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Abstract

The objective of this work was to analyze the production behavior and economic growth rates of
beans (Phaseolus vulgaris L.) and chickpea (Cicer arietinum L.). In Mexico, about 1.93 million
hectares are destined to the cultivation of five legumes, which corresponds to beans (91.7%),
chickpeas (6.4%), faba beans (1.4%), lentils (0.4%) and peas (0.1%). The production data were
obtained from the statistical yearbook of production (http://infosiap.siap.gob.mx/aagricola-siap-
gb/icultivol/, for the period 2013-2017). The area planted with beans, presented a positive annual
growth rate of 0.84%, with the state of Zacatecas and Durango participating with 59% of the total
ha nationwide, while Guanajuato has a 6% share, with Penjamo being the which has a total of
8% of the surface in the state. In chickpea, an annual average growth rate was obtained, with
negative values, for the planted area, -5.01%, being Sinaloa and Sonora those that represent 77%
of the total area sown nationally, Guanajuato contributes 6%, while that the municipalities of
Pénjamo and Valley of Santiago had the highest values. The price per ton and the value of the
production had positive values with respect to the average annual growth rates in the bean crop,
while in chickpeas the growth rates with positive values were the yield, the price per ton and the
production value.
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Introduction

Despite the fact that population growth rates have gradually decreased, it is expected that in the
coming years the world population will exceed 9 billion people, of whom almost 70% will inhabit
developing countries, including Mexico, which will generate an increased demand for food FAO
(2009). According to the projection of the FAO for the year 2050, these countries will contribute
80% of the increase of the agricultural production through the implementation of intensive
cultivation and with better yields. This represents a great challenge for agriculture in Mexico, since
despite the fact that almost a quarter of its population lives in rural areas and performs agricultural
activities, less than 10% of the rural economic units (UER, for its acronym in Spanish) account for
74% of the market sales.

In contrast, 73% of the UER are family-type where more than 90% or the total of their agricultural
production is for self-consumption (FAO, 2012). The main source of protein in human food is of
animal origin, whose production requires more resources than agriculture, so it has been proposed
to grow legumes as an alternative protein source to cover the demand for food (Acosta et al., 2013).
The legume family has an approximate of 19 400 species (Rios, 2017). The bean is the most
cultivated legume in the world, with more than 34.9 million hectares planted in 2017 (FAOSTAT,
2017), followed by the chickpea with 14.5 million hectares.

According to data from the Agri-Food and Fisheries Information Service (SIAP), in Mexico, the
center of origin of beans, during 2017, 1 843 million hectares were allocated to the cultivation of
five legumes, where beans contributed 91.1%, followed by chickpeas with 6 % and faba beans,
lentils and dry peas with less than 3%.

Besides corn, it is one of the most important crops in the agricultural sector of Mexico (Garcia et
al., 2006), which contributes 35% of the world production, being the main producing states
Zacatecas, Sinaloa, Durango, Chihuahua, Chiapas, Nayarit and Guanajuato. The consumption of
beans is governed by economic, cultural and natural factors; this is given by income of the families
and in function of the price of the grain, in addition to fulfilling alimentary and socioeconomic
functions (Ayala et al., 2008; Rodriguez-Licea et al., 2010).

The bean, is developed in climates of variable ecological conditions, giving rise to the selection
and development of cultivated genotypes, with different characteristics. In turn, it is susceptible to
diseases such as common mosaic virus, rust and pests, which limit its yield, which fluctuates
between 600 and 900 kg ha™. In nutritional aspects, this legume, is a supplement of cereals as a
source of vegetable protein with a contribution of 22%, minerals such as iron, calcium, potassium
and phosphorus, is rich in B vitamins and low sodium USDA, FAS (2013), in turn, is also a source
of economic income for the farmer (Rios, 2017).

The cultivation of chickpea (Cicer arietinum L.) occupies the 2" place in the world, for its high
nutritional value, use and preference. In Mexico, its production is destined to human consumption
and as grain of export, in smaller quantity its consumption is fresh, it is also produced for the
formulation of balanced feed in the pork industry in Guanajuato, Michoacan and Jalisco (Acosta et
al., 2013). Two types of cultivated chickpea, Kabuli and Desi, are identified, whose main
differences are focused on seed characteristics and plant development, due to adverse effects, both
biotic and abiotic (Garcia, 2015).
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The chickpea that is grown in Mexico, is characterized by the shape, color and size of grain,
which is large and produced by varieties developed in Mexico. This crop is sown in the autumn-
winter agricultural cycle, due to its low water requirements for its development and its economic
importance, which is a generator of foreign exchange, since it is reported that in a period of five
years more was obtained of 100 million dollars in the sale of the production in the international
market (Manjarrez et al., 2004). The chickpea has a high nutritional value, 100 g provide 360
calories, contain 20% protein, 6.5% fat, 130 mg of calcium, 8 mg of iron and vitamins (Garcia,
2015), is also a source of tryptophan and phenylalanine, amino acids that help in the level of
satisfaction and satiety, to combat overweight problems (Montenegro et al., 2011).

It is marketed fresh and its quality is associated with the number of grains per pod, size and turgor
of the pod, Palmer and Young (2000). The producing states nationwide are Sonora, Sinaloa, Baja
California, Michoacén and Guanajuato (SIAP, 2017). The chickpea has social importance by the
demand of labor, since most of the harvest is done manually. In the region of Ciénega de Chapala,
in Jalisco, Mexico, chickpea cultivation is widely known by producers, since traditionally it is sown
in residual moisture and develops without weed problems and on a smaller scale in irrigation
(Soltero et al., 2010).

Materials and methods

Bean production data for the spring-summer and chickpea cycle of the autumn-winter cycle
were obtained from the database of the statistical yearbook of production
(http://infosiap.siap.gob.mx/ aagricola-siap-gb/icultivo/), it includes the period of (2013-2017).
In the database, the states with the highest production at the national level were identified and
in the state of Guanajuato, the municipalities with the greatest impact on the production of both
crops were identified. The average annual growth rate was calculated, and the following
variables were analyzed: Area sown (ha) yield per hectare, production (t), rural average price
(PRM) and production value.

Results

In Figure 1, the trend of the planted area of beans nationwide between the 2013-2017 period,
during the spring summer cycle, shows an increase of 7.7% corresponding to 1 487 070 ha in
2014, however in the following years there was a gradual decrease to 5.18%, registering a total
of 1413 741 ha in 2016, for 2017, there was a slight increase of 0.40%, with an average annual
growth rate of 0.84%, due to the variation in the reduction of the area sown with beans.

During the period from 1980 to 2014. De Los Santos-Ramos et al. (2017) reported a negative
trend, with an average annual growth rate of -0.24%, because the planted area increased from 1
967 162 to 1 773 996 ha, with a decrease of 193 165 ha, this situation was due to gradual
deterioration of the prices paid to producers, generating the search for more profitable crop
alternatives; it is worth mentioning that this downward trend continued to occur in the years
from 2013 to 2017. In turn, Garcia et al. (2006) mentions that the decrease in the area planted
to beans is attributed to the fact that farmers stop working their land and seek options for
establishing more profitable crops, with the consequent deterioration of rural income due to the
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fall in prices paid to the producers; as well as the international migration mainly to the United
States of North America and the internal migration that occurs towards the big cities of Mexico
(Carrera, 2008) swelling the ranks of unemployment or belts of misery.
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Figure 1. Area planted with beans (millions of hectares), nationally, during the spring-summer
agricultural cycle, in the period 2013 to 2017 (SIAP- Statistical yearbook of agricultural
production).

Considering the area sown nationally, the state of Zacatecas ranks first with 42%, followed by
Durango with 17%, Chihuahua and San Luis Potosi with 8% respectively, Guanajuato 6%, Chiapas
5%, Puebla 4%, while the rest of the states contribute 10%.

As mentioned, Guanajuato contributes 6% of the national total, where the surface is distributed in
a similar manner in all municipalities, with San Felipe, Pénjamo, Salamanca and Irapuato, Abasolo
and Valley of Santiago participating with 9, 8, 5 and 4% respectively, while 65% includes the other
municipalities of the state (Figure 2).
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Figure 2. Percentage of distribution of planted area of beans, by municipalities of the state of
Guanajuato, during the spring-summer agricultural cycle, in the period from 2013 to 2017
(SIAP- Statistical yearbook of agricultural production).

In Figure 3, the ratio of production and yield per hectare is reported, with respect to bean
production, the highest values were recorded in 2013 with 1 041 235, later, it decreased by 15.4%,
up to reach a total of 880 951 t in 2017, thus having a negative growth rate of -3.79%.
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Figure 3. Production (thousands of tons) and yield per hectare of beans nationwide, during the spring-
summer agricultural cycle, in the period from 2013 to 2017 (SIAP- Statistical yearbook of
agricultural production).

This indicates that the decline in bean production during the years from 2013 to 2017, continues to
be maintained, and may be due to the fact that, in recent years, 70% of bean production is obtained
from areas of rain-fed (Ortega and Ochoa, 2003), generating serious effects on yield due to abiotic
factors such as drought, excessive rainfall, early frost and biotic due to the attack of pests and
diseases (Marquez et al., 2006).

On the other hand, De Los Santos-Ramos et al. (2017), they identified a great variation with an
annual average growth rate of 0.89% and an increase of 338 783 t, in 2014 the production was 1
273 957 t, in turn, in 1989 the lowest value was registered, with 593 436 t, while in 2002 it
amounted to 1 549 091 t, these increases were mainly due to the use of improved seeds in the
irrigation production system (FIRA, 2015).

In the yield per ha, the variation was lower, since the highest value was 700 kg ha™ in 2014,
while in 2015 the yield decreased to 570 kg ha™* which corresponds to 18.5%, there was a slight
recovery in subsequent years, and reached 640 kg ha*; however, it was lower than in 2013 with
680 kg hal, there was a negative annual average growth rate with a value of -1.21% for 2017.
De Los Santos-Ramos et al. (2017), indicate that bean yields went from 600 to 760 kg, with an
average annual growth rate of 0.68%, for 35 years that comprised the study period, with their
respective variants.

In 1988, the lowest yield was registered with 440 kg ha™ and the highest in 2009 with 860 kg ha™?,
this was attributed to the introduction of technological packages, encouraged by government
programs, such as the corn, rice and beans program (PROMAF), which provided economic
resources to producers, technical advisory services, training, technological innovation,
organizational development, as well as the induction towards sustainable agriculture and the use of
credit to capitalize and improve profitability.

Considering the production and yield of beans, there was a trend similar to the area planted, with

Zacatecas being the state that occupied the first place with 42%, followed by Durango with 16%,
Chihuahua with 11%, Guanajuato with 6%, Puebla 5%, San Luis Potosi and Chiapas 4%
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respectively and the rest of the states contributed 12%. The trend of price per ton (t) and value of
production is shown in Figure 4, with a positive trend during the period 2013-2017, due to the
increase in both variables.

The price per ton had an increase that goes from $8 735.00 pesos in 2013 to $12 651.00, which
represents 30.9% more and with an average annual growth rate of 7.688%, with respect to the
value of production in 2013, $9 096 081.00 pesos, while for 2017 they reached values of $11
145 577.00 representing an increase of 18.38%, with an average annual growth rate of 4.148%.
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Figure 4. Price (thousands of pesos per t) and value of production (millions of pesos) of beans
nationwide, during the spring-summer agricultural cycle, in the period from 2013 to 2017.
(SIAP- Statistical yearbook of agricultural production).

During the period from 1995 to 2014, there was an average annual growth rate of beans of 0.95%,
so the decrease in the income of the producers led to the decapitalization of the field, the increase
of poverty in rural areas, unemployment and migration (Dussel, 2004). During this period,
Mexican producers have suffered various problems that seriously affect the decrease in
profitability and competitiveness (SAGARPA-SIACON, 2006). On the other hand, in the states
with the largest production of beans, Zacatecas, Durango, Chihuahua, Guanajuato, Puebla, San
Luis Potosi and Chiapas, the average price per ton corresponds to 21%, while the rest covers the
other producing states.

It is important to mention that the value of bean production is centered in the states of Zacatecas
with 20%, Durango 15% and Chihuahua 12%, while Chiapas, Guanajuato and Puebla account
for 15% and San Luis Potosi with 4% and the rest, 35% corresponds to the other producer
states.

Guanajuato that participates with 5% of the value of production, Figure 5, the distribution of
prices is similar throughout the state, since Pénjamo contributes 9% of the total in the state,
followed by Irapuato and Salamanca 6% each and Abasolo, Valley of Santiago, San Felipe with
5% respectively, while the remaining 64% corresponds to the other municipalities in the
state.
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Figure 5. Percentage of distribution of the value of bean production in the state of Guanajuato, during
the spring-summer agricultural cycle, in the period from 2013 to 2017 (SIAP- Statistical
yearbook of agricultural production).

Others 64%

The chickpea (Cicer arietinum L.) is a crop of autumn-winter agricultural cycle, it is a legume that
requires low moisture content for its development and presents delicate problems when there are
rains out of season, causing an incidence of pathogens of the soil, such as Fusarium, resulting in
considerable crop losses; however, in good environmental conditions it can generate important
profits for producers.

In 2013, the area planted with chickpeas at the national level, Figure 6, was 123 196 ha; however,
there was a gradual decrease of 46% until reaching 2016 with a total of 65 943 ha, in 2017 there
was an increase of 30.7%, representing 95 259 ha, still below the highest value in the year 2013,
with a negative annual average growth rate of -5.01%. In 2015, according to data from the Agrifood
and Fisheries Information System (SIAP, 2015), an area of 81 262 ha was planted in Mexico, with
a production of 126 589 t and an average yield of 1.6 t ha.
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Figure 6. Area sown (thousands of hectares) of chickpeas nationally, during the autumn-winter
agricultural cycle, in the period from 2013 to 2017 (SIAP- Statistical yearbook of agricultural
production).
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Of the planted area of chickpea that is reported nationally, Sinaloa and Sonora are the states with
the largest participation, 56% and 21% respectively; while the rest is distributed in Michoacan with
9%, Guanajuato 6%, Baja California Sur with 6%, Jalisco 1% and the rest of the states with only
2%, therefore, the northwest region is the main producing area. The states of Sinaloa, Sonora and
Baja California Sur, occupied more than 60 000 ha of planted area and production was exported to
Spain, Algeria, Italy, Turkey and Portugal (Palau, 2014).

Chickpea production has had a considerable decline during the period from 2013 to 2017, Figure
7, since in 2013 209 031 t were reported, with a drop of 43.1%, which equals 118 808 t in 2016;
however, in 2017 it rose to 183 501 t, which corresponds to an increase of 35.2%, with an annual
negative rate of growth of -2.57%. As for the yield per hectare, it increased in 2013 from 1.82 t
ha! to 1.95 t ha, which is equivalent to 6.6% and a growth rate of 1.39%.
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Figure 7. Production (thousands of tons) and yield per hectare of chickpea, during the autumn-winter
agricultural cycle, in the period from 2013 to 2017 (SIAP- Statistical yearbook of agricultural
production).

This production, presented a tendency similar to that of the sown area (Figure 6), since it is
concentrated in the states of Sinaloa and Sonora 54% and 26% respectively, while the rest is
distributed in Michoacan with 8%, Baja California Sur 5%, Guanajuato with 5%, Jalisco and the
other states with 1% each.

The price of the chickpea during 2013 had a value of $12 520.00 pesos per ton, there was a decrease
in 2014 of 27.90% to a total of $9 010.00 pesos, later it increased again to 50.30%, until reaching
a total of $18 180.00 pesos t, in 2017 (Figure 8), thus having a growth rate of 7.74%. The value of
production decreased 47.40% during the period from 2014 to 2016, from a total of $2 617 201.00
pesos in 2013, to $1 375 047.00 pesos in 2016; however, in 2017 the value of production increased
by 58.7%, with a total of $3 336 084.00 pesos, with an average annual growth rate of 4.97%.

Experts in the matter, affirm that the chickpea has a variable price, since it rotates in function of
the offer and the demand, in addition to not forms part of the basic basket. Samuel Lépez Angulo,
president of the State Committee of Plant Health of Sinaloa (Cesavesin), says that in 2018 there
were variable prices in the commercialization of the chickpea, because at the beginning of the
harvest was around 18, 20 pesos per kilo and finally after there was an overproduction and went
down to 12, in another part to 13 or 14 per Kkg.
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Figure 8. Price (thousands of pesos) and value of the production (millions of pesos) of chickpea, during
the autumn-winter agricultural cycle, in the period from 2013 to 2017 (SIAP- Statistical
yearbook of agricultural production).

The value of the production of chickpeas is distributed in greater proportion in the states of Sinaloa
and Sonora with 54% and 26% respectively, production that is largely for export to Spain, Algeria,
Italy, Portugal, India, Turkey and Arab Nations, and the remaining 20% is distributed in Michoacan
with 8%, Guanajuato and Baja California Sur with 5% each and the remaining 2% corresponds to
Jalisco and the other producing states.

In Figure 9, it is shown how the distribution of the planted area of garbanzo in the municipalities
of the state of Guanajuato, where Jerecuaro stands out with an average of 625 ha, Jaral del Progreso
180 ha, Pénjamo 957 ha, Valley of Santiago 851 ha and Yuriria 526 ha, there is a large variation
in the period from 2013 to 2017, showing a negative growth rate of -3.487%. In 2014, Pénjamo
and Valley of Santiago reported a total of 2 787 ha and 3 648 ha, respectively, the largest area
planted during that period.
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Figure 9. Area sown (ha) of chickpea, in municipalities of the state of Guanajuato, during the autumn-
winter agricultural cycle, in the period from 2013 to 2017 (SIAP- Statistical yearbook of
agricultural production).
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In Figure 10, the distribution of chickpea yield per ha is indicated in the municipalities of the
state of Guanajuato, where Penjamo and Valley of Santiago had on average yields of 1.62 and
1.67 t hal, higher than Yuriria with 1.47 t ha't, Jaral del Progreso with 1.19 t ha* and Jerecuaro
with 0.8 t ha', with an average annual growth rate of 7%.

mJerécuaro  @Jaral del Progreso  EIPénjamo  mValle de Santiago B Yuriria

Yield (t hat)

15 -

0.5 A1

(el A A A

(A A A A A A A

]

]

2013 2014 2015 2016 2017

Figure 10. Yield per hectare of chickpea, in municipalities of the state of Guanajuato, during the
autumn-winter agricultural cycle, in the period from 2013 to 2017 (SIAP- Statistical
yearbook of agricultural production).

The yield depends to a great extent on the environmental conditions that occur during its
development cycle, such as frosts and atypical rains in winter that cause root rot in the cultivation
of chickpea, and among them the most important one is Fusarium wilt or vascular wilt, caused
mainly by Fusarium oxysporum f. sp. Ciceris (FOC) (Trapero-Casas and Jiménez-Diaz, 1985a),
vascular fusariosis caused by FOC is characterized by two distinguishable symptoms ‘vascular
withering’ and ‘vascular yellowing’.

Both symptoms are the result of vascular infections in the plant that are associated with a dark
brown coloration of the xylem and occasionally the marrow of the root, neck and stem of the
infected plants (Trapero-Casas and Jiménez-Diaz, 1985b).

Conclusions

The planted area of beans, during the period 2013 to 2017, presented an average annual growth
rate of 0.842%, with the state of Zacatecas and Durango accounting for 59% of the total ha
nationwide, while the state of Guanajuato it corresponds 6%, being Pénjamo the municipality that
has a total of 8% of the surface in the state.

During the same period, bean production at the national level had an average growth rate with
negative values, -3.79%, while yield per hectare also decreased, reaching a negative growth rate of
-1.21%. The variables that presented positive average growth rates were the price per ton and the
value of the production with a value of 7.68% and of 4.148%, respectively.
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In the cultivation of chick-pea, an annual average growth rate was obtained, with negative values,
for the planted area, -5.01%, within which the states with the highest production are Sinaloa,
Sonora, which represent 77% of the total area sowed at a national level, in the case of Guanajuato,
it contributes 6%, while within the state the municipalities of Pénjamo and Valley of Santiago are
the ones with the highest values.

With respect to production and yield por hectare, there were average annual growth rates, with
negative values -2.57% for production, while yield had 1.389% average annual growth rate. The
price of the chickpea showed an annual average growth rate with positive values of 7.744%, while
the value of the production had an annual average growth rate of 4.974%.
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