can be a reaction strategy to a situation of risk, vulnerability or 

adaptation and, according to Cirilo [30], it tends to be followed by a social process of 

commoditization. Pluriactivity can be an effective survival strategy to improve the income 

of rural households [31], even when they have reduced their agricultural income and 

their dependence on agriculture is lower [14]; in addition, pluriactivity can cause the 

producer, by temporarily or permanently abandoning or neglecting planting, to reduce 

his specialization in crop management [32]. 

The growth of the tertiary and secondary sectors has caused people engaged in the 

primary sector to participate in these sectors to supplement their income [33]. 
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Agricultural specialization in the cultivation of corn in the municipality of Calpan. 

The general characteristics of the families in the localities of the study municipality are 

presented in Table 3. 

 
Table 3. Families, maize yield, hectares planted and size of the family orchard of 

families in the municipality of Calpan, Puebla-Mexico. 

Municipality 
Number 

of 
Families 

Average yield 
(Kg Ha-1) 

Planted 
Hectares 

Family orchard 
size (m2) (MTS) 

San Andrés Calpan 42 2488 3.05 420 

San Lucas Atzala 36 2406 2.20 355 

San Mateo Ozolco 27 2412 2.71 450 

Pueblo Nuevo 5 2440 2.40 354 

Promedio Municipal  2436 2.59  
Source: Own elaboration based on data from the 2020 survey. 

 

The average family is composed of 5.9 inhabitants, and the level of schooling is 4.7 

years. The average area dedicated to planting corn is 2.59 ha and they obtain an 

average yield of 2,441 kg ha-1. With these values, 434 kg of corn are available per 

person.The low yield of corn crops is associated with the origin of the dominant soils, 

sandy soils, which are characterized by a low capacity to retain water and store nutrients 

[22,16], however, they offer ease for rooting and harvesting root and tuber crops, or 

some timber species [22], but the permanent development of annual crops, such as 

corn, requires inputs that are generally not economically justifiable. 

In the municipality of Calpan, government support (Prospera, pro-agro-productive, etc.) 

is a constant for families. However, the availability of resources for small producers in 

the agricultural sector is minimal [34]. In addition, Lavinas [35] and Villagómez [36] point 

out that rural assistance programs do not work and do not fulfill their objectives. 

The peculiarities underpin the premise that specialization cannot be general, as it 

recognizes the particular characteristics of producers. 

When calculating the LC per area planted with corn with respect to the municipalities of 

the State of Puebla, Calpan showed a specialization of 1.07 in corn. Considering the 

land and its limiting factors, as well as the genetic potential of the crop, management is 

ultimately the determining factor in production. In this regard, Gudiño [37], points out that 
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certain territories suffer changes in their morphology due to the influence of the 

internationalization of the economy, and others are excluded or marginalized. In terms of 

municipalities specialized in the primary sector and in another sector, whether 

secondary or tertiary, 11% of the economy was represented. Agricultural activity was 

outstanding as an employer of the EAP in the municipalities. Calpan is specialized only 

in the primary sector of the economy (2.57 CL). 

The activities additional to maize cultivation in the primary sector (F1) and the families 

that carry out these activities in the secondary and/or tertiary sector (F2) are presented 

in Table 4. 

 

Table 4. Agricultural characteristics according to the typology of the families in the 

localities of the municipality of Calpan, Puebla-Mexico. 

Location  Families (F1) Families (F2) 

Calpan 

Families 27 15 

Corn yield (Kg/Ha) 
Monetary income in Mexican pesos ($)  

2679 2143 

25,801 42,376 

Corn planted hectares (Ha) 1.9 3.7 

Family orchard size (m2) 

orchard size (m2)  

510 256 

Vegetable frequency of plants 524 112 

Average heads of older livestock 114 17 

 Average heads of younger livestock 658 139 

San Lucas 
Atzala 

Families 24  12 

Corn yield (Kg/Ha) 
Monetary income in Mexican pesos ($)  

2554 2112 

28,600 34,675 

Corn planted hectares (Ha) 2 2.5 

Family orchard size (m2) 

orchard size (m2)  

353 320 

Vegetable frequency of plants 440 84 

Average heads of older livestock 124 20 

Average heads of younger livestock 220 196 

San Mateo 
Ozolco 

Families 19 8 

Corn yield (Kg/Ha) 
Monetary income in Mexican pesos ($)  

2542 2106 

28,573 38,693 

Corn planted hectares (Ha) 1.8 3.1 

Family orchard size (m2) 

orchard size (m2)  

494 347 

Vegetable frequency of plants 359 58 

Average heads of older livestock 64 10 

Average heads of younger livestock 534 104 

Pueblo 
Nuevo 

Families 3 2 

Corn yield (Kg/Ha) 
Monetary income in Mexican pesos ($)  

2600 2200 

30,533 36,000 
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Corn planted hectares (Ha) 1.7 3 

Family orchard size (m2) 

orchard size (m2)  

450 420 

Vegetable frequency of plants 39 15 

Average heads of older livestock 13 5 

Average heads of younger livestock 43 6 

 Total number of families 73 37 

 
Corn yield (Kg Ha-1) 
Monetary income in Mexican pesos ($) 

2593 2140 

28,376 37,936 

Promedio  Corn planted hectares (Ha) 1.85 3.07 

Municipal Family orchard size (m2) 

orchard size (m2)  

451 335 

 Vegetable frequency of plants 340 67.25 

 Average heads of older livestock 159 27.5 

 Average heads of younger livestock 238 87.5 

Source: Own elaboration based on data from the 2020 survey. 

 

In summary, the F1 families have more members, and in addition, the age of the 

producer is higher, they are primarily engaged in agricultural activities. In contrast to the 

F2 families, most of whom indicated that they are engaged in other activities unrelated 

to agriculture. 

F1 families obtain 17.4 % more corn yield compared to F2 families. This reflects the 

farmers' specialization in maize cultivation, even though the planting area of F1 farmers 

is 40% less. In this regard, Nadal and Wise [31], point out that family members who are 

engaged in other unrelated activities generate interruption of maize planting for 

prolonged periods and this action probably hinders the transmission of traditional 

knowledge, and consequently may reduce the ability in the proper management of 

maize cultivation. 

A producer specialized in the management of his crop is empowered to innovate, 

generate or adapt knowledge and technologies to increase the income of rural families 

[32]. 

The case studies will show that the perception of food security will be higher in the PDU, 

that only carry out agricultural activities and are specialized in the management of their 

agricultural resources. 

In this respect, there is also an average increase in the vegetable frequency of plants, 

and in the number of older and younger livestock units.  
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It is possible to affirm from the data found, that a productive specialization in the primary 

sector does not mean that there is a specialty in the management of resources related 

to agriculture, specifically in the management of corn and home orchards. 

 

Specific maize cultivation practices in Calpan 

Productive specialization in maize was evident for families engaged in agriculture-

related activities (F1 families) (Table 5). 

 

Table 5. Agricultural practices in the management of maize according to the typology of 

the families in the localities of the municipality of Calpan, Puebla-Mexico. 

Source: Own elaboration based on data from the 2020 survey. 

 

Some agricultural practices of Families 1, such as the use of native seeds, manure 

application, association of species in the crop as leguminous plants, crop rotation and 

soil conservation, induce interaction between soil microorganisms that promote nitrogen 

fixation, such as bacteria of the genus Rhizobium [38] or endomycorrhizal fungi present 

in the soil, that favor the transport of phosphorus, other nutrients and water to the host 

plant, whether corn or leguminous plants [39]. These practices increase yield per 

hectare by promoting agroecological interactions that improve the productivity of the 

scarce resources used for the agroecological management of maize [40]. 

Particularly in San Andrés Calpan, Pueblo Nuevo and San Lucas Atzala, corn growers 

associated the corn crop with fruit trees, such as pomegranate (Punica granatum L), 

 
Families 1 Families 2 

Native seed selection (%) 100 40 
Planting date (month) March-April April-May 

Use of manure (kg ha-1) 2.196 .834 

Crop association (%)  98 43 

Associated hectares (Ha) 100 57.5 

Association with leguminous plants (%) 92 25 

Crop rotation (%) 88 17 

Soil conservation (%) 79 47 

Plant density 70,125 56,353 

First cultivation work (%) 100 100 

Second cultivation work (%) 100 100 

Third cultivation work (%) 100 0 
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walnut (Juglans regia L), apple (Malus domestica Borkh.), bean (Phaseolus vulgaris L.), 

pumpkin (Cucúrbita máxima Duchesne) and fava bean (Vicia faba L). 

In the crop rotations and species associations (or polycultures) case, the presence of 

pests and diseases decreases, both in the root system and in the aerial part of the 

maize plant, and this is expressed in increased crop efficiency [41]. 

The application of manure to Calpan sandy soils favors the increase of organic matter, 

nutrients such as N and P [38], in addition to improving soil structure with the increase of 

organic matter, which consequently retains more usable moisture for the crop [42, 43]. 

Peasant knowledge in the management of resources applied in agricultural production 

arises from experience and practice, fundamental characteristics of the older population 

(59 years on average of heads of maize-producing households) in the study municipality 

[44, 45, 46]. 

The interviewees indicated that the preference to use native corn seed starts with the 

selection immediately after harvest (97%), and 98% of the producers do it based on the 

size of the corncob and that it does not show signs of disease, in addition to considering 

the corncob to be thin and in some cases (33%) the number of rows of grain. Flores [47] 

found in his research that the number of rows per corncob correlates with yield. The 

preference for the native seed is due to its flavor, which is appreciated in the preparation 

of tortillas. 

 

CONCLUSIONS 

The municipality of Calpan presents productive specialization in the primary sector 

(agriculture) and a tendency towards secondary and tertiary sectors. The specialization 

is not general as it recognizes activities of other sectors of the economy. The corn crop 

persists because it is the food sustenance of the families in coexistence with home 

orchards, association of corn with leguminous plants, bovine and ovine raising. 
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