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ABSTRACT

Historically, farmers have generated knowledge about agriculture from their experiences. However, it is not
known whether the farmers of the Sierra Nevada de Puebla implement adequate fertilization management for the
cultivation of Chile Poblano, due to lack of information on this subject. The aim of this research was to document
the knowledge that farmers have about fertilization management for Chile Poblano, through the application of
a questionnaire that makes it possible to obtain information in this regard, and will serve as a basis to improve
current practices. 50 producers were interviewed, selected from a regional register of 200 farmers, with a qualitative-
quantitative sampling of maximum variance, in 14 localities, distributed among nine municipalities of the Sierra
Nevada. The information was analyzed using descriptive statistics and cluster analysis. Three groups of producers
were identified, taking as a classification criterion, the way in which they use local manure, commercial organic
fertilizers and chemical fertilizers in terms of the management of nutrients for the crop. It was concluded that
farmers have generated empirical knowledge about the use of manure and chemical fertilizers for the cultivation of

Chile Poblano, but they do not know how to appropriately combine these sources to increase fruit yield.

Keywords: Commercial organic fertilizers, peasant knowledge, chemical fertilization, use of local manure.

INTRODUCTION

Modern agriculture has multiple purposes, particularly those of agronomic, economic,
social and environmental nature, so implementing an appropriate crop fertilization
management program is extremely relevant, because its implementation will in some way
affect at least one of these objectives. A clear example is increase in yield as a result of apt
fertilization, which results in economic and social benefits for farmers.

Both organic and chemical fertilizers represent basic inputs in agricultural activity that are used
to improve the nutritional status of plants, promote vegetative growth and as a consequence
increase the production of food such as cereals, oilseeds, fruit trees and vegetables, aiming not
only to maximize yields, but also to optimize the quality of the product of commercial interest.
It is considered that a nutrient management program should consider the use of organic matter
sources such as manure, compost and vegetable residues, among others, together with the use
of chemical fertilizers (Santiago and Reynoso, 2009; Ortega, 2013; Santa-Marfa ez al., 2015).
Farmers, through the constant handling of these products, generate a set of empirical
observations based on experiences with their own crops, but, sometimes, also through
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experimentation and individual or collective invention; this knowledge is transmitted
from generation to generation, which enriches a particular aspect of the production
process, especially when it is handled locally (Williams ez /., 2003; Landini, 2011). Being
knowledgeable about adequate management of plant fertilization, especially in small scale
family-oriented agriculture, provides several benefits, such as an increase in the content
of organic matter, a greater tolerance to damage from pests and diseases by having plants
that are well nourished and vigorous, and an increase in food sources as the result of
increasing yields (Pretty ez al., 2003; Florentin ez al., 2011; Bunch, 2012). A traditional
practice by farmers to improve the quantity and quality of their crops, in addition to the
physical and chemical properties of the soil, has been the application of organic matter in
the form of manure, either fresh or in a state of decomposition (Ortega, 2013). Likewise,
the use of chemical fertilizers is also an important factor for improving the productivity
of agriculture, as these not only improve yield, but also provide an increase in crop by-
products (Kumar ez al., 2015).

In the case of family-oriented agriculture, on many occasions agricultural and livestock
activities are complementary, so in order not to discard animal waste, the intention is
to use it for agriculture and that its use contribute to improving the economy of these
production units (Cole ez al., 2016). Good fertilization and crop management enhance
the agronomic performance of the plant and thereby generate additional income for the
farmer (Flores ez al., 2004; Ugarte ez al., 2007). Crop nourishment programs, including
those directed at fruit trees and vegetables, include abundant application of fertilizers,
particularly those containing nitrogen. However, often there is no fertilizer management
program that makes it possible to control the amount applied to the crop; also, on many
occasions, the nutrients contained in the soil are not determined, resulting in nutritional
imbalance, which is reflected in physiological problems for the entire plant.

Studies have been carried out to determine knowledge concerning the use of organic
and chemical fertilizers in fertilization practices (Nesme ez al., 2005) and for crops such
as the local variety known as “chile de agua” (Aparicio-del-Moral ez al., 2013) and rice
(Guo et al., 2015). Recently, a project was undertaken in the study area confirming that
local manure or commercial organic fertilizers may be used as substrate components for
the production of good quality Chile Poblano seedlings (Acevedo e al., 2020). However,
in the Sierra Nevada region of Puebla, there is a lack of knowledge about how producers
manage fertilization in the cultivation of Chile Poblano, because they do not know the
exact amount of nutrients that should be applied to a certain surface area (Herrera, 2016).
This negatively impacts farmers in terms of production achieved and corresponding
economic income, without the extent of this effect having been quantified.

In the case of the Chile Poblano, the way in which producers handle fertilization of the crop
is unknown, so it is necessary to identify and systematize the knowledge that farmers have
regarding plant nutrition, by recording the way in which chemical and organic fertilizers
are applied in the study area. We expect that results obtained will be useful for assessing
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the type of Chile Poblano producer found in the study area, based on the knowledge they
manifest regarding the use of organic and chemical fertilizers, thus making it possible to
promote programs that focus on the design and implementation of fertilizer management
for the crop, according to the needs presented by producers.

MATERIALS AND METHODS
Study area and sample size

The research was carried out in nine municipalities of the Sierra Nevada de Puebla (Figure
1), which is the most important chile poblano producing region in the state, where family-
oriented agriculture is one of the main activities. The municipalities of the study region
were: Domingo Arenas, San Miguel Huejotzingo, Juan C. Bonilla, San Andrés Calpan,
San Lorenzo Chiautzingo, San Martin Texmelucan, San Matias Tlalancaleca, San Salvador
el Verde and Santa Rita Tlahuapan. 14 localities were selected from the nine municipalities
where Chile Poblano is produced (Table 1).

The number of Chile Poblano producers to be interviewed was defined by qualitative-
quantitative sampling with maximum variance. The sample size was based on a register of

approximately 200 producers located in the Sierra Nevada de Puebla. The equation used

to determine the sample size was:

Municipalities
| S. Andrés Calpan
S. Lorenzo Chiautzingo
| Domingo Arenas
S. Miguel Huejotzingo
Juan ‘é Bonilla 8
S. Martin Texmelucan
[0 S. Matfas Tlalancaleca
S. Salvador El Verde
[ S. Rita Tlahuapan

Localities

I S. Mateo Capultitldn
I Colonia Chauac

[ Guadalupe Zaragoza
I Judrez Coronaco

Bl Sta. Cruz Moxolahuac
B S Lucas Atzala

| S. Andrés Calpan

. Buenaventura Tecaltzingo
. Lorenzo Chiauzingo
Matias Tlalancaleca

. Rafaek Tlanalapan

. Salvador El Verde
ta. Maria Moyotzingo

ta. Marfa Zacatepec

S
S
S
N
Study region 2
S

BEN BCRC

State de Puebla

Geodetic data

Map proyeccién: UTM

20 0 20 40 Ellipsoid name: WGS84
e Datum: WGS84
kilometers Zone: 14 (North)

Figure 1. Position of municipalities and study localities in the Sierra Nevada de Pucbla.
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Table 1. Distribution of surveys by municipalities and localities in the Sierra Nevada de Puebla region.

Municipality Locality NCLoc NCMun
Domingo Arenas Colonia Chahuac 1 1
Juan C. Bonilla Santa Marfa Zacatepec 2

, San Andrés Calpan 2
San Andrés Calpan San Lucas Atzala 3 5
San Lorenzo Chiautzingo San Lorenzo Chiautzingo 7 7
San Rafael Tlanalapa 4
San Martin Texmelucan Santa Maria Moyotzingo . >
San Buenaventura Tecaltzingo 7 16
San Matias Tlalancaleca Sa1’1 Matias Tlalancaleca 5
Judrez Coronaco 4 9
San Miguel Huejotzingo San Mateo Capultitldn 4 4
San Salvador el Verde San Salvador el Verde 2 2
. Guadalupe Zaragoza 3
Santa Rita Tlahuapan Santa Cruz Moxoldhuac 1 4
Total 50 50

NCLoc: number of questionnaires per locality and NCMun: number of questionnaires per municipality.

NZ?2,(0.25)
 Nd*+72,(0.25)

where 7: sample size; IV: number of producers in the register; 4: accuracy; Z : Reliability.

Z value (standard normal distribution).

The sample size was 33, but for purposes of attaining more reliable information, it was
decided to consider a final sample of 50 farmers to be interviewed.

(200)(2.5)° (0.25)
(200)(0.2) +(2.5)° ,(0.25)

Design of questionnaire
Gathering of information was carried out during field trips and direct visits to the
private homes of the farmers. A questionnaire consisting of 55 questions was applied
to Chile Poblano producers; this questionnaire was divided into four categories: 1.
General characteristics of farmers and management practices of Chile Poblano crop,
2. Crop fertilization management through the use of organic fertilizers (manure and
commercial fertilizers) and chemical fertilizers, 3. Institutional support received by
farmers to encourage the cultivation of Chile Poblano and 4. Traditional knowledge that
has been generated, maintained and transmitted to farmers concerning the agronomic

management of the crop.
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Statistical analysis
A descriptive analysis was carried out where characteristics of Chile Poblano cultivation
were considered, such as obtaining the seed and type of fertilization, among others. A
cluster analysis was performed based on the Euclidean distance matrix grouping, using
Ward’s method, to define groups of producers who shared common characteristics in
terms of fertilization management for the Chile Poblano crop. The statistical program
used for information analysis constituted the SAS program, version 9.4 (Statistic Analysis

System Institute, 2013).

RESULTS AND DISCUSSION
Characteristics of farmers and management of the Chile Poblano crop

Chile Poblano farmers from the Sierra Nevada de Puebla have dedicated an average of
17 years to cultivating this crop. Figure 2 shows educational level and age of farmers.
78% finished primary and secondary and 20% finished high school or undergraduate
level; only 2% of farmers have no academic education. The age of the Chile Poblano
farmers ranges between 24 and 79 years, averaging 55 years old. Results indicate that level
of education influences management of the Chile Poblano crop, thus Galindo (2007)
ascertains that age and level of schooling determines the level of acceptance and adoption
of new technologies for growing the crop, as it is apparent that the youngest producers with
highest level of schooling are the ones who are most willing to implement technological
recommendations that have not yet been put into practice.

Farmers have an average of 1.0 ha for Chile Poblano cultivation, although 44% have
less than 0.5 ha and 14% have more than 2 ha. 58% have a private property, while

60 80
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High school -
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Figure 2. Educational level and age of Chile Poblano farmers in the Sierra Nevada
de Puebla.
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20% own communal land. Notably, despite the fact that some have their own land for
cultivation, 62% tend to rent land and on average they rent 1.4 ha. Those who rent
mentioned that the method used for fertilizing the crop on rented land was based on
chemical fertilization, whereas those who owned their land fertilized it with manure and
chemical fertilizers.

The Chile Poblano seed used by farmers is Creole and is mostly their own, only 18% was
obtained in other localities, mainly in San Miguel Huejotzingo, Judrez Coronaco, San Matias
Tlalancaleca, San Rafael Tlanalapa and San Gregorio Zacapechpan. 86% of the Chile Poblano
cultivation area is irrigated, while the rest is cultivated under season rain-fed conditions.

The yield obtained for green fruit is 1.4 t ha”', whereas for dried fruit it is 0.76 t ha''.
62% of the farmers tend to use additional labor apart from the production unit, hiring an
average of 13 daily workers per crop cycle; apart from this, extra labor comes only from
family members, who help with cultivation work. The product in the form of dried fruit
is used more for commercial purposes, as 78% of the farmers sell this dehydrated, whereas
the rest market both green and dried fruit. Not knowing the adequate amount of fertilizer
for crops, leads to low yields in the study area; lower than the national average of 21.5 t h™!

of green fruit and 1.9 t ha' of dried fruit (FAOSTAT, 2018).

Compost and fertilization
Figure 3 shows the amount of fertilizers and chemical fertilizers used in Chile Poblano
cultivation. Farmers manage three types of fertilization sources: manure, commercial
organic fertilizers and chemical fertilizers. For example, 98% of respondents use chemical

fertilizers more frequently, 48% apply manure in combination with chemical fertilizers,
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Figure 3. Combination of organic compost and chemical fertilizers used for growing
Chile Poblano in the Sierra Nevada de Puebla.
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and only 16% apply the combination of manure-commercial organic fertilizer-chemical
fertilizers. Results indicate that the majority of farmers prefer to use chemical fertilizers
and a minority a combination of these. The theory about the knowledge of farmers, when
combining the use of chemical fertilizers and organic fertilizers to crops, indicates that a
deficit exists in terms of the amount applied and the optimal amount recommended for
the development of the plant (Barra, 1999; Aparicio-del-Moral ez al., 2013). These results
concur with the theory indicating a lack of knowledge about the adequate amount of
fertilizers to apply for the cultivation of Chile Poblano, when manure, commercial organic

fertilizers and chemical fertilizers are used as nutrient sources.

Production of manure for use as organic fertilizer

58% of farmers own some type of livestock, among which cattle, sheep and pigs are
predominant. The production of manure depends on the species of cattle they have;
generally, in the study area, based on the register of 200 Chile Poblano producers,
292 t of cattle manure, 200 t per year of sheep manure and 40 t per year of pig
manure are produced annually, which means that the local availability of this source
of nutrients is not a limitation to its use. 76% of farmers simply stockpile manure
until it is moved to the field for application, and 76% are willing to procure manure
for application on their farms, as long as it is available either in their own locality or in
a neighboring locality. Based on the compiled information, it is apparent that farmers
tend to use manure to fertilize their crops, asserting that 72% of them employ some
type of manure in the cultivation of Chile Poblano; the most commonly used is cattle
manure, followed by sheep.

As mentioned before, most farmers in the study area own a number of animal species
that generate variable amounts of manure per year. Having this type of nutrient
source for plants can be taken advantage of by farmers, who apply it directly to their
farmland, creating the impression of reduced use of chemical fertilizers and thus in
the overall expense per crop. Additionally, they mention that manure as a source of
nutritional elements in cultivated areas, lasts for 5 years after its application, a fact
corroborated by Schréder (2005).

Use of commercial fertilizers

The use of commercial organic fertilizers is low, because 80% of farmers have no interest
in using it and only a small percentage (20%) do use this type of fertilizer; among the
reasons mentioned, to explain their low use, is that they are very expensive, they do not
know where to get them or they simply do not like to use them. Farmers who apply
commercial fertilizers see results in the form of increased crop productivity as the result
of adding organic matter, as the use of commercial fertilizers that include organic matter
such as earthworm humus and farmyard manure is efficient for chili production. (Ribeiro
et al., 2000)
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Application of chemical fertilizers
98% of farmers use chemical fertilizers. These include predominantly diammonium
phosphate (DAP) 18-46-0 (72%) and urea (48%), and to a lesser extent potassium
chloride (12%). Importantly, macronutrients (N, P and K) are required by crops in
considerable amounts to maintain commercially acceptable yields. These nutrients have
received most attention in fertilization practices and applying them in optimal quantities
has caused increases in the product of commercial interest. However, it should also be
taken into account that the nutritional needs of plants are defined by the species, so that
it is necessary to consider quantity, quality, form and moment of application (Betrdn ez
al., 2006). The management of chemical fertilization by Chile Poblano producers in the
study area indicates a lack of knowledge in this regard, particularly if the low percentage
of producers who apply potassium is considered, as this element is fundamental for the
production of enzymes during stages of development and to maintain water balance in
plant tissues. However, if potassium is not provided in optimal amounts, plants do not
reach their fruit yield potential, which is reflected in a decrease in the expected harvest
(Kuangfei ez al., 1999).
The farmers interviewed, mentioned that they do not know the adequate amounts for
each fertilizer that should be applied and therefore, they make applications similar to
those they carry out for the maize crop, without making an accurate record of the total
amount applied. For Galindo (2007), the two crop management practices that producers
carry out inadequately, due to ignorance, are disease control and fertilization, resulting in
low yields and poor fruit quality. Salazar-Jara and Judrez-Lépez, (2013) mention that the
nutritional requirement of chili as a basis for calculating the fertilization dose in kg t',
indicates a requirement of 2.4 to 4.0 N, 0.4 to 1.0 PO, and 3.4 t0 5.29 KO with the
purpose of reducing the cost of production and optimizing the supply of fertilizers, while
reducing negative impact on the environment, and thus promoting optimum quality and
quantity of harvested products.
The cluster analysis based on the variables of the use of manure, organic fertilizers and
chemical fertilizers for management of the fertilization of the Chile Poblano crop divided
the farmers into three groups (Figure 4). Each group is integrated according to the
similarity in which the producers use these nutrient sources, alone or in combination,
for the fertilization of the crop. The integration of these groups was determined by the
following characteristics:
Group I is made up of 14% of farmers with an average age of 46.2 years, who use cattle
manure, because the cattle they own generate an average of 63 tons of manure per year.
The amount of manure applied to the farmland is 15 t to an average area of 1.5 ha, which
is applied prior to transplanting. In this group, the producers also apply compost, of up to
a ton to this surface area, which they apply during the first work on the crop. The chemical
fertilizers most used by farmers are the application of 316 kg of urea and 59 kg of 18-46-0
to an average crop area of 1.5 ha, which represents the greatest cost in terms of acquiring
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Figure 4. Groups of farmers based on fertilization management for the Chile Poblano crop in the Sierra

Nevada de Puebla.

both types of fertilizer during crop nutrition management. This group of farmers does
undertake to combine manure, commercial fertilizers and chemical fertilizers, as they
have observed plants generate better roots, greater strength during development and have
obtained greater yields.

Group II is made up of 28% of farmers, who have an average age of 57.3 years, making
them the oldest group of producers. In this group, the application of chemical fertilizers
predominates, in the form of 75 kg of urea, 120 kg of 18-46-0 and 30 kg of potassium
chloride (KCI) for an average area of 1.2 ha. These fertilizers are applied during the first
cultivation work for the Poblano pepper crop. According to the producers, they prefer to
use this type of fertilizer to provide their crops with nutrients because they are fast-acting
and favor the development of the plant, which results in an increased yield of chili fruit.

Farmer is group III comprise 58% with an average age of 55.8 years; they have sheep,
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which generate an average of 40 t of manure per year. In this scenario, producers apply
the manure after it has been stored for three to six months, applying an average of 15 t
to 1 ha prior to transplanting. They also apply chemical fertilizers: 65 kg of urea, 100 kg
of 18-46-0, and 25 kg of potassium chloride (KCI) per unit area. This type of producer
incorporates the application of manure, mainly sheep manure, to their farmland, plus the
application of chemical fertilizers, as this results in better fertilization of the Chile Poblano
plants, and an increase in yield of both green and dried product. It is apparent, in the same
study area, that the application of sheep manure at a high level (15 t ha™), in combination
with chemical fertilization at a medium level (80N-40P-80K) contributes to significantly
increasing yields of green Chile Poblano (Tlelo-Cuautle ez 4/., 2020).

Ren ez al. (2011), mentions that the grouping of producers in terms of fertilization
management serves as an information system, where each farmer has specific knowledge
regarding how he fertilizes his crop. Based on this knowledge, it should be possible to
improve recommendations concerning the fertilization of the Chile Poblano crop.
However, it is necessary to discover exactly how producers are managing their crops in
terms of nutrients; unfortunately, this is information that producers often do not record
and systematize, or that they do not easily share.

The fundamental factor that enabled the grouping of farmers as presented in Figure 4
entailed the management of fertilization for the Chile Poblano crop. The differentiation
of the producers into three groups was made based on the following: the first undertook
combined fertilization employing manure, compost and chemical fertilizers, the second
based theirs only on the use of chemical fertilizers and the third used manure plus
chemical fertilizers. The means of providing nutrients for plants, characteristic of group
three, is the most widespread and occurs more frequently in seven municipalities, where
the manure resource, generated by the different species of livestock they own is used, but
this is complemented by the purchase of chemical fertilizers.

Here, we should return to what Galindo (2007) asserts, in the sense that to increase chili
production, it is necessary to carry out an integrated control of pests and diseases, use
better varieties and fertilize with the appropriate doses, among other aspects. The same
author points out that a limitation to achieving the above refers to the fact that producers
apply low doses of fertilizer, compared to the optimal recommended dose. In this case,
for the Sierra Nevada de Puebla area, Huerta ez 2/. (2007) mentions that the fertilization
formula 120-80-100 is appropriate for managing Chile Poblano nutrients.

If this recommendation is taken as a parameter, the producers from the three groups
described previously manifest poor crop fertilization management, as the producers in
Groups I, II and III use the fertilization formulas 156-27-00, 55 -55-18 and 48-46-15,
respectively, resulting in them achieving product yields of the order of 1006, 598 and 2050
kg ha'. There is an apparent inverse relationship between the adoption of technological
recommendations in the cultivation of chili, and the age and educational level of the
producers (Galindo 2007).
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Results indicate that something similar occurs in the study area, as the producers in Group
I are the youngest with an average of 46.2 years of age, are those who have shown a greater
willingness to innovate in the nutritional management of the crop by resorting to both
the use of chemical fertilizers and local manure, as well as the use of commercial organic
fertilizers; the producers of Groups II and III, with a more advanced age of 57.3 and 55.8
years, respectively, maintain more traditional fertilization management, using only local
manures and chemical fertilizers. It is worth mentioning that the nutrition of the crop in
sustainable family agriculture cannot be based only on the use of chemical fertilizers, it is
best to accompany these with applications of manure to help improve soil fertility, because
as this is slow release, the nutrients they contain are available to be used by plants for a
longer period of time (Calatayud and Mateu, 1995; Latournerie ez al., 2002; Dopico ez
al., 2009).

Institutional support and traditional knowledge
90% of the farmers mentioned that they do not receive any institutional support and
only 10% of them receive economic support from agencies such as SAGARPA and the
municipal presidency, for the purchase of fertilizers that they apply for the cultivation of
Chile Poblano.
Even when the technology concerning aspects of nutrients for plants is constantly
advancing, the management of the fertilization of the Chile Poblano crop among
the producers of the Sierra Nevada de Puebla is characteristic of a production system
typical of traditional agriculture. Farmers in the area mention that the transmission
of knowledge about the production of Chile Poblano is declining, because new
generations often seek other types of work or tend to emigrate and are not interested
in the countryside, especially concerning the cultivation of Chile Poblano and
particularly in the study area.
76% of producers associate the lunar phases with the agronomic management of
the Chile Poblano crop, as this is rooted in traditional knowledge that has been
transmitted from generation to generation; in this sense, Méndez (2003) mentions that
traditional practices, decisions and beliefs offer a possibility for expanding the frontier
of scientific knowledge. 32% of producers rely on the first quarter lunar phase for
establishing plants in the field, as producers associate this with a low presence of pests
and a better vegetative development of the crop. Lunar phases have great influence
on agriculture, as according to ancient knowledge, each lunar phase is relevant in
terms of particular aspects such as soil, harvest, pruning, planting, pests; with the
new moon and crescent moon being those considered most useful for ensuring greater
crop productivity (Andrade ez al., 2017).
87.7% of producers consider it important to transmit the knowledge they have about
the management of the Chile Poblano crop to the new generations, so that they will
continue to conserve the seed of these local populations, as they consider this to be

a way of also conserving their particular identity. In this sense, Garcia (2007) points
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out that given its character and collective utility, among the peoples and communities
that maintain traditional knowledge, it has a greater use value than exchange value,
as this type of knowledge is part of the natural heritage and culture of these groups,
which reinforces and defines their identity. Based on this, it is important to recognize
that initiatives and efforts are necessary in order to understand, systematize, conserve,
protect, take advantage of and innovate on the traditional knowledge that is still
maintained as part of the culture of both indigenous and non-indigenous groups, who
practice agriculture in the particular environmental conditions of our country.

This research contributes to understanding how the farmers of the Sierra Nevada de
Puebla manage fertilization for the cultivation of Chile Poblano, with a perspective
on the use of manure and chemical fertilizers, while aiming to provide information
that serves as a basis to improve current practices, thus allowing more efficient use of

organic fertilizers, by considering them as a low-cost local resource.

CONCLUSION

The farmers of the Sierra Nevada de Puebla have generated and maintained a certain
level of knowledge about the use of manure, commercial organic fertilizers and chemical
fertilizers for the management of fertilization in the cultivation of Chile Poblano, but they
do not know precisely how to implement a combination of these resources to increase
product yield, as even when the three groups of producers identified resort to the use
of local manure and commercial organic fertilizers, they maintain the application of
chemical fertilization doses well below the technological recommendations for the study
area, reflected in the low product yields obtained.
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