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Abstract  In recent years, the municipality of Tapalpa, Jalisco, has suffered a gradual deterioration of natural 
resources (water, forest, soil). There has been a growth of population and an increase in tourism activities that do not 
consider natural resources, types of landscape or their socio-economic implications. One of the most relevant 
changes in the municipality, in addition to deforestation, is the change of land use by another type of agriculture. 
Change and the availability of new foods can lead to change the consumption habits of the community. The aim of 
this paper was to evaluate the impact of agribusiness strawberry with respect to changes in the environment, and its 
impact on the feeding process, since this depends largely food security. For this purpose, a multi-temporal analysis 
of Landsat ETM+ satellite images from 2000 and 2017 respectively was carried out in the municipality of Tapalpa, 
Jalisco. Likewise, a Food Consumption Frequency Questionnaire (FCFC) was applied, taking a sample of 264 adults 
distributed between 18 and 60 years of age, to evaluate strawberry consumption in the municipality. The results 
showed an evolution of landscape fragmentation at all levels with a reduction in the percentage of hectares of forest 
land use and a significant increase in hectares of protected agriculture. Regarding consumption, the results indicated 
that 67% of the sample consumes strawberry and that the amount depends on the harvest period. 
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1. Introduction 

The municipality of Tapalpa has suffered a gradual 
deterioration of the natural resources (water, forest, soil). 
This situation is explained by the population growth and 
the increase of tourist activities in the region. But mainly 
because of an accelerated change of land use from natural 
to others (residential, agricultural and livestock) [1]. The 
municipality has also been involved in a process of 
agricultural modernization, where new productive 
techniques have begun to be introduced, such as protected 
agriculture, where its main production is destined for 
export crops, such as strawberry, a fruit with little 
antecedent in the town [2,3]. This type of agriculture aims 
to maximize crop yields without paying attention to the 
conservation of the natural resources (soil, water, 
atmosphere, biodiversity) on which it is based. Moreover, 
such intensive agriculture has resulted in serious 
environmental problems such as contamination of soils, 
groundwater, erosion and salinization of soils, including 
the reduction of biodiversity [4]. Según los datos 
publicados por el Instituto Nacional de Salud Pública, la 
cuarta parte de los mexicanos no tiene suficiente acceso a 

la alimentación [5]. In addition, the commercial approach 
of these new agricultural systems dissociates agriculture 
from the food needs of the population, focusing only on 
export. This alarming situation does not comply with the 
pillars of food security. 

This, understood as the guarantee for the population to 
have the food in sufficient quantity, easy access and to 
meet their basic needs [6].  

2. Material and Method 

2.1. Study Area 
The area studied in this research corresponded to the 

municipality of Tapalpa, located southeast of the state of 
Jalisco, Mexico. At the coordinates from 19° 36' 49'' to 20° 
05' 54'' north latitude and from 103° 36' 20'' to 103° 54' 
00'' west longitude. Figure 1 shows its delimitation. 

2.2. Procedure 
The present work was carried out by means of two 

investigations: The first one corresponded to applied 
research by means of analysis of satellite images; the 
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second was descriptive and transverse cut. At this stage a 
mixed method was used where a food consumption 
frequency questionnaire, validates in Mexico, was applied 
with some qualitative questions. 

2.2.1. Multitemporal Analysis 
In the first stage, a multitemporal analysis was carried 

out using the Landsat ETM + digital image processing 
(Enchanced Thematic Mapper Plus) to identify the change 
of land use in the municipality of Tapalpa Jalisco between 
2000 and 2017. It was sought to generate information 
from The land-uses on both dates and obtain data on the 
change during that 17-year period. This treatment was 
divided in three phases: a) Preprocessing, b) Processing 
and c) Postprocessing. All this analysis was performed 
with ArcGis 10.3 software. It should be mentioned that 
this work included fieldwork to verify the data generated. 

2.2.2. Evaluation of Frequency and Quantity of 
Strawberry Consumption 

The second stage consisted in the collection of data on 
the consumption of the main fruit produced under 
greenhouse in the municipality of Tapalpa: the strawberry. 

2.2.2.1. Participants 
For the evaluation of strawberry consumption in the 

municipality of Tapalpa, the sample size was calculated 
for a finite and well-known population corresponding to 
the total adult population in the municipality of Tapalpa, 
Jalisco. A 95% confidence interval and 5% error margin 
were considered. The sample to be studied was 264 
participants. They were used as inclusion criteria to have 
an age between 18 and 60 years and to have lived in the 
municipality for at least one year. 

2.2.2.2. Instrument 
A structured survey, made up of a Frequency Questionnaire 

on Food Consumption (CFCA), validated for the Mexican 
population and adapted according to the study was used as 
instrument [7]. Participants had to indicate the frequency 

of strawberry consumption, using one of the following 
categories: never, once a month, 2 to 3 times a month, 1 
time a week, 2 to 4 times a week, 5 to 6 Times a week, 
once a day, 2 to 3 times a day, 4 to 5 times a day or 6 or 
more times a day. Consumption quantities were evaluated 
by ranges: 1 to 5 pieces, 6 to 10 pieces, 11 to 16 pieces, 17 
to 22 pieces, 23 to 28 pieces, 29 to 34 Pieces and 35 or 
more pieces. The above according to the unit of measure 
of ration used in the Mexican Equivalent Food System 
(SMAE) [8]. Likewise, questions were included within the 
survey concerning the reasons why the fruit is ingested or 
not, in addition to questioning the participant if he / she 
knows the quality of the strawberry that consumes. It 
should be mentioned that before the start of the survey, the 
question of the current place of residence and the subject's 
age was questioned in order to exclude participants who 
did not meet the inclusion criteria of the study. The name, 
address or telephone number of the participant was not 
requested because it is irrelevant to the investigation and 
for the protection of the subject's identity. The data 
collection was carried out in the municipal head of 
Tapalpa as well as in the town of Ataco. 

2.2.2.3. Statistic Analysis 
The information obtained was transferred to a database 

in the software Excel 2016, to later analyze statistically 
the data with the software STATA / SE V12. First, we 
calculated the distribution of subjects according to their 
current consumption and during their childhood, as well as 
their frequency and quantity of current consumption. 
Afterwards a descriptive analysis of the information 
regarding the amount of strawberry consumption, in grams, 
was carried out. The established ranges were estimated 
and the mean, standard deviation, minimum value and 
maximum value of the data in grams were calculated. The 
reasons for consumption or not consumption were 
included according to the distribution of subjects who 
expressed similar reasons. Finally, the referred quality of 
the strawberry that the participants ingest was graphed by 
frequency of subjects. 

 
Figure 1. Study area 
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Figure 2. Land-use of the municipality of Tapalpa of the year 2000 (Own elaboration) 

3. Results 

3.1. Change of land-use in Tapalpa 
In Figure 2 it is possible to observe the distribution of 

the vegetation of the municipality of Tapalpa, Jalisco in 
the year 2000. 

In pink it is possible to appreciate those hectares that in 
the year 2000 were covered with agriculture of temporary 
of annual cycle. The yellow colors refer to the areas 
covered at that time by grassland or pasture-induced 
vegetation. The different shades of green express the 
hectares that were covered with vegetation. Primary 
vegetation in the case of darker green and secondary 
vegetation slightly lighter green. The opaque green color 
shows areas with no apparent vegetation. The color blue 
refers to the body of water present in the municipality and 
finally in gray color you can see the hectares that 
correspond to the urban area. As can be seen, the 
municipality was mainly covered by primary vegetation, 
however, also a significant proportion of pastures is 
observed, in addition, temporary agriculture was the only 
type of agriculture present in the municipality. In numbers, 

Table 1 shows the area in hectares and the percentage 
corresponding to the different types of vegetation in the 
municipality of Tapalpa. Of the 58,200 hectares that the 
municipality of Tapalpa has, the main land use is forest, 
since more than 74% is covered with primary and 
secondary vegetation of forest and jungle. With a smaller 
percentage, almost 11% of the total area of the 
municipality was occupied by rainfed agriculture and 
irrigation. The pasture represented 13.77% of the total 
area of the municipality and the urban area barely 
represented 0.76% of the total with only 445 hectares. 

Table 1. Area of land-use in the year 2000 

Land-use 
Surface 

has % 

Temporary and irrigation agriculture 6208.896 10.66 

Lakes & reservoirs 407 0.72 

Cultivated and induced pastures 8017.634 13.77 

Primary and secondary vegetation 43121.47 74.09 

Localities 445 0.76 

Totally 58200 100 
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Figure 3. Land-use of the municipality of Tapalpa of the year 2017 (Own elaboration) 

Figure 3 shows the vegetation that was identified in the 
year 2017 in the municipality. At first glance it is possible 
to identify a decrease in primary and secondary vegetation, 
because of covering 74.09% in the year 2000, in 2017 
barely represents 56.73% of the total. At the same time, 
temporary and irrigated agriculture increased from 10.66% 
in the year 2000 to 15.73% in 2017. The same happened 
with the grasslands, where there was also an increase, 
going from 13.77% to 24.39%. The urban area remained 
below 1%, covering only 520 hectares. Table 2 shows the 
exact amounts in hectares as well as the percentages of the 
municipality's vegetation in the same year. 

3.2. Strawberry Consumption in Tapalpa 
Table 3 shows the distribution of the population 

surveyed according to their sex, current consumption and 
during their childhood and their frequency and amount of 
current strawberry consumption. The total population 
surveyed corresponded to 264 subjects, of whom 67% 
were women and 33% were men. Of the population 
surveyed about 83% reported not having consumed 

strawberry during their childhood. With respect to the 
subjects who said to eat strawberry currently in a habitual 
way, sporadically or only in season it is observed that 
39.77% of the sample consumes strawberry and 9.09% 
consumes it only in season. However, 46.21% of the 
sample does not usually consume it and 4.93% never 
consume it. That is to say that the fruit is not part of the 
daily diet of almost half of the sample population. 

Table 2. Area of land-use in the year 2017 

Land-use 
Surface 

has % 

Temporary and irrigation agriculture 9152.07 5.73 

Lakes & reservoirs 407 0.72 

Cultivated and induced pastures 14192.22 24.39 

Primary and secondary vegetation 33026.61 56.74 

Localities 520 0.89 

Greenhouse agriculture 902.1 1.55 

Totally 58200 100 
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The same table shows the distribution of subjects 
according to their frequency of strawberry consumption. 
As can be observed, most subjects ingested strawberry 
occasionally (61.36%), as it was identified that 15 subjects 
consume strawberry at least once a month, 99 of the 
people consume it 1 to 3 times a month and 48 people 
surveyed consume strawberry once a week. On the other 
hand, 54 subjects ingest it 2 to 4 times a week and 15 
subjects once a day. Few people consume it 5 to 6 times a 
week, 2 to 3 times a day, 4 to 5 times a day or 6 or more 
times a day. Overall, 22 people have the habit of ingesting 
strawberry with these frequencies, or 8.33%. As already 
mentioned, of all the subjects surveyed, only 13 
mentioned never to consume it. 

Likewise, the distribution of the subjects surveyed 
according to the quantity in grams of strawberries 
consumed is appreciated. It can be identified that 25.38% 
of the people surveyed consume on average 102 grams of 
strawberry, 21.21% consume 36 grams; 18.94% of the 
sample consumes168 grams of the fruit, and 13 people do 
not consume any amount of strawberries. The rest of the 
sample consume more than 234 grams, an amount that is 
within the ration that establishes the Mexican System of 
Equivalent Foods (SMAE) [8]. 

Table 3. Distribution of the population by sex, consumption during 
childhood and current frequency and amount of consumption 

 
subjects 

n % 
Sex 264 100 
Female 177 67 
Male 87 33 
Consumption during childhood 264 100 
yes 45 17.05 
Not 219 82.95 
Current consumption 264 100 
Current consumption 105 39.77 
Sporadic consumption 122 46.21 
Consumption only in season 24 9.09 
Never consumes 13 4.93 
Frequency of consumption 264 100 
Never 13 4.92 
Less than one time per month 15 5.68 
One to three times a month 99 37.5 
once a week 48 18.18 
Two to four times a week 54 20.45 
Five to six times a week 6 2.27 
once a day 15 5.69 
One to three times a day 11 4.17 
Four to five times a day 2 0.76 
Six times a day or more 1 0.38 
Amount of consumption 264 100 
0 pieces (0 grams) 13 4.92 
1 to 5 pieces (36 grams) 56 21.21 
6 to 11 pieces (102 grams) 67 25.38 
12 to 16 pieces (168 grams) 50 18.94 
17 to 22 pieces (234 grams) 38 14.39 
23 to 28 pieces (306 grams) 17 6.44 
29 to 34 pieces (378 grams) 5 1.89 
35 or more pieces (483 or more grams) 18 6.82 

Table 4. Statistical analysis of consumption 

Variable n Average Standard deviation Minimum Maximum 

Grams 264 158.81 124.98 0 483 

 
Table 4 presents a statistical analysis of the amount of 

strawberry consumption in the population evaluated. It is 
possible to appreciate that the average consumption of the 
population of Tapalpa, is smaller to 159 grams. The 
minimum consumption referred was 0 grams and the 
maximum of 483 grams. A standard deviation of 124.9803 
was obtained. 

With respect to the reasons why the persons evaluated 
said to consume or not strawberry, Table 5 shows these 
reasons of ingestion. As for consumption reasons, he 
emphasized the availability of the fruit, as a determinant 
factor for its consumption, that is to say that 36.25% of 
strawberry consumers ingest it only when it is available 
and for sale in the locality, mainly in season. On the other 
hand, 34.66% of the population surveyed said they 
consume the fruit only because they like the taste, texture 
or any characteristic of the fruit. It is important to note that 
among respondents, 10.75% of strawberry consumers 
reported being workers in a greenhouse in the 
municipality or said to have a friend or relative who works 
in said establishments, for which strawberries are given to 
them for consumption . On the other hand, 11.55% said 
they consume strawberry because of their nutritional 
properties. The rest of the population reported consuming 
it only sometimes, due to an economic impossibility or 
due to lack of availability. On the other hand, the reasons 
why people who said never eat strawberry (13 subjects) do 
not eat it because they do not like the taste of the fruit, 
however, were also identified people who said not to 
consume strawberry because they consider that 
strawberries are contaminated with chemical pesticides. 
Similarly, a portion of people not consuming strawberry, 
said not to ingest it because it is very expensive. 

Table 5. Distribution of the population according to their reasons for 
consumption or non-consumption of strawberries 

 
Subjects 

n % 

Consumption reasons 251 100 

Availability of fruit 91 36.25 

Likes taste, texture or characteristics 87 34.66 

Due to its nutritional properties 29 11.55 

They give you the fruit for working in greenhouses 27 10.76 

Only consumes it sometimes because of lack of availability 9 3.59 

Only consumes it sometimes because it is expensive 8 3.19 

Reasons for non-consumption 13 100 

He does not like the strawberry 5 38.46 

Why the fruit is contaminated with pesticides 3 23.08 

Because it is expensive 2 15.38 

Because it is not available 2 15.38 

Does not know 1 7.70 

 
Finally, Figure 4 shows the results on the knowledge 

that has the population surveyed with respect to the 
quality of the strawberry that they ingest. 57% of the 
sample expressed that the strawberry they consume is of 
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first quality, organic and very good; 24% said they did not 
know the quality of the strawberry they eat while 15% 
said they were sure that the strawberry they consume is of 
"second quality" and is not suitable for export. Only 5% said 
that it is of third quality and that it may be contaminated. 

 
Figure 4. Rawberry quality according to consumers in the Municipality 

4. Discussion 

In this research we have seen transformations of forest 
vegetation, such as forests and forests, to another type of 
land use, between 2000 and 2017 in more than 17% of the 
total area of the municipality. This means that more than 
17% of deforestation is observed in the entire municipality 
of Tapalpa. This transformation is so significant that it 
must be studied in more detail to measure its effects on the 
loss of biodiversity. Forest ecosystems are very relevant 
for biodiversity such as mesquite, mangrove, vegetation of 
coastal dunes, tulle, among others. 

There was a 5% increase in temporary and irrigated 
agriculture, which clearly shows a trend towards forest 
degradation. The present analysis demonstrated a very 
clear trend of forest fragmentation, while forests face a 
process of degradation. Table 6 shows these changes in 
the evaluated years. 

The fragmentation of natural habitats is an almost 
universal and irreversible process, and the understanding 
of their ecological and genetic effects will allow, in the 
not so distant future, to design strategies for the 
conservation of biodiversity. An increase from 13.77% to 
24.39% in pasture, indicates a not very encouraging trend 
in the use and conservation of the natural heritage of 
Tapalpa, given that the municipality depends on its 
resources to conserve its main economic activity, which 
corresponds to the commerce derived from tourism. 
According to information from INEGI's National 
Statistical Directory of Economic Units (DENUE), in 
2015 the municipality had 818 economic units and its 

distribution by sectors reveals a predominance of 
economic units dedicated to commerce, being these 45.2% 
of the total. However, agriculture contributes only 0.4% of 
the total [9]. 

Protected agriculture accounted for only 902.1 hectares 
in 2017, that is, less than 1% of the total area of the 
municipality compared to other land uses in Tapalpa. 
However, more than 90% of its production is destined for 
export [9] and is not for local consumption. This situation 
is detrimental to the population of the municipality, since 
to sustain or increase production, necessary to maintain 
commercial alliances abroad, renewable natural resources 
such as water are used. This leads the population to place 
themselves in a degree of food vulnerability.  

Before this disturbing scenario, in the second stage of 
the research a strawberry consumption frequency 
questionnaire was carried out, the main product of 
protected agriculture in the municipality, from which 
interesting data were identified. First, the fact that more 
than 82% of the population said they had not consumed 
strawberry during their childhood, allowed to identify a 
parallel transition with respect to production-consumption. 
That is, that 16 years ago, because there was no local 
strawberry cultivation, the population did not ingest it. 
However, when questioning consumption, frequency and 
amount of current intake, a consumption was found, which, 
although not daily, exceeded the referred intake during 
childhood. It is important to note that, in spite of this, the 
strawberry is not currently a staple food nor indispensable 
for the population of Tapalpa. However, in OEIDRUS data 
from Jalisco (2016), its production has increased from 0 
tons in 2001, to generate 9,240 tons in 2015 (Figure 5) [3]. 
These figures are consistent with the increase observed in 
the results of this study, where in 2000 protected 
agriculture was not present in the municipality, whereas in 
2016 it is. The same as in the case of consumption. 

 

Figure 5. Strawberry production in Tapalpa from 2001 to 2015. Source: 
Elaborated with data of OEIDRUS Jalisco (2016) 

Table 6. Soil surface according to use and variation of change between 2000 and 2017 in Tapalpa, Jalisco 

Land-use 
Year 2000 Year 2017 Variation 

has % has % % 
Temporary and irrigation agriculture 6208.896 10.66 9152.07 15.73 +5.07 
Lakes & reservoirs 407 0.72 407 0.72 0 
Cultivated and induced pastures 8017.634 13.77 14192.22 24.39 +10.62 
Primary and secondary vegetation 43121.47 74.09 33026.61 56.74 -17.35 
Localities 445 0.76 520 0.89 +0.13 
Greenhouse agriculture 0 0 902.1 1.55 +1.55 
Totally 58200 100 58200 100  
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Strawberry is a fruit with multiple health benefits [11]. 
However, Tapalpa has become one of the main exporters 
of the fruit and its population, according to the results of 
this study, hardly includes it in their daily diet. The main 
reason why respondents said they ingest this red fruit was 
due to their availability, which is a conditioning factor for 
their intake to be carried out, as stated by authors such as 
Bourges (2004) and The World Organization Of the 
United Nations Food and Agriculture Organization (FAO, 
2011 [6,12]. However, because only 10% of production is 
destined for consumption by the population, the food 
security of this fruit is infringed [10]. Another important 
aspect is that the consumption of 10.76% depends on 
whether the fruit is given to them or not, since several 
people said that this fruit is expensive. However, this data 
allows identifying that more than 27 people are linked to 
field work under greenhouse, this activity being the source 
of employment of a considerable number of subjects. With 
regard to strawberry intake, only 29.54% of strawberry 
consumers ingested representative amounts according to 
the SMAE, which forms the basis of current dietary 
guidelines in Mexico [8,13]. 

Finally, FAO states that in order to ensure food security, 
in addition to physical, social and economic access to 
sufficient and nutritious food, these should be safe. The 
latter concept is understood as a food whose habitual 
consumption does not imply health risks because it is free 
of pathogenic micro-organisms, toxins, and contaminants 
and is consumed in moderation [14]. However, the use of 
agrochemicals in contemporary agriculture has been 
associated with low quality food and harmful to health 
[15]. When questioning the participants if they knew the 
quality of the strawberry they ingest, worrisome 24% said 
they did not know the quality and 15% and 4% 
acknowledged to eat strawberries that are considered of 
second or third quality respectively.  However, one of the 
reasons why some people do not ingest strawberries was 
because they said that they are contaminated with 
agrochemicals. In this sense, further studies on chemical 
residues in this product would be necessary. 

5. Conclusion 

Although the strawberry is not a food of daily 
consumption nor is it considered basic for the population 
where it is produced, and that the production of foods of 
basic consumption like corn and wheat are less and less 
present in the municipality [3], it seems that it is not a 
problem that occupies the thoughts of the current 
politicians. The state is betting more and more on this new 
type of economic dealings, where food production is 
focused on the trade and not on the food security of the 
population. In fact, according to FIRCO in 2009 the 
government had an investment of more than 6 million 
pesos to support intensive production in strawberry 
macrotunel in Tapalpa, which led to increase strawberry 
production regardless of the detrimental effects that this 
entails to the environment. In this work it is clearly 
observed that the new tendencies of agriculture used in the 
municipality of Tapalpa have harmed the environment [2]. 
Deforestation is the most marked change in land use in the 
last 17 years. In addition to the scarcity of renewable 

resources such as water, Tapalpa's food security and self-
sufficiency expectations are not encouraging. It is known 
that the human being is not exempt from the presence of 
famines, so there are elements that could prevent them, the 
first being the generation of agricultural production according 
to the needs of the population [16]. However, the production 
of strawberry under greenhouse in Tapalpa removes space 
and resources to the basic crops for the population. 
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