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Food systems are under pressure to produce more food of higher quality while reducing the pressure on natural
resources. Currently, land degradation is widespread, especially in areas with smallholder farming. Agricultural
extension may help farmers to adopt sustainable practices. However, adoption rates of interventions are often
low in smallholder farming. This paper carries out an ex-ante analysis to determine to what extent the perception
of soil characteristics (land cover, slope, soil organic matter, surface stoniness, and texture) and soil variability
(how much acid or basic is the soil, i.e., pH level, and level of electric conductivity-EC) limit adoption with the
final goal to design better policies to crop productivity. Differences in the perception of soil characteristics and
variability between farmers and agricultural specialists, may result in situations where technological packages
arrive at farms that are not likely to adopt or do not arrive at farmers that are likely to adopt. This paper studies
differences in perception of soil characteristics and soil variability between agricultural specialists and farmers.
Smallholder farmers in Central America producing beans were found to have different perceptions of soil
characteristics relative to agricultural specialists. In addition, soil variability was considerable. As a result, it is
concluded that soil perception and soil variability are likely causes of low adoption rates. Reducing the infor
mation gap with respect to the real needs of farmers will make policies more effective, resulting in higher
adoption rates of new technologies and increased productivity.
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1. Introduction
Food systems must be transformed to provide enough quantity of
healthy food for everyone in a sustainable way, including those involved
in the production chain, while dealing with the dynamics of local and
global economies and the environment. Transforming global food sys
tems requires a combination of research, policies, and extension services
to manage complex trade-offs. One of the challenges of agricultural
extension is low adoption rates. Suffice it to say, it is important to un
derstand what is and is not working and provide additional information
to improve the efficiency and effectiveness of policies. This insight is
necessary for informed decision-making, including in trade negotiations
and targeted agricultural policies. Soil management is an essential

element of food systems. It is even more important today given that 30%
of the total global land is degraded (Sterk and Stoorvogel, 2020) and that
it plays a critical role in the adoption decisions farmers make on the use
of fertilizers and water conservation practices, among others (Pham
et al., 2021).
The literature shows a problem of low adoption of agriculture
technologies (Hermans et al., 2021). Lambrecht et al. (2014) identified
the three stages of the adoption process. First, is the awareness when the
farmer becomes aware of the existence of new technologies. Second, is
testing, when the farmer once aware of new technology, has access to
adequate information to decide whether to use the new technology.
Finally, is the adoption, when the farmer, having tested the technology,
decides to adopt it and continue using it.
The low adoption rate has been widely studied, and different reasons
have been identified. First, farmers’ characteristics like age, training,
and social capital influence adoption rates (Feder and Umali, 1993;
Abadi Ghadim and Pannell, 1999; Pham et al., 2021). Older farmers are
more risk-averse, and therefore it is less probable that they will adopt
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new technologies or practices. Neill and Lee (2001), Sureshwaran et al.
(1996), and Arellanes (1994) found negative relations between age and
adoption of soil protection measures. Feder and Umali (1993) found that
“older farmers are less likely to use soil conservation practices because
of their shorter planning horizons and the less than perfect capitalization
of yield changes in land prices.” Regarding experience, farmers who
have previously experienced other innovations may have lower levels of
uncertainty about the performance of innovation and, therefore, more
likely to adopt new technology (Abadi Ghadim and Pannell, 1999;
Foguesatto et al., 2020). On education, Lambrecht et al. (2014) did not
find any effect between education levels. However, Feder and Umali
(1993), Pedzisa et al. (2015), and Foguesatto et al. (2020) found that
education has a positive impact on the adoption of soil conservation
technologies.
Second, plot characteristics also have an important effect on adop
tion rates. Lambrecht et al. (2014) found that the quality of the land
matters. For example, sloped plots decreased the chances of farmers
trying out new technologies. In addition, soil quality seems to affect the
probability of adoption. Clay et al. (1998) showed that “farmers tended
to invest in conservation efforts on slopes of medium grade” in Rwanda.
Shively (1997) showed that “adoption of hedgerows was less likely on
parcels with greater soil depth or on older, exhausted parcels” in the
Philippines. Arellanes (1994) and Bonnard (1995) considered the roles
of slope and soil quality in adopting improved soil management prac
tices. Foguesatto et al. (2020) found that land slope, soil color, soil
depth, soil erosion severity, soil fertility, and soil type were significant
factors influencing adopting sustainable agricultural practices (SAP).
Third, there are reasons linked to behavioural characteristics of the
farmers, such as their level of risk aversion, intertemporal discount rates,
and time preferences. Abadi Ghadim et al. (1999) found that personal
discounts rates and time preference influenced farmers’ adoption. Duflo
et al. (2011) found that farmers may procrastinate, postponing fertilizer
purchases periods when they may be too impatient to purchase fertilizer.
Higher discount rates lead to lower adoption rates. Mansfield (1961)
concluded that the economic attributes of farmers determine the adop
tion of innovations.
Fourth, access to markets and capital and credit influences the
adoption rates. Feder and Umali (1993), Doss (2006), and Lambrecht
et al. (2014) found that capital and credit have a positive effect on
adoption rates. According to Chikowo et al. (2014), the data from Tit
tonell et al. (2005) suggests that proximity to markets influences fer
tilizer use. Takahashi et al. (2020) cite Suri (2011), who suggested that
the travel time to seed and fertilizer distributors is a constraint for
adoption. Doss (2006) and Foguesatto et al. (2020) found a positive
correlation between access to markets and adoption.
Fifth, the distance to innovators or social networks can affect adop
tion. Abadi Ghadim et al. (1999), Lambrecht et al. (2014), and Pham
et al. (2021) found that the physical distance to and contact with the
nearest adopter of innovation influence the adoption of new
technologies.
Sixth, farmers’ economic decisions regarding limited resource allo
cation affect adoption. If a farmer owns more than one field, typical of
smallholders in developing countries, he or she may not invest equally in
each field because of their limited natural, human, and economic capi
tal. As a result, some fields may be well protected against degradation,
while others may be left vulnerable to erosion and degradation (Sterk
and Stoorvogel, 2020). Feder and Umali (1993) and Pham et al. (2021)
found that farm sizes have a positive influence on the adoption of con
servation practices; Feder and Umali (1993) also found that farmers who
rent a plot are less likely to adopt new conservation technologies.
However, they also found that “renters were more likely to use conser
vation tillage than full owners.”
Finally, access to information and the quality and quantity of
extension services are crucial in adoption decisions (Doss, 2006; Lam
brecht et al., 2014; Pedzisa et al., 2015; Foguesatto et al., 2020; Taka
hashi et al., 2020; Pham et al., 2021).

All of the above seven reasons focus on the following: existing assets
(human capital and land); access to economic and social resources
(networks, credit, markets, characteristics of the plot, and supply of
extension services); behavioural issues (rate of risk aversion and inter
temporal discount rates). However, they fail to clarify whether they
cause low adoption rates. Sometimes low adoption rates occur because
the technologies proposed are not relevant to the farmer or plot char
acteristics or the problems farmers face. Some technologies successfully
developed in the research lab can fail when implemented on the farm
because the conditions are different (Chikowo et al., 2014). Another
problem is that most of the time, researchers only look for the imple
mentation of a single technology, which does not necessarily contribute
to an overall goal of increasing yields or decreasing production costs
(Chikowo et al., 2014; Takahashi et al., 2020). Also, researchers fail to
recommend the adoption of integrated farm management systems.
Sometimes new technology is recommended to resolve a problem that
this technology cannot resolve. Therefore, it is important to invest the
time to identify the problem and other solutions.
This paper specifically studies the differences in soil perception and
soil variability to evaluate in an ex-ante manner whether these factors
can play a role in the low adoption of agricultural extension packages.
Differences in perception between a farmer and a proxy to the scientist
(such as an enumerator trained by scientists) when it comes to envi
ronmental characteristics, including soils, are examined. Discrepancies
in the perception of soil characteristics may result in a situation where
extension packages are proposed to farmers who do not perceive the
required conditions and farmers who have the appropriate conditions
are not offered the extension package. Soil variability may lead to
similar problems. Extension packages are offered to farmers in a region
with certain representative soil characteristics. However, certain
farmers in the region may have different conditions on their specific
farms making the package inappropriate. We argue that understanding
the real problem that needs to be resolved with the adoption of new
technology or practice is central to increasing adoption rates. Identifying
the problem — specifically providing information to the farmer and
policymakers to understand and perceive the real problem — will
determine the adoption rates of intervention. Soil perception and soil
variability have a critical role to play here. In the case of soil perception,
the farmer does not necessarily perceive problems like soil degradation.
Naturally, in the farmer’s mind, there is no need to adopt new tech
nology to mitigate a problem that does not exist (soil degradation). In
the case of soil variability, an intervention may be appropriate for a
certain region but not for the specific conditions of a specific plot of a
farmer.
2. Materials and methods
2.1. Study area
Central America is one of the most vulnerable regions to disasters
due to its geographical location, high climate variability, exposure to
extreme hazards, and its population’s institutional and socio-economic
weaknesses (FAO, 2015). This paper studies areas in the regions of
Guatemala and Honduras that are part of the Dry Corridor.1 The Dry
Corridor experienced significant droughts, including El Niño and La
Niña. As a result, more than 3.5 million people need of humanitarian
assistance (FAO, 2016). Fraga (2020) cites studies that showed “the
intensity and duration of these climatic events are amplified due to
human-induced degradation of ecosystems, including high rates of

1

The Dry Corridor is a tropical dry forest region on the Pacific side of Central
America, characterized by irregular rainfalls. It has become one of the most
susceptible regions to climate change and variability in the world. The countries
forming the largest part of the Dry Corridor are Guatemala, El Salvador,
Honduras, and Nicaragua (FAO, 2017).
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deforestation and soil erosion” (Van der Zee et al., 2012; Magrin et al.,
2014; ECLAC, 2015; Calvo-Solano et al., 2018). There are two growing
seasons for grains: Primera (April–August) and Postrera (Septem
ber–November). The climate is mostly tropical throughout the area,
although temperatures are lower at higher altitudes in the highlands. In
the areas that belong to Guatemala and Honduras, maize and beans are
the two most important crops.
Guatemala is the third-largest country in the tropical zone of Central
America, with mountainous regions surrounding the total cultivable
area. A vast share of 77% of the country’s arable area is used for agri
culture and forestry (FAO, 2018). According to MAGA (2013), 9% of the
country’s total surface area is part of the Dry Corridor (Fraga, 2020). In
Guatemala, this study was implemented by the departments of Chi
maltenango, Escuintla, Guatemala, Quetzaltenango, Sacatepéquez, San
Marcos, Sololá, and Totonicapán. These departments were selected
because they are part of the Dry Corridor and because the project helped
develop a soil map (1:50,000),2 allowing access to detailed information
for soils.
Honduras, the second-largest country in Central America, is
bordered by Guatemala to the west, El Salvador to the southwest, and
Nicaragua to the southeast. The Dry Corridor is located in the western,
central, and southern areas, occupying around 27% of the country’s
total area (INVEST-H, 2014). According to Silva (2011), 32% of the area
is used for crops and livestock (INE, 2006). This paper studied the areas
in the departments of Choluteca, Copan, El Paraiso, Francisco Morazán,
Intibucá, La Paz, Lempira, Olancho, Santa Barbara, and Valle. These
departments were selected because they are part of the Dry Corridor, the
poorest area of Honduras.

a series of questions answered by both the farmer and the agricultural
specialists. All the questions on perceptions were based on observable
variables, like the land cover, slope, presence of organic matter, surface
stoniness, and texture. For each farmer, an agricultural specialist was
identified for all the plots, the area, and the crops (by plot). If the farmer
manages more than two plots, he/she chooses the more important plot
for bean production for postrera 2017 in Guatemala and Honduras. The
survey sought answers plot by plot. The farmers answered the questions
first, followed by the agricultural specialists answering the same ques
tions. As explained in the following sections, the agricultural specialist
described options for answers to the farmers using images.
In each country, the agricultural specialists had substantial experi
ence conducting agricultural surveys. In Guatemala, the agricultural
specialists knew the local language and were trained for five days on
scientific criteria to identify the characteristics of the soil. During the
training, the agricultural specialists studied all the information on paper.
After that, they worked on practical cases in groups. Group discussions
followed this to dispel any uncertainties. Before fieldwork started, the
agricultural specialists implemented a pilot as individuals after a group
training so that they were all standardized concepts and criteria for
assessing the variables. In Honduras, the authors worked with eight
agricultural specialists and two supervisors divided into two groups. In
Guatemala, the authors worked with four agricultural specialists and
one supervisor.
The survey asked farmers about the characteristics of their agricul
tural plots and land management. The agricultural specialists at each
plot also assessed the characteristics of the same agricultural plots. In
addition to land cover, four soil properties that often play a role in soil
management and interventions were studied: i) slope is the main causal
factor for erosion and can be managed through terracing; ii) soil organic
matter contents are important for crop nutrition and the water holding
capacity and can be managed by mulching and organic fertilizer; iii)
surface stoniness can limit the options for mechanization but is more
difficult to manage; iv) soil texture also plays an important role in crop
nutrition and the water holding capacity, but it cannot be managed.
These properties were also explained to the farmers to generate a
common understanding of these concepts.
The questions were asked in the plot where farmers planted beans in
the postrera of 2017. The questions were multi-choice and close-ended.
The survey was conducted using tablets and the Computer-Assisted
Personal Interview (CAPI) SurveyCTO,4 monitored in real-time to
minimize any measurement error. For each question on perceptions, the
agricultural specialist described and showed the answer options using
images to make the options easy to understand (Fig. 1). The options and
images were based on the app LandInfo (now a module of LandPKS).
Soils were sampled on the agricultural plots where beans were pro
duced. For this purpose, a detailed protocol was developed. The agri
cultural specialists needed to identify the plot they would be using for
the survey and physically move to the specific plot. Only plots that were
no more than 1.5-h-walking distance away were considered. Analysis
was performed on at least five soil samples per plot, depending on the
size and shape of the plot. The samples were roughly taken in the four
corners and one in the center. As shown in Fig. 2, the samples were not
taken on the edges, on the roads, in the ditches, in places of accumu
lation of materials (brush, fertilizers, pesticides, fungicides), or near the
house or a construction site.
Each sample consisted of the first 10 cm of the soil after removing the
top layer with litter. Samples were collected with a small spade. Soil
fertility was estimated for all samples in terms of soil texture, soil pH,
electrical conductivity, and soil organic matter. Soil texture was hand
estimated according to protocols established during the training. For

2.2. Survey design to measure perceptions of farmers
Self-evaluations, such as observational measurement, have impor
tant implications for decisions made by individuals and policymakers,
but they are typically not assessed carefully. However, a comparison is
inherently a dynamic process that could be affected by systematic or
random circumstances. Moreover, self-evaluations are a personal pro
cess; comparisons occur at different times on a range of dimensions, with
consequences that can vary by context and availability of information.
Research across social and clinical psychology has implemented
methods to assess comparisons naturally, involving intensive, repeated
assessments of comparison occurrence, characteristics, and conse
quences. However, very little evidence exists on the potential size of the
measurement error behind those assessments. This paper uses a simple
empirical methodology as an approximation to identify the level of
magnitude of the potential errors in self-evaluations or perceptions by
farmers. The methodology consists of a sequential process in which
farmers are asked detailed questions, and agricultural specialists3 then
respond to the same questions. This allows comparison between a
farmer’s self-evaluation of certain characteristics of their plots and the
same evaluation by the agricultural specialists.
The measurement of soil characteristics and perceptions consisted of
2
In, 2006, the Ministry of Agriculture and Livestock (MAGA) of Guatemala
started a project to develop a semi-detail soil map (1:50,000) in eight de
partments of the country. This map aims to increase the productivity of the soils
by finding out more about their characteristics (resources, limitations), and
which crop and technology might be suitable. This paper shows adequate
conservation practices for the soils in the area. At the time of this research, data
from only three departments were available (Chimaltenango, Sacatepéquez,
and Sololá).
3
In each country, enumerators were trained as agricultural specialists on
scientific criteria to identify the characteristics and variability of soil. This was
done to standardize the concepts and criteria on land cover, slope, soil organic
matter content, and surface stoniness, and to define the presence of different
materials in soil, like sand, clay, and silt. Additionally, they were trained on
using the equipment to measure soil pH and EC.

4

https://www.surveycto.com/.
Fig. 1 shows the answer options for land cover exactly as the producers saw
them. The enumerators provided the sketches of the plots.
5
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Fig. 1. Example of how the land cover was shown to farmers5 from the International Food Policy Research Institute (IFPRI) survey in 2018 in Guatemala and
Honduras as part of the project of the Dry Corridor.

3. Results
This section compares the perceptions of the farmer and the agri
cultural specialist on (a) land cover, which refers to the physical land
covering on the land you are assessing; (b) land slope, which is the rise
or fall of the land surface (FAO, 1985); (c) soil organic matter, which is
the fraction of the soil that is present when a plant or animal tissue
decomposes (Fenton et al., 2008); (d) surface stoniness, which indicates
the soil rocket fragment volume in each plot; and (e) soil texture, which
indicates the relative content of different particles like sand, silt, and
clay.
3.1. Measuring the differences between the perception of the farmer and
what the agricultural specialists identified
Fig. 3 shows the different perceptions of land cover, slope, organic
matter, and surface stoniness between the agricultural specialists (on the
left side) and the smallholder farmers (on the right side) in Guatemala
(left side) and Honduras (right side).
Fig. 3A (land cover) shows that the perception between agricultural
specialists and smallholder farmers is similar on bare soil and cropland
in both countries and on shrubland in Honduras. Major differences in
perception are with the shrubland option in Guatemala. The farmers see
more bare soil than the agricultural specialists. This is also true in the
plots where the agricultural specialists see more crops in Guatemala.
Fig. 3B (slope) shows a huge variance (difference) in the perception
between agricultural specialists and smallholder farmers. The farmers
see their plots with a less steep slope in both countries. When asked if the
plot has different slopes, the agricultural specialists chose the option
that occupies more area in the plot.
Fig. 3C (organic matter) shows the differences between agricultural
specialists and smallholder farmers. The agricultural specialists measure
the presence of organic matter based on the color of the soil (darker
color means major presence). In both countries, the farmers underesti
mate the presence of organic matter in their plots.
Fig. 3D (surface stoniness) shows little difference in the perception of
the two parties. However, in both countries, the perception of the

Fig. 2. Examples of how to distribute the soil samples in the plot from the
survey conducted by the International Food Policy Research Institute (IFPRI) in
2018 in Guatemala and Honduras as part of the project of the Dry Corridor.

each soil sample, soil pH and the electrical conductivity (EC in mS) were
measured with a 1:2.5 soil-water ratio using a GroLine HI98131 Combo
Tester (Hanna Instruments). The equipment was calibrated after 25
samples.
2.3. Sampling
The survey was conducted in Guatemala and Honduras between
March and May of 2018. A random sample of 450 bean farmers in
Guatemala and 685 bean farmers in Honduras were surveyed. This soil
survey was part of a larger experiment organized by the International
Food Policy Research Institute to improve food loss reduction.

95

L. Delgado and J.J. Stoorvogel

Journal of Rural Studies 93 (2022) 92–103

Fig. 3. Observations of Land cover (A), Slope (B), Soil organic matter content (C), and Surface stoniness (D) on agricultural plots in the study area by agricultural
specialists and smallholder farmers in Guatemala (left) and Honduras (right).

presence of stones is lower on the farmer’s side.
Fig. 4 shows a comparison between the perception of the agricultural
specialist on the organic matter content (on the left side) and the
smallholder farmer’s perception of the fertility of each plot (on the right
side) in Guatemala (left side) and Honduras (right side). These graphs
show that 90% of the farmers consider their plots fertile. As mentioned
before, the presence of organic matter was identified using the color of
the soil (dark colors mean presence). Because of the variation of the
results, it looks like the perception of the fertility of the plots is related to
the presence of organic matter, and more yields.
In Figs. 5 and 6, the abundance of materials in the soil measure is
compared by feeling the texture by the agricultural specialists and the
smallholder farmers perception. For the first material in abundance
(Fig. 5), in Honduras, the predominant materials are sand and silt, both
for agricultural specialists and farmers; in Guatemala, the presence of
the three materials is well distributed, finding more differences in

perception. In the case of the second material in abundance (Fig. 6),
more differences were found between agricultural specialists and
farmers in both countries.
Differences in perception between smallholder farmers and agricul
tural specialists showed a similar pattern in the dimensions measured in
Guatemala and Honduras (Table 1). In both countries, the observations
of farmers and surveyors differ significantly for all the variables (p-value
<0.001) when applying a Pearson’s chi-squared test. Cramer’s V showed
a low relation between the perceptions in all the variables.
3.2. Measuring the pH and its variance to see consistency with
government extension packages
Figs. 7, 8A and 8B showed the soil pH calculated by municipality and
categorized with the official classification used in the harmonized world
soil database of 2012. In Guatemala, almost all the municipalities where
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Fig. 3. (continued).

Fig. 4. Comparison between organic matter content by the agricultural specialists and perception of fertility by the smallholder farmers in Guatemala (left) and
Honduras (right).
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Fig. 5. Comparison of the first material in abundance in the soil by the agricultural specialists and smallholder farmers in Guatemala (left) and Honduras (right).

Fig. 6. Comparison of the second material in abundance in the soil by the agricultural specialists and smallholder farmers in Guatemala (left) and Honduras (right).
Table 1
Similarity in observations, Chi-square and the Cramer’s V relation between agricultural specialists and smallholder farmers for different plot characteristics.
Variable
Land cover
Slope
Soil organic matter
Surface stoniness

Guatemala

Honduras

Similarity

Chi-square

Cramer’s V

Similarity

Chi-square

Cramer’s V

60%
47%
41%
79%

253.332
321.515
64.919
239.820

0.34
0.39
0.25
0.47

73%
45%
48%
68%

1000
624.029
108.271
260.469

0.53
0.41
0.24
0.38

Note: Pearson’s chi-squared test rejects equality with prob = 0.000 of perceptions of smallholder farmers and agricultural specialists.

soil samples were made have a pH acid to neutral (5.5–7.2). Only the
municipality of San Jose del Golfo in Guatemala department has an
average pH between 7.2 and 8.5, which means that this municipality is
classified to have carbonate-rich soils (Fig. 7). In this municipality, 60%
of the sampling plots had a pH between 7.2 and 8.5, while the other 40%
had a pH of 5.5–7.2 (acid to neutral soils). As shown in Fig. 8B, the pH in
this municipality had a standard deviation higher than 0.8. The mu
nicipality of San Bartolo of Totonicapan department is categorized with
a pH of 5.5–7.2 (acid to neutral soils). However, it was found that 90% of
the plot had a pH between 5.5 and 7.2 (acid to neutral soils), 5.5% had a
pH between 4.5 and 5.5 (very acid soils), 2.5% of the plots had a pH
between 7.2 and 8.5 (carbonate-rich soils), and 2.5% had a pH higher

than 8.5 (alkaline soils). Fig. 8B shows that the pH had a standard de
viation between 0.4 and 0.6. If an intervention is designed, and the
intervention is related to a modification of the pH or a fertilizer
recommendation at the municipality level, not all farmers will have the
same expected results.
The result of the ANOVA of pH per plot and the average per mu
nicipality (Table 2), indicates a significant difference at 99% of confi
dence; validating what is shown in Figs. 7 and 8 of a significant variance
on the measured pH within municipalities as represented in Fig. 8B,
where it is graphically shown how different the pH is within the same
Municipality.
Figs. 9, 10A and 10B shows the soil pH calculated by municipality
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Fig. 7. Soil pH classes by municipality in Guatemala.

and categorized with the official classification used in the harmonized
world soil database of 2012. For Honduras, three pH classes are pre
sented: a) very acid (4.5–5.5); b) acid to neutral (5.5–7.2); and c)
carbonate-rich soils (7.2–8.5). The municipality of Azacualpa in the
Santa Barbara department had an average pH between 5.5 and 7.2. This
means that this municipality has acid to neutral soils, but 82% of the
sampling plots had a pH between 5.5 and 7.2 (acid to neutral soils), 14%
had a pH between 4.5 and 5.5 (very acid soils), and 4% had a pH lower
than 4.5 (extremely acid soils). As shown in Fig. 10B, this municipality
had a standard deviation of between 0.4 and 0.6. The municipality of
Catacamas in the Olancho department had a pH average of 7.2–8.5, but
60% of the plots had a pH between 7.2 and 8.5 (carbonate-rich soils),
37% had a higher pH between 5.5 and 7.2 (acid to neutral soils), and 3%
had a pH between 4.5 and 5.5 (very acid soils). Fig. 10B shows that the
pH has a standard deviation higher than 0.8. The municipality of Danli
in the El Paraiso department is categorized with a pH of 5.5–7.2 (acid to
neutral soils). However, it was found that 80% of the plot had a pH
between 5.5 and 7.2 (acid to neutral soils), 17% of the plots had a pH
between 4.5 and 5.5 (very acid soils), and 3% of the plots had a pH
between 7.2 and 8.5 (carbonate rich soils), with a pH with a standard

deviation between 0.6 and 0.8. If an intervention is designed, and it is
related to a modification of the pH or a fertilizer recommendation at the
municipality level, not all farmers will have the same expected results.
The result of the ANOVA of pH per plot and the average per mu
nicipality (Table 2) show significant differences at 99% level of confi
dence validating what is shown in Figs. 9 and 10 of a significant variance
on the measured pH within municipalities as represented in Fig. 10B
where it is graphically shown how different the pH is within the same
Municipality.
4. Discussion
The results showed that farmers’ perceptions are not simple. We
found huge variability between farmers and agricultural specialists for
the soil characteristics studied. The soil variability showed that applying
the same technology will not obtain the expected results for all the re
gions studied. The characteristics studied in this paper, and the gov
ernment’s extension packages are described below.
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Fig. 8. A) Soil pH by municipality in Guatemala and B) pH Standard deviation by municipality in Guatemala.
Table 2
The variability of soil pH in municipalities in Guatemala and Honduras as described by an ANOVA.
Source

Guatemala
Partial SS

Model
pH by muni
Residual
Total

Honduras
df

MS

29.27
29.27
58.25

1
1
354

29.27
29.27
0.16

87.52
Observations
Root MSE

355
356
0.41

0.25

F

Prob > F
177.85
177.85

0.00
0.00

R-squared
Adj R-squared

0.33
0.33

Partial SS

df

MS

160.25
160.25
163.96

1
1
607

160.25
160.25
0.27

324.21
Observations
Root MSE

608
609
0.52

0.53

F

Prob > F
593.23
593.23

0.00
0.00

R-squared
Adj R-squared

0.49
0.49

4.1. Soil characteristics
Texture influences the ease with which soil can be worked, the
amount of water and air it holds, and how water can enter and move
through soil (FAO, 1985).
Soil pH, measured in a soil-water solution, is a measure of the acidity
and alkalinity of the soil (Nachtergaele et al., 2009), and it influences the
solubility of nutrients. Soil electrical conductivity (EC) measures the
amount of salt in soil (soil salinity). It affects crop yields, nutrient
availability, crop suitability, and activity of soil microorganisms
(USDA-NRCS, 2019). In both countries, the electrical conductivity was
between 0 and 2 (non-saline). As previously explained, soil analysis was
performed in all the plots of beans surveyed to measure pH and electrical
conductivity.
4.2. Extension packages implemented by governments
The extension packages are important because they improve the
productivity, food security, and access to markets of the farmers.
However, the design of these packages needs to be a dynamic process
between specialists from different fields (soil specialists, crop specialists,
etc.) and farmers (users) and needs to address farmers’ concerns and real
conditions. Farmers generally know about the management of their
crops in their particular context and should also be involved in the

Fig. 9. Soil pH classes by municipality in Honduras.
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Fig. 10. A) Soil pH by municipality in Honduras and B) pH Standard deviation by municipality in Honduras.

variety “Amadeus”6 and fertilizer 12-24-12 (NPK). As the results of this
study indicate, the characteristics of the soils within municipalities
varied, so the impact also varied. It can be argued that a general package
has met some needs of the farmers, but given the variability of the soils
and plots, the expected outcome was not achieved using the package’s
inputs.
In neither country were a farmer’s perceptions and the measuring of
soil pH and their variations are considered in the design of extension
packages. This is disappointing since it was clearly shown that the
farmers’ perceptions must be considered; in some cases, more infor
mation should be provided to farmers to reduce the knowledge/infor
mation gap. If a farmer does not perceive that a problem affects him and
the package (and its designer) does not understand farmers’ real con
ditions, the chances that he/she would adopt a new intervention will be
low, and productivity will remain the same.
Table 3 shows the discrepancies between the farmer and the agri
cultural specialist. It also shows in the last two columns how different
the interventions would have been if the farmers’ perceptions were
taken into consideration relative to what the agricultural specialists
responded to.
Suffice it to say; it is critical to involve farmers in designing and
implementing the new technologies or packages. Not only on integrating
farmer knowledge but also address farmers’ conditions and needs;
because the packages are designed top-down, they may not address
farmers’ real conditions but rather perceptions of those conditions; and
what farmers see as the main priority. A common shortcoming is that the
packages do not consider that farmers may not be able to invest the
capital or time needed to implement the packages. However, at the same
time, it is necessary that more information is provided to farmers and
that the packages include technical assistance to ensure the correct use
of inputs and on time.
Given the limited technical assistance, it is important to use infor
mation and communications technology (ICT) to approach more
farmers. New technologies must be available in local languages and with
examples that make sense in the local context. Additionally, efforts
should be made to use the local networks to promote new technologies
and improve extension services (Banerjee et al., 2016; Martini et al.,
2017).

design of the packages because they are the intended adopters. In most
cases, the technology used will resolve their problems (Bellon, 2001),
but this will only happen if the packages meet their needs or conditions.
The farmers’ knowledge of new technologies could be inadequate, but
they would be willing to incorporate new information and technologies
provided by extension workers and others (Bellon, 2001).
4.3. Characteristics of government packages
In Guatemala, the subsidy for the acquisition of agricultural inputs
program was coordinated by the Ministry of Agriculture, Livestock, and
Food (MAGA). The objective was to support the subsistence populations
by allowing the beneficiaries to acquire agricultural inputs to increase
family agricultural production, contributing to food security. This pro
gram provided a coupon for two hundred quetzals (around $25.00),
which could be exchanged in a local store specializing in agriculture.
The manual of this program did not specify the products to be given out.
Program information was available only for the period between 2016
and 2018.
There was little information on the criteria for receiving money
provided for the technological package. It is also unclear whether the
specialized local stores followed any technical criteria to recommend or
distribute products — for instance, by zone or by crop. As such, it can be
argued that if a farmer chose the inputs and if his/her perception was
correct, the farmer would have chosen inputs that would have addressed
the specific problems or needs he/she had. In short, the farmer had the
option to personalize the package.
In Honduras, the productive solidarity bonus is a program run by the
Directorate of Agricultural Science and Technology (DICTA) of the
Ministry of Agriculture and Livestock (SAG). This program was imple
mented beginning in 2010. The program provides supplies, technical
assistance, training, and financing to families who produce basic food
and grow basic grains. The goal is to increase food security and improve
the quality of life of small farmers. DICTA proposed using appropriate
technologies to increase the production and productivity of basic grains
so that surpluses can be sold in the market and raise farmers’ income.
The program components: (a) a solidarity voucher that provides
improved seeds and fertilizers to sow a manzana of basic grains; (b)
technical assistance and training provided by DICTA; and (c) financing
to incorporate technology into farming to increase production and
productivity in the grain-producing sector.
The technological package was designed by the SAG at the national
level. It provides improved seeds and a combination of fertilizers (NPK)
for maize and beans. For beans, the package consisted of certified seed

6
“Amadeus” is a red bean variety with a 73–75 days crop cycle. It is resistant
to the golden mosaic virus and common mosaic virus. It is moderately tolerant
to rust, Anthracnose, common bacteriosis, web blight, and angular leaf spots. It
yields approximately 28 quintals per manzana.
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Policymakers have questions about improved technologies and the
rate of adoption. A lot of research has been undertaken to find solutions
to improve the problems faced by the farmers. Such problems relate to
improving productivity (using fertilizers, improved seeds, tools, etc.)
and managing soil degradation (using terraces, irrigation, soil organic
matter, etc.). However, most of the solutions fail because they do not
consider the farmer’s perceptions and the variability of the landscape.
Strategies that do not consider farmers’ perceptions are unlikely to be
effective. The specialists’ and farmers’ knowledge may be often correct
but different and based on their unique perspectives which not neces
sarily match the ones of the farmer (Wartenberg et al., 2018).
Farmers’ perceptions are not simple. Not only does it refer to being
aware of the existence of new technologies, but it also means under
standing the real problem that needs to be resolved. For example, if a
farmer perceives that his/her soil has lower pH and wants to neutralize
the acid, then he can decide to use fertilizers with more aluminium
sulphate and sulphur. If the farmer’s perception of the problem is wrong,
then he/she will not get the expected result. This will lead the farmer to
reject the adoption of the inputs. On the other hand, the farmer’s
perception could be correct, but the packages provided by the govern
ment, or the agro-dealers could be inappropriate to meet the farmer’s
needs. This will also affect the farmer’s decision to adopt the package.
This element of perception will increase risks and uncertainty, which
explains low adoption rates (Abadi Ghadim et al., 1999; Marra et al.,
2003).
The government’s extension packages do not necessarily reflect the
reality of the plots. Measuring the pH and electrical conductivity of soils
will provide information to guide how much of the inputs should be
used. For example, in Honduras the government supplied a fertilizer
package that did not consider the pH and EC of the soils. As a result, the
farmers who took the risk of adopting it did not gain the expected pro
ductivity. So, the farmers’ future adoption rates could be low. Another
issue is that the technological packages do not incorporate the different
elements needed to obtain the expected productivity.
Based on the results, the direct measurements (pH) and the indirect
measurements (perceptions) are similarly developed among farmers
producing beans in Guatemala and Honduras. However, the level of
magnitude in the similarities cannot be assumed to be the same; there
fore, the same technology will not have the same effect in both coun
tries. It cannot be assumed that a particular technology is going to have
the same effect at the national level.
Concerning the extension packages, there are two scenarios to
consider: (a) not all the farmers are going to have the same result with
the same intervention.; (b) a group of farmers will be excluded from
adopting the intervention because their areas are considered unaffected.
In summary, policymakers, extension agencies, and the designers of
the extension packages need to take into consideration the perceptions
of farmers when developing interventions. Government policies need to
respond to the reality farmers face and aim to reduce the information
gap.

43%
43%
11%

17%
9%
0%

32%
69%
13%

31%
34%
20%

9%
17%
0%

% of municipalities where it’s recommended to do an intervention by
agricultural specialists if the municipality has more than 50% of the
plots with the problem

22%
57%
0%

5. Conclusions

% of municipalities where the farmer
reports the problem at the plot level

31%
29%
19%

39%
59%
17%
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