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Abstract

In Pamplona, Norte de Santander, strawberry (Fragaria x ananassa Duch) producers face a dual challenge: ensuring
the safety of their products and conserving natural resources. Nine farms belonging to the Association of Rural
Women (ASMUR) were assessed, representing approximately 20 % of the total affiliated production units within the
association. The level of implementation of Good Agricultural Practices (GAP) was analysed in accordance with
the 2020 Resolution of the Colombian Agricultural Institute (ICA), alongside sustainable soil management as per the
Food and Agriculture Organization (FAO) guidelines on good practices for the management and sustainable use of
soils in rural areas. Field tests and laboratory analyses were carried out to evaluate soil quality. The results revealed
that none of the farms meet the requirements for GAP certification, with notable limitations in infrastructure, training,
personnel protection, and traceability. On the other hand, the soils exhibited high organic matter content, acidic pH,
and low biological activity. To overcome these limitations and achieve GAP certification, it is crucial to develop a
specific action plan, provide advisory and training in GAP and sustainable soil management, make investments in key
infrastructure, implement soil monitoring, adjust pH with amendments, encourage agroecological practices, promote
the use of bio-inputs, and establish partnerships with entities for access to resources and technical-financial support.
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1 Introduction

Agricultural production assumes a pivotal role for both re-
gional and national economy, and for food security. How-
ever, the escalating demand for food and the increase in con-
ventional agricultural practices have given rise to substantial
concerns regarding environmental impact and human health
(Robertson, 2015; FAO, 2017; Friedrich, 2022; Sumberg &
Giller, 2022). These concerns are closely linked to the ex-
cessive use of chemical inputs and unsustainable practices,
ranging from the depletion of biodiversity through monocul-
tures, to soil and water pollution from pesticides and fertil-
isers. Furthermore, the emission of greenhouse gases makes
a significant contribution to climate change (FAO, 2016;
Sumberg & Giller, 2022).

In this context, Good Agricultural Practices (GAP) stand
out as a fundamental tool to promote sustainable food pro-
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duction by focusing on the sustainable management of nat-
ural resources essential for agriculture (FAO, 2012a; b).
GAP addresses principles, standards, and technical recom-
mendations aimed at ensuring the safety and health of food
and agricultural products, promoting sustainability at all
stages of production. The main objectives of these practices
are to ensure the safety and quality of products, enhance the
management of natural resources and working conditions,
and create market opportunities (Global G.A.P., 2016). In
rural agriculture, GAP is crucial for sustainable food pro-
duction, environmental protection, and the quality of life of
farmers, contributing to productivity and food security (Vel-
ten et al., 2015; Guerrero & González-Pedraza, 2021; Flórez
& Ochoa, 2022).

On the other hand, the use of sustainable soil manage-
ment practices is essential, as soil quality plays a critical role
in food production (FAO & GTIS, 2015). These practices
can reduce long-term costs, enhance crop productivity, and
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mitigate negative environmental impacts such as soil erosion
and pollution (Cortés & Acevedo, 2019). Sustainable soil
management also bolsters crop resilience to diseases and
adverse weather conditions, thereby increasing long-term
profitability and economic sustainability (FAO, 2012a, b;
Ezeaku, 2015; OECD, 2015; Carvajal & González-Pedraza,
2021; Chaguala, 2022).

Colombia ranks third among Latin American countries in
terms of fruit crop area, with strawberries being one of the
most prominent. Between 2015 and 2020, the area ded-
icated to strawberry cultivation in Colombia increased by
an impressive 59 %. Within this context, Norte de Sant-
ander emerges as the third-largest strawberry-producing de-
partment nationally, contributing 6 % to the country’s total
production. Over the past five years, there has been a not-
able 38 % increase in strawberry production in this region,
further highlighted by one of the highest yields per hectare
nationwide. Specifically, within the department, strawberry
production in the municipality of Pamplona is a significant
agricultural activity of both economic and social importance
to the region, ranking as the second-largest municipality in
strawberry production for the year 2016 (Ministerio de Ag-
ricultura y Desarrollo Rural, 2021).

Pamplona enjoys a favourable climate for strawberry cul-
tivation, with average annual temperatures of 12-15°C, rela-
tive humidity of 60-75 %, and annual rainfall of 1000–1500
mm (IDEAM, 2014; DANE, 2018). Predominant soils con-
sist of sandy and sandy loam textures, providing good drain-
age, with pH levels ranging from 5.7 to 6.5 and organic mat-
ter exceeding 10 % (IGAC, 2012).

Farmers in Pamplona primarily engage in the cultivation
and commercialisation of strawberries for fresh consumption
due to demand at both local and national levels. Strawber-
ries grown in this region are renowned for their quality and
flavour, making them highly valued in the market. However,
one of the challenges affecting strawberry crop production
is the presence of various pathogenic agents responsible for
diseases that lead to a significant reduction in yields. Also,
the high dependency on chemical products and the limited
use of biological products represents problematic aspects for
cultivation in this area (Castellanos et al., 2019; Mahecha et
al., 2019; Cruz et al., 2022). Additionally, the soils where
strawberries are cultivated in the area are typically acidic,
with high percentages of organic matter (>10 %), high levels
of nitrogen, and low levels of phosphorus, along with mod-
erate values of calcium and magnesium (Cruz et al., 2022).

In Pamplona, Norte de Santander, Colombia, fruits
and vegetables producer associations are indispensable
for the sustenance and development of local agriculture.
Notably, the Colombian Horticultural Association (ASO-

HOFRUCOL) and the Pamplona Agricultural Producers As-
sociation (ASPAGRO) stand out, aggregating producers of a
wide variety of fruits and vegetables, thus driving improve-
ments in production, marketing, and the training of their
members. However, the Association of Rural Women (AS-
MUR) is distinguished by its exclusive dedication to straw-
berry cultivation, a crop of significant economic and cultural
value to the region. ASMUR focuses not only on promot-
ing strawberry production but also on empowering women
in the rural sector, equipping them with tools and knowledge
to optimise their agricultural techniques, achieve sustainab-
ility, and expand their markets.

The specialisation of ASMUR in strawberries facilitates a
more effective approach to the distinctive challenges presen-
ted by this crop, including aspects of agronomic manage-
ment, control of pests and diseases, and practices following
harvest. This contributes substantially to the socio-economic
development of rural women and their families in Pamplona.

Nevertheless, in the Monteadentro village, there are chal-
lenges related to the lack of adoption of GAP and improper
soil management, negatively impacting the quality and pro-
ductivity of crops, as well as the health of people and the
environment (Castellanos et al., 2019; Vega et al., 2019;
Cruz et al., 2022). As a result, it is relevant to highlight
that within the 2020-2023 development plan of the municip-
ality of Pamplona, the importance of certification in good
agricultural practices is emphasized (Alcaldía de Pamplona,
2020).

Within this framework, the University of Pamplona, to-
gether with its Faculties of Agricultural Sciences and Basic
Sciences, has undertaken a commitment to the agricultural
sector focused on improving the productive environment.
This commitment includes the dissemination of innovative
technologies and the refinement of existing ones, based on
scientific evidence, which is crucial for the advancement
of priority production chains in the competitiveness agenda
of Norte de Santander. As part of this effort, the exten-
sion project "Strengthening productivity and competitive-
ness through biological alternatives for cleaner strawberry
and pea production, implementing GAP on the farms of agri-
cultural producers in Pamplona" was launched. The main
objective of this project was to create a technical and pro-
ductive training programme, using the Farmer Field School
(FFS) methodology, to enhance the implementation of GAP
among strawberry producers in Pamplona, with special em-
phasis on the Monteadentro village due to its significant role
in strawberry production, both in terms of cultivated area and
productivity. Therefore, this study presents the results of the
level of implementation of GAP as well as sustainable soil
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management for cleaner production on strawberry farms be-
longing to ASMUR, Norte de Santander.

2 Materials and methods

2.1 Research design

A qualitative research approach was employed in the
field, complemented by quantitative data, to assess the im-
plementation of GAP and soil quality on strawberry farms
owned by the Association of Rural Women of the Pamplona
Province (ASMUR) in the Monteadentro village, municip-
ality of Pamplona, Norte de Santander. Monteadentro is
one of the largest strawberry producers in the municipality
of Pamplona, and ASMUR is the only organisation exclus-
ively committed to supporting the empowerment of women
involved in strawberry production in the area. The focus was
on identifying physical, chemical, and biological indicators
to develop a management plan that enhances GAP and pro-
motes sustainability in soil utilisation.

2.2 Population

The population was defined by the Association of Rural
Women of the Pamplona Province (ASMUR), comprising
40 affiliated women, each of whom owns a farm. This as-
sociation was created in 2021 as a strategy to obtain govern-
mental resources for the improvement of strawberry produc-
tion. This allowed them to be beneficiaries of a project titled
"Enhancement of Strawberry Production in the Municipality
of Pamplona," with the aim of elevating the quality of straw-
berries at every stage, from cultivation to commercialisation.

2.3 Sample

A representative sample of 22.5 %, equivalent to nine
out of the 40 ASMUR farms, was taken. These selected
farms underwent a diagnostic assessment to evaluate the im-
plementation of GAP. Additionally, soil profiles were de-
scribed in the field, and laboratory analyses were conducted
to identify soil management practices.

2.4 Farm locations and management

The selected farms are situated at altitudes ranging from
2619 to 2839 m asl, with slopes varying between 23 % and
59 %. These farms have sizes ranging from 2 to 6 ha and are
primarily dedicated to strawberry cultivation, with second-
ary crops including peas (Pisum sativum L.), native pota-
toes (Solanum betaceum Cav.), and black potatoes (Solanum
tuberosum L.).

Strawberry cultivation in the Monteadentro village is man-
aged conventionally, starting with soil preparation through

mechanical tillage to decompact and homogenise its texture,
thus creating an optimal seedbed. This process includes the
construction of cultivation beds and drainage systems. Irri-
gation is performed via sprinkler systems, adjusted visually
by the farmers according to the crop’s water needs, and cer-
tified varieties suited to local conditions such as ’Ventana’,
’Sabrina’, ’Albión’, and ’Festival’ are used.

A key practice is mulching with black plastic, which pro-
motes soil solarisation to effectively control pests, diseases,
and weeds, preparing the ground for a planting density of
about 54,500 plants per hectare after a month of sealing. Fer-
tilisation combines chemical formulas and poultry manure,
without frequent soil analysis. Phytosanitary management
includes pesticides against a wide range of pests and patho-
gens.

Weed control is achieved with herbicides and manual
weeding, complementing cultural practices such as pruning
to maintain the vitality of the crop and encourage the growth
of new inflorescences. The first harvests occur approxi-
mately five months after planting, with collection every two
days and post-harvest processes that ensure the fruit’s qual-
ity. It is important to note that, in these small-scale farms,
family labour predominates, resorting to external workers
only for specific tasks such as sowing and harvesting.

2.5 Assessment of the implementation level of GAP

The implementation of GAP was evaluated on nine farms
using a survey established in Resolution 082394 of 2020
by the Colombian Agricultural Institute (ICA, 2020), which
defines 57 requirements. These are divided into seven fun-
damental requirements, 37 major requirements requiring an
85 % compliance rate, and 13 minor requirements with a
minimum compliance of 60 %. Eight components were
examined, including areas and facilities, equipment, utensils
and tools, environmental aspects, propagation material, crop
nutrition, crop protection, personnel, and traceability and
traceability of the production process of the products ob-
tained.

2.6 Diagnosis of sustainable soil management on straw-
berry farms

To assess sustainable soil management, indicators of soil
quality and health were employed following the Good Prac-
tices Guide for the Management and Sustainable Use of Soils
in Rural Areas (FAO & MADS, 2018). A mini-profile pit
measuring 60 cm x 60 cm x 60 cm was opened in each farm,
and the first two soil horizons were described. Physical in-
dicators such as texture, surface compaction, structural sta-
bility, and odour were evaluated, along with chemical indic-
ators including organic matter, pH, and electrical conduct-
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ivity. Biological indicators such as the presence of earth-
worms, roots, and other factors were also observed. These
indicators were rated on a scale of 0 to 9, where 0-3 indicates
poor-quality soils, 4-6 signifies soils of moderate quality, and
7-9 denotes good-quality soils.

2.7 Physicochemical analysis of soils

2.7.1 Soil texture

Soil texture was determined following the Bouyoucos
method by Gee & Bauder (1986). This method involves
shaking a soil sample in a solution containing sodium hexa-
metaphosphate and water as a dispersing agent. After shak-
ing the solution, readings were taken with a hydrometer at
40 seconds and after two hours of settling, considering tem-
perature corrections. The percentages of sand, silt, and clay
were calculated using the following formulas:

silt + clay (%) =
hydrometer reading corrected at 40”

weight of dry soil
× 100

clay (%) =
hydrometer reading corrected at 2 h

weight of dry soil
× 100

% Silt = (percentage of silt + clay) – (percentage of clay)
% Sand = 100 – (percentage of silt + clay).

2.7.2 Soil pH

The methodology of McLean (1982) was followed for soil
pH analysis. Ten grams of dry and sieved soil (<2 mm) were
taken and mixed with 20 mL of distilled water. After shak-
ing for five minutes and allowing it to settle for ten minutes,
the pH was measured directly in the suspension with a pre-
viously calibrated glass electrode.

2.7.3 Total soil organic matter

Organic matter was determined using the ignition loss
method by Westman et al. (2006). Ten grams of dry and
sieved soil (<2.00 mm) were weighed. These were placed
in a porcelain crucible and dried in an oven at 110°± 5° C
for approximately one hour to remove moisture. Then, the
crucible with the sample was subjected to a temperature of
445°± 10° C in a muffle furnace for six hours. After ignition,
the corresponding weight was recorded. The percentage of
organic matter (% OM) was calculated using the following:

total soil organic matter (%) =
A − B
A −C

× 100

Where: A = Weight of the crucible and dry soil before igni-
tion; B = Weight of the crucible and dry soil after ignition;
C = Weight of the crucible, rounded to 0.01 g.

2.8 Management plan for improving the implementation of
GAP and sustainable soil use

In collaboration with the women project leaders, a parti-
cipatory management plan was developed to enhance GAP
and promote sustainable soil management. This plan was
based on the deficiencies identified during the diagnosis
and characterisation phase. Recommendations were made
in accordance with the guidelines established in Resolution
082394 of 2020 (ICA, 2020) and the Good Practices Guide
for the Management and Sustainable Use of Soils in Rural
Areas (FAO & MADS, 2018).

2.9 Statistical analysis

Descriptive statistics were employed to analyse soil data,
including pH, organic matter, sand, silt, and clay, calculating
average values, standard deviation, maximum, and minimum
values. To assess compliance with GAP, the data were tabu-
lated, and the percentage of compliance for each component
on the farms was determined. Statistical processing was car-
ried out using the SPSS version 25 program for Windows
(IBM, 2017).

3 Results

3.1 Level of Implementation of GAP

Fig. 1 illustrates the average overall compliance percent-
age with GAP across the nine farms under study. Based upon
this data, the farms with the highest compliance percentages
were El Guásimo, El Pedregal, and La Aguaita. Neverthe-
less, it is critical to note that no farm reached or exceeded the
85 % compliance threshold, which might be contemplated as
an ideal or requisite benchmark for GAP certification. In ad-
dition, the ranges of standard deviation indicate a high de-
gree of variability in the adherence to each of the GAP com-
ponents within the farms.

Fig. 1: Average percentage of overall compliance with GAP re-
quirements according to ICA guidelines in the nine evaluated
farms.
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The percentage of compliance with various components
assessed on the farms is illustrated in Fig. 2. The results indi-
cate that the environmental component achieved the highest
compliance percentages (>50 %), followed by propagation
material, crop nutrition, equipment, tools and utensils, and
crop protection. In contrast, areas and facilities, and the per-
sonnel component show a low compliance percentage, with
traceability achieving 0 % compliance.

Fig. 2: Overall compliance of the components of GAP in the nine
evaluated farms.

A percentage compliance analysis of the seven compon-
ents of the GAP was conducted to analyse the components
with the highest and lowest compliance. The farms El Nogal,
El Guásimo, and El Pedregal exhibited the highest compli-
ance percentages with GAP. El Nogal and El Guásimo farms
showed similar patterns of high compliance in various com-
ponents, among which crop protection stands out with 80 %,
demonstrating excellent management in protecting crops
against pests and diseases. The components Equipment,
Utensils and Tools, Environmental Component, Propagation
Material, and Crop Nutrition exhibited compliance percent-
ages above 60 %, evidencing that both farms carry out proper
management and maintenance of their equipment, utensils,
and tools, implement practices that support environmental
sustainability, use high-quality propagation material, and ap-
ply fertilisation and crop nutrition practices.

For its part, La Vega and La Ramada farms exhibited in-
termediate compliance percentages and high similarities, es-
pecially in components related to equipment, utensils, and
tools, environmental aspects, material propagation, and crop
nutrition. The third group comprised La Esperanza, La Osa
1, and La Osa 2, which showed the lowest compliance with
GAP components (Table 1).

In relation to the study of the level of implementation of
GAP on strawberry-producing farms belonging to the AS-
MUR, none of the evaluated farms fully complied with the
seven fundamental requirements mandated by ICA Resolu-
tion. In relation to the "Areas and Facilities" component,
only La Aguaita farm has sanitary facilities and handwash-
ing systems for workers that meet the minimum hygiene and

pollution prevention conditions. None of the farms has an
area for the temporary storage of harvested products or meets
the water quality assessment requirements.

Regarding the "Crop Nutrition" component, four farms
have documented procedures for the preparation of organic
fertilisers. Only two farms maintain records of all pesticide
applications, and three farms have the necessary protective
equipment for pesticide application, as well as a separate
storage area for products and housing. In relation to the
major requirements, all farms have permits from relevant au-
thorities to use water sources for irrigation and processes and
comply with the permitted volumes according to records.

Almost all farms, except for La Esperanza, have areas for
storing agricultural inputs with solid structures, appropriate
roofs, and lighting. These areas are separated from housing,
food storage, packaging material for agricultural products,
flood-prone areas, and water sources. In eight farms, the wa-
ter source used in agricultural activities was identified, and
agricultural inputs have registration from ICA and are pur-
chased from stores authorized by this entity. In seven of the
farms (except El Pedregal and La Esperanza), no garbage
or accumulated waste was found, and pesticide containers
undergo the triple-rinse process and are then rendered un-
usable (perforated) without destroying the label, following
necessary precautions.

None of the farms met the major requirements, which in-
clude the lack of informative signs about cleanliness and hy-
giene, the absence of informative signs about preventing haz-
ards related to agricultural inputs and personal protection,
the lack of records of maintenance and cleaning activities,
the absence of risk assessment in the area and the lack of
an action plan to mitigate them, the lack of records of com-
post preparation and a plan for phytosanitary protection of
the crop under the principle of Integrated Pest Management
(IPM), the absence of an emergency or contingency manage-
ment plan, and the non-implementation of a traceability plan
to monitor products.

In seven out of the nine evaluated farms (excluding La Osa
1 and La Osa 2), minor requirements related to the rational
management of water in irrigation systems, proper handling
of plant material from phytosanitary pruning, and the prac-
tice of crop rotation were met. Additionally, in five farms
(La Vega, El Nogal, La Ramada, El Guásimo, La Aguaita),
it was observed that equipment and tools are kept in good
condition and cleanliness. However, none of the farms meet
the following minor requirements: the absence of a first aid
kit, the lack of a multipurpose fire extinguisher in a visible
location, the absence of a list of Maximum Residue Lim-
its (MRL) established in Colombia, and the lack of a docu-
mented continuous training plan for personnel.
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Table 1: Percentage compliance of indicators for each of the components of Good Agricultural Practices in the nine farms studied.

Farms

1 2 3 4 4 6 7 8 9

GAP components Percentage compliance of indicators

Areas and facilities 6.3 18.8 31.3 12.5 6.3 18.8 0.0 0.0 25.0
Equipment, utensils, and tools 33.3 66.7 33.3 0.0 33.3 66.7 0.0 0.0 66.7
Environmental component 66.7 66.7 100.0 33.3 66.7 66.7 0.0 0.0 66.7
Propagation material 66.7 66.7 33.3 0.0 66.7 66.7 0.0 0.0 33.3
Crop nutrition 33.3 66.7 50.0 0.0 33.3 66.7 16.7 33.3 16.7
Crop protection 0.0 80.0 20.0 0.0 0.0 80.0 0.0 0.0 60.0
Personnel 0.0 33.3 33.3 0.0 0.0 33.3 0.0 0.0 0.0
Total 29.5 57.0 43.0 6.5 29.5 57.0 2.4 4.8 38.3

Farm 1. La Vega; 2. El Nogal; 3. El Pedregal ; 4. La Esperanza; 5. La Ramada; 6. El Guásimo; 7. La Osa 1;
8. La Osa 2.; 9. La Aguaita.

The main strengths on the farm are focused on crop pro-
tection, including staff training in pesticide handling and the
use of chemicals permitted by the ICA. Regarding the en-
vironmental component, strawberry producers demonstrate
awareness by complying with regulations, such as identify-
ing water sources for various tasks on the farm, obtaining
water use permits, and implementing rational water resource
management. The main deficiencies found include the lack
of adequate protective equipment, the absence of a docu-
mented training plan for staff, and the lack of an emergency
or contingency management plan.

None of the farms complied with the traceability compon-
ent, which refers to the ability to trace the history and ori-
gin of a product throughout its supply chain (FAO & OMS,
2023). According to ICA (2017) traceability involves main-
taining documentary records that include information about
the origin of materials and parts used, as well as the history
of processes applied to the product.

No documents were found on any of the farms that would
allow verification of crucial information such as site, plot, or
greenhouse identification, product or variety name, harvest
date, quantity produced per site or plot, and immediate cus-
tomer. Although the farmers are aware of this information,
they do not keep corresponding records.

The lack of monitoring in the supply chain processes is
a common issue, especially among small-scale producers,
which can result in a decrease in the quality and performance
of products. Therefore, it is crucial to supervise and control
the stages of acquisition, distribution, and transformation of
the supply chain to ensure food quality, especially in opera-
tions experiencing significant variations (Herrera & Orjuela,
2012).

3.2 Soil evaluation in different farms

The soils of the nine analysed farms exhibit various tex-
tural classes, with variations in pH and organic matter con-
tent at the two depths assessed. pH levels range from ex-
tremely acidic in some farms to moderately acidic in others.
Organic matter varies from sufficient to very high and gen-
erally decreases with soil depth, except in two farms. The
soils in these farms are shallow due to the slope of the ter-
rain (Table 2).

Indicators of soil quality and health were assessed using
the Good Practices Guide. The presence of earthworms in A
and B horizons was deficient in most farms. Organic matter
in the A horizon was rated as good in most farms, but in
the B horizon, El Pedregal, La Vega, and El Guásimo farms
received poor or fair ratings. Soil texture (loam, clay loam,
silt loam, and sandy loam) received the highest ratings across
all farms (Fig. 3).

Regarding root presence, El Pedregal and La Aguaita
farms had a fair rating in horizon A, while the other farms
were rated as good. In horizon B, El Guásimo and La Vega
had poor quality in terms of root presence, while El Nogal,
La Osa 1, and La Osa 2 received a fair rating. In the remain-
ing farms, this indicator was good. The soil odour was rated
as fair or good in all farms, indicating the absence of poor
drainage problems. Structural stability was considered poor
only on El Nogal farm, while in the other farms, it was rated
as fair or good. The overall condition of the plants was good
in all farms (Fig. 3).

The low acidic pH of the soils as well as conventional
management practices, such as the application of agrochem-
icals, may be negatively affecting the development of earth-
worms in strawberry production farms and could contribute
to the low presence of earthworms on the farms. A cor-
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Table 2: Physicochemical properties of the soils in the nine strawberry-producing farms in Monteadentro village.

Soil depth SOM Clay Silt Sand Texture
Farm Horizon (cm) pH (%) (%) (%) (%) class

La Vega A 9.5 5.3 6.8 18 22 60 Loam
B 14.8 4.9 5.8 19 23 58 Loam

El Nogal A 19.5 4.5 11.7 29 29 42 Loamy silt
B 13.5 5.4 11.5 36 24 40 Loamy clay

El Pedregal A 12 5.9 9.6 19 21 60 Loamy sand
B 15 5.14 11.2 26 26 48 Loam

La Esperanza A 30 5.6 25.9 26 24 50 Loam
B 25 4.9 12.5 22 26 52 Loam

La Ramada A 18.8 5.3 10.9 29 23 48 Loamy clay
B 8.5 4.9 9.5 27 23 50 Loam

El Guásimo A 10.8 6.1 18.2 30 24 46 Loamy clay
B 22 4. 8 14.1 44 28 28 Clay loam

La Osa 1 A 13 4.9 12.7 27 25 48 Loam
B 13 4.3 12.7 32 18 50 Loamy clay

La Osa 2 A 15 4.7 15.5 28 16 56 Loam
B 15 4.6 14.9 29 21 50 Loam

La Aguaita A 10 4.6 20.2 24 26 50 Loam
B 16 5.5 6.9 29 23 48 Loam

Mean 5.1 12.8 27.4 23.4 49.1
Standard deviation 0.5 4.9 6.2 3.2 7.5
Maximum 6.1 25.9 44.0 29.0 60.0
Minimum 4.3 5.8 18.0 16.0 28.0

SOM: Soil organic matter.

Fig. 3: Soil quality in two horizons (A and B) in the nine strawberry-producing farms. Scale for interpreting soil quality indicators: Poor:
1-3; Regular: 4-6; Good: 7-9.

relation analysis was conducted, showing significantly posi-
tive relationships between organic matter and soil structural
stability (R2=0.674), and between soil texture and odour
(R2=0.931), surface compaction (R2=0.754), and deep com-
paction (R2=0.858).

4 Discussion

According to the findings of this study, strawberry produ-
cers in Pamplona face a significant challenge: the lack of in-
centives for adopting GAP. It is crucial to note that the Devel-
opment Plan for the Municipality of Pamplona (2020-2023)
highlights GAP certification as a vital indicator (Alcaldía de
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Pamplona, 2020). This underscores the importance of GAP
within local governance and strategic goals. In this sense,
the Association of Rural Women of the Pamplona Province
has benefited from a project aimed at enhancing the quality
of strawberries at every stage, from cultivation to commer-
cialisation. Nevertheless, producers from ASMUR in the
Monteadentro village report that despite receiving training
in GAP, there is a pressing need for further support, includ-
ing practical activities and, critically, financial incentives to
pursue GAP certification effectively.

Achieving GAP certification would enable these straw-
berry growers to access international markets, enhance the
quality of their products, and improve the efficiency of re-
source use such as water and fertilisers. This would con-
tribute to long-term cost reductions and help reduce the en-
vironmental impact of agricultural activities. Additionally,
such certification ensures the safety of food products for
consumption and facilitates access to both local and inter-
national incentives and financial support.

However, this project currently faces limitations, specific-
ally a lack of budget allocated for the necessary farm modi-
fications to meet certification standards. This gap highlights
a critical barrier that could prevent producers from integ-
rating into more robust marketing chains, including export
markets. The University of Pamplona is addressing some
of these challenges through an extension project aimed at
bringing strawberry producers closer to GAP certification.
This initiative provides essential training and support, posi-
tioning it as a key player in overcoming the barriers to certifi-
cation and enhancing the overall sustainability of strawberry
production in the region.

Similarly to this study, the adoption of Good Agricultural
Practices (GAP) in Colombia has been limited by the high
cost of investment in agricultural infrastructure (Gutiérrez-
Guzmán et al., 2012); a lack of incentives and difficulty in
securing better market prices (Martínez et al., 2019); reli-
ance on both governmental and non-governmental financial
support for the expansion of sociotechnical projects (Ortiz et
al., 2017; Tatis et al., 2021); and deficiencies in extension
services as well as difficulties in accessing credit and loans
(Martínez et al., 2022).

In relation to the soil assessment, it was found that the low
pH of the soils in strawberry-producing farms in Pamplona
is attributed to high precipitation, organic matter content,
and the frequent application of chicken manure by produ-
cers. Although organic matter levels are considered high in
tropical conditions, in cold climates at altitudes above 2000
m asl, these values are common (Osorio, 2012). Previous
studies in the region showed acidic pH in forest and pasture
soils but neutral pH in intensive cultivation soils, suggesting

the practice of liming. Soils with similar textures and high
organic matter contents were also found (Valenzuela & Vis-
conti, 2018).

Another study in similar climatic conditions in Pamplona
found slightly acidic pH values and low levels of organic car-
bon, associated with soil management practices, with limited
inputs of organic matter compared to strawberry producers in
the area (González-Pedraza et al., 2023).

To carry out the enhancement of the components required
by the ICA regulations, it is essential to provide ongoing
training through entities or associations on the importance of
GAP certification. In cases where farms lack specific areas
designated for this purpose, it is advisable to, together with
farm managers, identify, locate, and construct these areas in
accordance with the current ICA regulations. Furthermore,
maintaining a high level of hygiene in these facilities is cru-
cial to prevent accidents, intoxications, and contamination,
thus ensuring the safety of the products. A detailed record of
all maintenance and cleaning tasks should be kept, following
established protocols and procedures.

The traceability component, currently not met by any
of the farms, should commence from the production units,
where all activities related to strawberry production, includ-
ing dates, responsible parties, and inputs used, among oth-
ers, must be documented. Additionally, it is imperative to
ensure that each link in the chain possesses the necessary
legal documentation to avoid potential issues when market-
ing the product. To enhance the biological activity of the
soil on farms, it is recommended to lime the soil prior to
analysing exchangeable aluminium levels in order to cal-
culate the most appropriate doses. Additionally, the appli-
cation of organic fertilisers such as vermicompost is recom-
mended, along with crop rotation involving nitrogen-fixing
plants, such as give a specific possibility. Subsequently,
these legumes should be incorporated into the soil as green
manure after allowing them to rest for three to four weeks,
enabling their integration into the soil to protect against
erosion and weed control.

In farms with established strawberry crops, it is recom-
mended to implement associated crops that complement
each other without competing. To carry out this polycul-
ture practice, it is necessary to associate crops with different
vegetative characteristics and root developments, taking ad-
vantage of the various soil strata. Strawberries associate well
with crops such as garlic, onions, spinach, and lettuce, which
can be established in intercalated rows especially when the
harvest is done manually as is the case of Pamplona. Fi-
nally, it is recommended to intensify the use of living bar-
riers by employing plants such as marigold and chamomile,
which promote the activity of beneficial pollinating insects
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and contribute to the biological control of pests (Fountain,
2022).

5 Conclusions and recommendations

The evaluation of nine strawberry-producing farms high-
lighted significant shortcomings in the adoption of GAP, par-
ticularly in the areas of facilities, equipment, and traceabil-
ity. Additionally, the study revealed concerning signs about
the soil health across these farms, with a limited presence of
earthworms suggesting poor biological quality. These find-
ings underscore the need for targeted interventions to en-
hance soil health and adherence to GAP, which could facil-
itate better certification outcomes and sustainable farming
practices. Considering the shortcomings identified, the fol-
lowing recommendations are proposed:

• Implement ongoing training programs for farm man-
agers, emphasising the importance and requirements of
GAP, with a focus on areas such as facilities, equip-
ment, and traceability.

• Farms lacking specific areas to meet GAP requirements
should identify, locate, and construct facilities in ac-
cordance with current ICA regulation.

• Establish rigorous protocols for the maintenance and
cleaning of facilities, maintaining detailed records of
all tasks performed to ensure product safety.

• Initiate a traceability system from production units, me-
ticulously documenting all activities related to straw-
berry production, including dates, responsible parties,
and inputs used.

• Promote the practice of associated polycultures that
complement strawberries without competing and im-
plement living covers to enhance soil health and control
weeds.

• Intensify the use of living barriers, incorporating plants
such as marigold and chamomile to encourage benefi-
cial insect activity and contribute to the biological con-
trol of pests.

• Crop rotation can reduce the need for pesticides, and
composting and organic fertilisers enhance soil biolo-
gical activity. Additionally, it is proposed to continue
the application of amendments to increase soil pH and
promote biological activity.
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