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ABSTRACT RESUMEN

The growth of avocado crops  has led to an increase in techno-
logical needs and research to satisfy the demands of the value 
chain. There is a wide range of technologies applicable for this 
fruit crop, and there are challenges for transferring and adopting 
these processes. The objective of this work was to explore the 
determining factors in the adoption of technologies for avocado 
production systems and the perception of producers about these 
factors. For this, we carried out a socioeconomic characteriza-
tion of avocado producers in Colombia including the recognition 
of the perception regarding technological adoption variables 
and an exploratory factorial analysis to evaluate the adoption 
factors based on the perception and technological level (TL). 
We found that some socioeconomic variables are related to the 
TL of the production systems. Meanwhile, perceptions regard-
ing the adoption variables varied depending on the TL of the 
producers. Low TL presented a greater number of determinant 
variables in adoption decision-making. In contrast, for the me-
dium and high levels of TL, adoption of technology was based 
on economic analysis. This research provides evidence for the 
effect of socioeconomic factors on the adoption of technologies 
in avocado production systems and shows how the perception 
of producers regarding these adoptions involves determinants 
associated with TL.

El crecimiento de los cultivos de aguacate ha provocado un 
aumento de las necesidades tecnológicas y de investigación para 
satisfacer las demandas de la cadena de valor. Existe una amplia 
gama de tecnologías aplicables a este frutal, y existen desafíos 
para transferir y adoptar estos procesos. El objetivo de este 
trabajo fue explorar los factores determinantes en la adopción 
de tecnologías para los sistemas de producción de aguacate y 
la percepción de los productores sobre estos factores. Para esto, 
realizamos una caracterización socioeconómica de los produc-
tores de aguacate en Colombia incluyendo el reconocimiento 
de la percepción sobre las variables de adopción tecnológica y 
un análisis factorial exploratorio para evaluar los factores de 
adopción en función de la percepción y el nivel tecnológico 
(NT). Encontramos que algunas variables socioeconómicas 
están relacionadas con el NT de los sistemas de producción. 
Mientras tanto, las percepciones sobre las variables de adopción 
variaron dependiendo del NT de los productores. El NT bajo 
presentó mayor número de variables determinantes en la toma 
de decisiones de adopción. En contraste, para los niveles medio 
y alto de NT, la adopción de tecnología se basó en el análisis 
económico. Esta investigación proporciona evidencia del efecto 
de los factores socioeconómicos en la adopción de tecnologías 
en los sistemas de producción de aguacate y muestra cómo 
la percepción de los productores respecto a estas adopciones 
involucra determinantes asociados al NT.
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Introduction

Worldwide avocado (Persea americana Mill.) cultivation 
increased to 86% between 2012 and 2021. The continents 
with the largest increase of harvest were America (66%) 
and Africa (16%) (FAO, 2023). In Africa, the country with 
the largest harvest in 2021 was Ethiopia, with 27,946 ha. 
However, Zimbabwe showed greater growth, increasing 

from 230 to 1,059 ha between 2012 and 2021. In the case 
of America, the country with the largest avocado crop 
in 2021 was Mexico, with 226,534 ha, and the country 
with the highest increase for this period was Colombia 
(27,705-94,110 ha) (FAO, 2023). 

By 2022, Colombia ranked second place in planted areas 
and sixth in volume of avocado exports with 98,595 t, 
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3.3% of the total volume imported in the world (ITC, 
2023). Colombia has garnered global significance in the 
cultivation of avocado, symbolizing a remarkable growth 
trajectory and an increasingly influential role on the world 
stage (Cáceres-Zambrano Ramírez-Gil et al., 2022). The 
country’s ascent in avocado production is underscored 
by its favourable climatic conditions, diverse ecosystems, 
and strategic geographic positioning (Ramírez-Gil et al., 
2019). Colombia’s prominence is not merely quantitative 
but extends to the quality of its avocado varieties that 
meet international standards. This newfound importance 
is shaping the nation into a relevant player in the global 
avocado market (Ramírez-Gil et al., 2019). The socio-eco-
nomic implications are profound, as the avocado industry 
becomes a key driver of economic growth and a source of 
international recognition for Colombia.

As this crop has grown in importance, its production 
has increased considerably (Cáceres-Zambrano Jiménez-
Hernández et al., 2022). However, while new forms of 
technology may have arisen, this does not mean that they 
are widely used. In this respect, issues relating to technol-
ogy transfer, fruit quality, and crop productivity are sig-
nificant (Ramírez-Gil et al., 2019). Even though research 
on the cultivation of this fruit tree has led to a wide range 
of products, there remain challenges in the production 
system in terms of real and viable solutions to the problems 
of producers, with a positive benefit-cost ratio (Cáceres-
Zambrano Jiménez-Hernández et al., 2022). Additionally, 
technology transfer must be strengthened and made more 
strategic, given that regional links between producers 
facilitate transfer processes through leaders of territorial 
opinion (Varshney et al., 2022). 

The adoption of a new form of technology consists of ac-
cepting an innovation and integrating it into the productive 
context of the adopter (Straub, 2009). This process has been 
modelled and addressed by various authors. For example, 
Rogers (1962) proposes an innovation adoption curve, 
in which adopters are classified according to the time of 
adoption, focusing on the transfer of innovation. Other 
authors propose modelling the adoption of technologies 
according to the behaviour of the adopters (Ajzen, 1985).  
The Technology Acceptance Model (TAM), which incor-
porates the factors of perceived ease of use (Davis, 1986) 
in the utilization of technology (Venkatesh & Bala, 2008). 
Subsequently, Venkatesh et al. (2003) proposes the Unified 
Theory of Acceptance and Use of Technology (UTAUT) 
that utilizes various models as a basis and considers four di-
rect factors in its adoption: performance expectation, effort 
expectation, social influence and facilitating conditions.

The technological classification of producers depends 
on the practices to be adopted, and transfer processes 
are constantly changing according to innovation and the 
characteristics of the social system (Ayisi et al., 2022). In 
this regard, Curry et al. (2021) state that the sociocultural 
environment should be considered when developing new 
technology. When the proposed technologies go against 
the values and traditions of the community, adoption 
becomes less likely. At the regional level, the technology 
and knowledge associated with a given crop should be a 
cross-cutting tool in everyday and educational processes, 
involving producers and the family nucleus in crop man-
agement and thereby promoting local innovation (Gutiér-
rez García et al., 2020).

The factors involved in the process of adoption of a tech-
nology in agriculture include social and demographic 
determinants, access to technology (Oyetunde-Usman et 
al., 2021), risks and uncertainties of application, and user 
perception of benefits (The World Bank, 2007). Šūmane et 
al. (2018) state that a technology is adopted by a producer 
if it has been previously used and approved by its neigh-
bours. Morris et al. (2017) find that technology can support 
business models in different ways and the active or passive 
adoption by producers depends on access to information. 

Despite the existence of several technologies for the avo-
cado production system, a gap is evident in its adoption 
(Cáceres-Zambrano Ramírez-Gil et al., 2022). The adop-
tion of technology in avocado production systems en-
counters multifaceted challenges rooted in a complex web 
of factors (Cáceres-Zambrano Ramírez-Gil et al., 2022). 
These obstacles, largely undefined and interconnected, 
span social, economic, cultural, and market dimensions. 
The lack of well-established causative relationships 
hampers effective problem-solving (Cáceres-Zambrano 
Ramírez-Gil et al., 2022). Understanding these issues is 
important for devising strategies that enhance the evalua-
tion and subsequent adoption of relevant technologies by 
producers. By comprehensively unraveling the intricate 
tapestry of influences, stakeholders can formulate more 
effective approaches. This, in turn, promises to amelio-
rate economic, financial, and productivity indicators, 
fostering sustainability in avocado production systems. 
The confluence of diverse factors necessitates a nuanced 
understanding for the development of targeted and impact 
ful interventions.

Elucidating the factors involved in the adoption of tech-
nologies enables efforts to be directed towards the gen-
eration and transfer of knowledge, thereby improving the 
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technological level and efficiency of production systems. 
Given the lack of knowledge relating to the determinants 
of technological adoption  in the avocado agribusinesses 
in the neotropical country of Colombia, the objective of 
this research was to explore the determinant factors in the 
adoption of technologies in avocado production systems 
and the perception of producers regarding these factors. 
Based on preceding elements, our research hypothesis pos-
its that the adoption of technology in avocado cultivation 
within tropical conditions, particularly in the context of 
Colombia, is multifaceted, context-specific, and contingent 
upon various social, cultural, economic, and productive 
considerations inherent to each agricultural system.

Materials and methods

Information collection
Information used in our study was collected from 125 avo-
cado producers located in five departments of Colombia 
representing the most area planted and greatest volume 
of production. The departments and their respective mu-
nicipalities were: Cundinamarca (municipalities of Silvania 
and Anolaima), Caldas (Belalcazar, Aguadas, Anserma, 
Manzanares, Manizales, Marquetalia, La Merced, Pácora, 
Pensilvania, Riosucio, Risaralda, Salamina, San José, Vic-
toria and Villamaría), Antioquia (Sonsón, Abejorral and 
San Vicente Ferrer), Risaralda (Guática and Quinchía) 
and Tolima (Ibagué). For this purpose, a semi-structured 
survey was used to collect information on socioeconomic 
factors, frequency of use of technologies, and perception 
of adoption factors. The survey was carried out in person 
on each producer, during events organised by institutions, 
unions, associations, or trading houses. 

The selection and quantification of producers deviated 
from conventional sampling techniques due to the absence 
of consolidated estimates and data within the sector. Ensur-
ing the randomness of everyone posed technical challenges 
and incurred substantial costs. Consequently, an alternative 
approach was adopted, wherein individuals were randomly 
chosen from a finite population linked to the participa-
tion of producers in the events. This method was chosen 
acknowledging the practical constraints and logistical 
intricacies associated with achieving true randomness in 
individual selection within the given context. In this sense, 
the reliability of each instrument was evaluated with the 
alpha (α) criterion of Cronbach (Cronbach, 1951).

Characteristics of the adopters and the production system
As previously mentioned, the ability to adopt new tech-
nology is affected by the characteristics of the production 
system and of the adopters. Therefore, we characterized the 
producers and their production systems according to the 
following: gender, age, academic training, distance to the 
municipal capital, type of land tenure, source of income, 
use of credit, availability of internet and computer equip-
ment in the production center, production area, number 
of trees planted, crop age, workforce, social security pay-
ment to workers, technical assistance, certifications, use 
of technical records, marketing channel, and producer 
participation in organisations. Subsequently, connections 
between variables were explored through multiple cor-
respondence analysis (MCA). The objective of this was to 
infer whether, in the avocado agribusiness in Colombia, 
the technological level (TL) is linked to the characteristics 
of the adopters and the production system.

Technological adoption level
To compare the socioeconomic and adoption information 
collected with the TL, we used the system of Cáceres-Zam-
brano Ramírez-Gil et al. (2022), where by we characterized 
the TL based on the frequency of use of 82 technologies 
in the following links of the avocado agribusiness value 
chain: (i) propagation of plant material and nursery (16), 
(ii) production (43) and (iii) postharvest (23). The frequency 
of use was evaluated according to the Likert scale (1932), 
with five options for each response: 5 = always, 4 = almost 
always, 3 = sometimes, 2 = almost never, and 1 = never. We 
previously evaluated the technologies considered in each 
group, and we used the results of the factorial loads as a 
weight for the calculation of the TL. We used the TL results 
generated in the study to find relationships between it and 
the characteristics of the adopters, the production system, 
and the perception of adoption factors.

Perception of adoption factors 
We consulted producers regarding the perceived impor-
tance of a group of preselected technology adoption factors 
following the UTAUT theory proposed by Venkatesh et al. 
(2003) (Tab. 1). We used a Likert scale (1932) based on the 
perception of importance, with five response options: 5 = 
very important, 4 = important, 3 = moderately important, 
2 = of low importance and 1 = not important. We grouped 
the results according to the TL, to elucidate the relationship 
between it and the adoption factors.
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Data analysis
We used the free software R Project v4 (R Core Team, 2022) 
to perform the statistical analyses. The characterization 
data were explored with MCA. Adoption factor data were 
analysed using principal component analysis (PCA) with 
the aim of carrying out an initial exploration of the data 
and reducing the number of dimensions, facilitating the 
observation of relationships between variables. Perception 
data on adoption factors were used with 125 producers and 
19 variables (Tab. 1). A PCA was used prior to the factorial 
analysis, to verify that the groupings between variables 
matched what is in the literature and what was proposed 
in this study (Tab. 1). For this analysis, the libraries fac-
toMineR (Lê et al., 2008) and factoextra (Kassambara & 
Mundt, 2020) were used.

Having found that the groups of factors evaluated did 
not show a grouping like what was proposed, we decided 
to use an exploratory factor analysis (EFA). We used the 
EFA to find the distribution according to the perception of 
importance on the part of the surveyed producers (Lloret-
Segura et al., 2014). For this, we used 17 of the 19 variables, 
since for the other two, the perception of importance was 
unanimous among the producers. The analysis was carried 
out for the group of producers in general and by TL (high, 
medium, and low), with the objective of inferring whether 

the grouping and loads of the variables changed depend-
ing on the TL of the producers. To carry out the EFA, we 
considered four assumptions. Firstly, for the number of 
factors to extract, we selected the number with the greatest 
number of supporting methods  (Lloret-Segura et al., 2014). 
Secondly, for type of rotation to be used, we chose a varimax 
orthogonal type, considering the absence of relationships 
between the items evaluated. Thirdly, for the estimation 
method, we used the weighted least squares (WLS), as this 
is a robust method used in the analysis of data that does 
not meet the assumption of multivariate normality, as is 
the case for the data analysed in the present work (Lloret-
Segura et al., 2014). Finally, for the matrix used for estima-
tion, we selected a polychoric type, due to the five-option 
scale used in the questionnaire based on the Likert scale. 
For the EFA, the fit of the proposed model was evaluated 
using the Comparative Fit Index, the Tucker-Lewis index 
(TLI>0.90), the relative measure for model comparison, 
and the Bayesian information criterion (BIC) (West et al., 
2012; Cavanaugh & Neath, 2019). The library used for the 
factorial analysis was nFactors (Raiche & Magis, 2020).

Subsequently, and considering that there were producers 
from each of the three TLs, we used a model for each level 
to verify whether the fit of the model could be improved 
for each TL. We also used cross-sectional libraries for the 

TABLE 1. Technological adoption factors in avocado production systems under neotropical conditions, Colombia. 

Factor Variable Source

Performance 
expectation

Increase in cultivation output (Xie & Huang, 2021)

Contribution to fruit quality (Barrios et al., 2020)

Contribution to avocado export process (Xie & Huang, 2021)

Reduction of production costs (Ruzzante & Bilton, 2021)

Improvement in employee productivity (Tami-Barrera, 2021)

Effort expectation
Market availability of technology (Doss, 2003)

Experiences of technology use (Barrios et al., 2020)

Social influence

Adoption by other producers (Ruzzante & Bilton, 2021)

Gaining recognition in the region (Barrios et al., 2020)

Value of the farm (Xie & Huang, 2021)

Environmental impact of technology (Liu et al., 2018)

Buyer requirements (Foster & Rosenzweig, 2010)

Acceptance by business partners or family (Ruzzante & Bilton, 2021)

Facilitating 
conditions

Ease of use of technology (Taherdoost, 2018)

Access to credit (Ruzzante & Bilton, 2021)

Technical assistance (Tami-Barrera, 2021)

Internet availability on the farm (Tami-Barrera, 2021)

Technology price (Ruzzante & Bilton, 2021)

Support by technology provider (Tami-Barrera, 2021)
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psych analysis (Revelle, 2021), psycho analysis (Makowski, 
2018) and plotly analysis (Sievert, 2020) for descriptive 
analysis and generation of visualization tools.

Results

Characteristics of the adopters and 
of the production systems
Among the surveyed avocado producers, men (88.8%) 
predominated over women (11.2%) with non-binaries un-
represented. Ages were between 30 and 60 years (67.2%). For 
the gender or age, a distribution related to the TL was not 
found. Predominant education levels were primary (52.8%), 
followed by secondary (24%), technical or technological 
education (8.8%), professional (8.8%) and postgraduate 
(5.6%). Producers with primary and secondary academic 

training included the three levels of TL (high, medium, 
and low); the medium and high TL included producers 
with technical or higher education not found in the low 
TL. The characteristics of the adopters were grouped ac-
cording to the TL (Fig. 1). 

The departments of Caldas (48.0%) and Antioquia (36.8%) 
led the distribution of the surveyed producers followed by 
Cundinamarca (8.8%), Risaralda (4.8%) and Tolima (1.6 
%). Producers in the departments with the largest number 
of people surveyed were mainly in the medium and high 
TL. The majority of the production systems studied were 
located less than 10 km from the municipal capitals (62.4%) 
and 95.2% of the producers surveyed and they carried out 
the activities on their own properties. The main economic 
activity was agriculture (84.8%), while 6.4% received in-
come from sources other than production.

FIGURE 1. Characteristics of the producers and avocado production systems according to the technological level using the multiple correspondence 
analysis. 
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Some 77.6% of the interviewers stated that they had used 
credit to finance their productive activity, and banks were 
the main source of leverage. Regarding connectivity and 
use of computer equipment, 65.6% (connectivity) and 68% 
(computer equipment) of the interviewers did not have 
internet and computer equipment at the production site. 
The highest percentage of these characteristics (i.e., credit, 
possession of computer equipment and access to the Inter-
net) occurred in the high TL.

The area of the production systems and the number of 
trees were the parameters with high variation in each 
TL. We observed that with a decrease of the TL the upper 
limit of the range also decreased (greater number of plants 
and planted areas). However, we noted a small area of the 
production systems in the upper TL. Regarding the age 
characteristics of the cultivation, we found no distribution 
related to technological level and age characteristics.  

The production systems used family labour in 50.4% of the 
cases. Producers with high TL had a greater use of hired 
labour, while the medium and low TL producers used a 
greater proportion of family labour. Of the productive 
units that used family labour, 46% did pay for this work. 
We found a low proportion of social security payments. 
Access to technical assistance by the surveyed producers 
was high (92%) and was mostly on a contractual basis with 
a frequency of visits of once per month. 

The distribution of GAP global certification had no re-
lationship with the TL. However, the medium and high 
TL producers were more frequently registered exporting 
properties. We found that 83.2% of the surveyed produc-
ers kept some kind of record of their activities; this was 
a characteristic that was not related to the technological 
levels. Meanwhile, the predominant marketing channel 
was export (62.4%), followed by intermediaries (20.8%). 
There was a high percentage of producers linked to a trade 
union or local association (82.4%).

Perception by avocado producers of 
technological adoption factors
The survey showed average reliability based on α criterion 
of Cronbach (α = 0.60; P<0.05; average r = 0.08), with 
items usually un-associated with each other. In general, 
the surveyed avocado producers perceived the adoption 
factors evaluated as being very important. Of the variables, 
increase in crop yield and ease of use of the technology 
stand out, since they are considered very important by 100% 
of the producers (Fig. 2). The variable considered of least 

importance was adoption by other producers. Facilitating 
conditions and social influence factors were rated as less 
important than those of performance expectation and ef-
fort expectation.

By grouping the producers by TL and verifying the fre-
quency in the perception of importance of the selected 
variables, we found some overlap in the importance rating 
among producers with different TLs (Fig. 3). The medium 
and high TL producers share variables with each other and, 
to a lesser extent, with the low TL producers. However, the 
producers located in the low TL valued a greater number of 
variables as “very important” compared with the other two 
levels. The producers located in the lower LT unanimously 
rated as very important the variables of value of the farm, 
adoption by partners and family, and market availability 
of technology. Additionally, we found that variables that 
presented high variability in the importance rated inde-
pendently of the technological level.

The variables analysed were reduced to three dimensions 
that explained 70.1% of the variance of the data in which 
buyer requirements, adoption by other producers, and the 
price of the technology were the variables with the greatest 
contribution (Fig. 4). Producers usually have little techni-
cal independence in decision-making, meaning that they 
usually ask for advice, not only from technical consultants, 
but also from neighbours or other experienced producers. 
Decisions are made according to observable economic re-
sults that will allow better income. However, producers also 
consider aspects related to new markets or the possibility of 
providing a superior product. On the other hand, the sup-
port of state or financial institutions decreases uncertainty 
when adopting a new technology. 

The original model evaluated showed a good fit (P<0.05; 
BIC = 15.33; TLI = -0.27) that was improved through the 
elimination of those variables with a lower proportion 
of explained variance (P<0.05; BIC = 10.38; TLI = -0.57). 
Two factors were found, namely “decreased uncertainty 
and market entry” that linked four variables related to 
the market, “quality and financing”; and “information 
and financial advantages” that linked six variables related 
to technical aspects, social influence, and technological 
aspects (Fig. 5).

We found that the importance assigned to the proposed 
variables was different among the producers from the dif-
ferent TLs (Tab. 2). Similarly, the grouping, factorial loads 
and excluded variables were specific to each TL. High TL 
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producers downplayed variables related to finance and to 
adoption of technology by other producers (P<0.05; BIC = 
1632; TLI = -2.60). At this level, the experience of using the 
technology was more important than adoption by other 
producers; this reflects the fact that the thinking behind 
the production system goes beyond the regional or national 
environment.

The middle TL producers considered three factors with 
associated variables, excluding the reduction of costs, 
adoption by other producers, value of the farm, demand by 

the customer, contribution to the quality of the fruit, and 
price of the technology (P<0.05; BIC = 3335, TLI = -1.78). 
The low TL model was initially built with seven variables 
since a high degree of importance was given to the other 
variables by all the producers. Based on these variables, 
we constructed a model in which the variables of internet 
presence on the farm and support from the technology 
provider were excluded (P<0.05; BIC = 372; TLI = -7.9). In 
this research, we regrouped the initial groups based on the 
perception of the producers, to find a factor that decreased 
uncertainty.

FIGURE 2. Perception of the importance of the variables and factors of technological adoption by avocado producers based on Likert scale analysis.
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FIGURE 3. Perception of importance of adoption variables according to technological level of avocado production systems. The variables inside the 
coloured circles were rated as “very important” by 100% of producers in the corresponding technological level. The variables outside the coloured 
circles are those that were considered less important by the surveyed producers in all the TLs.
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FIGURE 4. Principal component analysis as a tool for exploring the distribution of factors according to the variance of the data. F1 = access to 
credit; F2 = technical assistance; F3 = contribution to the avocado export process; F4 = reduction of production costs; F5 = availability of the 
technology in the market; F6 = adoption by other producers; F7 = gaining recognition in the region; F8 = value of the property; F9 = increase in 
crop yield; F10 = ease of use of technology; F11 = experiences in the use of technology; F12 = environmental impact of technology; F13 = buyer 
requirements; F14 = contribution to the quality of the fruit; F15 = acceptance by partners or family; F16 = improvement in employee productivity; 
F17 = internet presence on the farm; F18 = price of technology; and F19 = support from the technology provider.
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Discussion

We found a gender gap that corresponded to what is gener-
ally found in agriculture: women showed low participation 
in decision-making spaces (The Consultative Group on 
International Agricultural Research (CGIAR) & Leverag-
ing Evidence for Access and Development (LEAD), 2021). 
However, it should be emphasised that the participation 
of women in agricultural production systems allows the 
strengthening of value chains and their resilience (Huyer, 

2016). As such, the value chain would benefit from improv-
ing the gender gap.

The most frequent age range was between 30 and 60 years, 
while the least frequent was between 18 and 30. Parra and 
Knobloch (2022) find that the experience favours good 
decision-making in this regard. Liu et al. (2018) claim that 
greater experience leads to lower receptiveness to new tech-
nologies. This could be related to a decreased transfer of 
agricultural businesses between generations and to the low 

FIGURE 5. Perception factors related to the adoption of technologies in avocado production systems.
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Information 
and financial 
advantages

-0.56

-0.71

0.50

0.67

0.59

0.60

F2: Technical assistance

F4: Reduction of production costs

F6: Adoption by other producers

F8: Value of the farm

F12: Environmental impact of technology

F17: Internet availability on the farm

TABLE 2. Technological adoption factors and factorial loads in avocado production systems according to technological level.

High technological level

Facilitating conditions and 
social influence

Technical  
assistance

Acceptance by business  
partners or family

Market availability  
of technology 

Internet availability  
on the farm

0.95 0.84 -0.49 -0.46

Reduction of uncertainty
Support from  

technology provider
Experiences in the use of 

technology
  

-0.89 0.87   

Medium technological level

Facilitating conditions
Market availability of 

technology 
Access  
to credit

Environmental impact of 
technology

Support from technology 
provider

-0.87 0.81 0.66 0.64

Social influence 
Acceptance by business 

partners or family
Contribution to avocado  

export process
Gaining recognition in the 

region
 

0.88 -0.78 0.76  

Performance expectation
Improvement in employee 

productivity
Internet availability  

on the farm
  

-0.89 0.58   

Low technological level

Market
Buyer requirements Access to credit Technology price  

0.82 -0.74 0.74  

Social influence
Adoption by business  

partners or family
Gaining recognition  

in the region
  

0.69 -0.93   

Note: The numbers in the table correspond to the factorial loads for the structural equation model at each technology level.
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proportion of young people dedicated to agricultural work. 
This is an important aspect given that age is considered a 
relevant factor for the adoption of technologies. 

We found that producers with higher academic training 
tended to have higher technological levels. Academic 
training favours the adoption of new technology (Liu et al. 
2018). However, Curry et al. (2021) state that technology 
adoption and related factors are not limited to academic, 
financial, or technical aspects, and that a comprehensive 
vision, considering the way in which technologies, habits 
and traditions of adopters are communicated, is necessary.

Avocado cultivation, especially of cv. Hass, has grown with 
greater intensity in particular areas of Colombia. This has 
led some producers to join forces and manage resources 
for training in productive and commercial aspects. This 
growth is reflected in the distribution of producers with 
respect to technological levels in certain regions, with 
those areas with the highest growth becoming stronger 
(Quintero-Ramirez et al., 2019). The producers showed 
high associativity percentages at all technological levels, a 
characteristic that has a positive effect on innovation and 
technology networks by favouring interaction with other 
actors in the chain. Krishnan et al. (2021) find that col-
laborative work and producer organisations promote the 
implementation of innovations. 

Other factors such as type of land tenure, source of income 
and access to credit are related to the technological level 
(Kassie et al., 2013). However, the data collected in this 
study did not find such a relationship. We observed that 
the technological level was high in the production systems 
with larger areas,  matching the findings of previous reports 
(Doss, 2003). On the other hand, the use of technological 
and communication tools by production systems allows 
access to markets via the internet and to technological 
information related to management practices (Morris et 
al., 2017). Similarly, formality in recruitment processes is 
decisive in technological and innovation processes, since it 
allows the evaluation of potential employees and therefore 
the optimization of processes (Juma, 2015).

Registration as an exporting farm was more frequent than 
global GAP certification, even though the latter is an in-
ternational certification requirement to export to certain 
destinations (Castrillón Correa, 2020). This behaviour can 
be explained by the fact that registering as an exporting 
farm is a mandatory national standard for  marketing fruit 
abroad (ICA, 2016).  Lippe and Grote (2017) find that the 

global GAP certification process requires investment that 
is sometimes not reflected in a monetary incentive for 
producers; this is why this certification is usually adopted 
only if it is financed or supported through public-private 
partnerships.

Tiruneh et al. (2015) state that the adoption of a new tech-
nology depends on the ability of producers to perceive the 
advantages of this in the existing socioeconomic condi-
tions. In this research we  found that the factors of social 
influence and facilitating conditions were perceived as less 
important than expectations of effort and performance. 
However, social influence has a role in adoption decisions 
(Tiruneh et al., 2015). 

The producer perception of the variables evaluated 
depended on their technological level. Producers with 
lower TL placed greater importance on those variables 
that represented financial benefits and ease of access, 
such as farm value, acceptance by partners and family, 
and availability of technology in the market. Porteous 
(2020) finds that the adoption of technologies is linked 
to commercial and financial incentives for producers that 
improves their technological level. But, producers face 
risks when adopting new technology; therefore, reducing 
the associated uncertainty facilitates decision-making 
regarding technological matters (Liu et al., 2018). The 
hypothesis of this research was corroborated, since the 
decision to adopt a technology is more complex and is 
crossed by aspects of uncertainty and technical analysis 
in addition to income alone.

The results of this study supported the assertion that the 
size of the farm and the characteristics of the farmers do not 
directly influence technological adoption, but rather they 
influence the perception of producers in decisions regard-
ing the adoption of technology (Tiruneh et al., 2015). The 
need to collect information regarding other variables and 
dimensions is evident. In this regard, Maertens and Barrett 
(2013) state that the collection of data on social networks, 
information flows, and other unobservable variables are 
relevant for modelling technological adoption. This would 
involve an analysis of the entire adoption process and not 
just an evaluation of the technological level and perception 
at a given moment.

Our results indicated that the adoption of technology 
among avocado producers is influenced by a great num-
ber of factors: age, gender, educational attainment, cul-
tural considerations, risk perception, investment capacity, 



11Cáceres-Zambrano, Ramírez-Gil, and Barrios: Factors associated with the adoption of technologies for avocado production systems

opportunity cost, technology availability, applicability, 
among others. Recognizing the unique dynamics of each 
productive unit, we abstained from prescribing a universal 
judgment on the efficacy of specific technologies, empha-
sizing the need for nuanced assessments tailored to local 
contexts and individual circumstances. This approach 
enables a comprehensive understanding of the intricate 
interplay between multifaceted factors influencing tech-
nological adoption in the avocado production domain, but 
not associated with which technology is more adequate or 
not adequate by the production systems evaluated.

It is imperative to acknowledge the limitations inherent 
in our study. The representativeness of our sample posed 
a constraint, as it may not fully encapsulate the broader 
population perspectives on crucial factors in technological 
adoption in the avocado production systems. Moreover, the 
absence of validation with non-surveyed individuals lim-
ited the generalizability of our findings. Moving forward, 
a comprehensive exploration involving a balanced repre-
sentation of all potential determinants is warranted. Future 
research should delve into strategies aimed at improving 
technological adoption, elucidating how this enhancement 
can catalyse into production efficiency, competitiveness, 
and sustainability within the avocado cultivation sector. 
This avenue holds promise for advancing both academic 
understanding and practical outcomes in agricultural 
technology adoption.

Conclusion

This study allowed us to explore the relationship between 
social factors and the perceptions of the producers  on the 
determinants of technological adoption in the avocado 
value chain. The area of the productive unit, the level of 
academic training of the producers, and the type of mar-
keting channel were variables related to the technological 
level of the production systems. Additionally, there was a 
relationship between the technological level and the percep-
tion of adoption factors. Producers with a low technological 
level valued a greater number of variables as determinants 
for the adoption of decision-making, while at medium and 
high technological levels fewer variables were considered, 
and these were related to commercial, technical, and finan-
cial benefits. The results of this research showed the need 
to study aspects of academic training in the rural sector, 
given that this is a determining variable in the adoption 
of technologies. In addition, it was necessary to focus the 
extension of technology and transfer efforts on the financial 
benefits of technological adoption, as well as addressing the 
perception of associated risks.

Acknowledgments
The authors thank the Universidad Nacional de Colombia 
for providing the academic and research environment that 
gave rise to this work.

Conflict of interest statement
The authors declare that there is no conflict of interests 
regarding the publication of this article.

Author’s contributions
JCZ, JGRG and DB: conceptualization, methodology, vali-
dation, data curation. JGRG and DB: review and editing, 
supervision. JCZ and JGRG: software. DB: project admin-
istration. JCZ: formal analysis, investigation, resources, 
original draft preparation, visualization, funding acquisi-
tion. All authors have read and approved the final version 
of the manuscript.

Literature cited
Ajzen, I. (1985). From intentions to actions: A theory of planned 

behavior. In J. Kuhl, & J. Beckmann (Eds.), Action con-
trol. From cognition to behavior (pp. 11–39). SSSP Spring-
er Series in Socia l Psychology. Springer. https://doi.
org/10.1007/978-3-642-69746-3_2

Ayisi, D. N., Kozári, J., & Krisztina, T. (2022). Do smallholder 
farmers belong to the same adopter category? An assessment 
of smallholder farmers innovation adopter categories in 
Ghana. Heliyon, 8(8), Article e10421. https://doi.org/10.1016/j.
heliyon.2022.e10421

Barrios, D., Restrepo-Escobar, F. J., & Cerón-Muñoz, M. (2020). 
Factors associated with the technology adoption in dairy agri-
business. Revista Facultad Nacional de Agronomía Medellín, 
73(2), 9221–9226. https://doi.org/10.15446/rfnam.v73n2.82169

Cáceres-Zambrano, J., Jiménez-Hernández, C. N., & Barrios, D. 
(2022). Tendencias en investigación y desarrollo tecnológico 
en la cadena productiva de aguacate (Persea americana L.). 
Revista EIA, 19(38), Article 3826. https://doi.org/10.24050/
reia.v19i38.1573

Cáceres-Zambrano, J., Ramírez-Gil, J. G., & Barrios, D. (2022). 
Validating technologies and evaluating the technological 
level in avocado production systems: A value chain approach. 
Agronomy, 12(12), Article 3130. https://doi.org/10.3390/
agronomy12123130

Castrillón Correa, Y. T. (2020). Intención de los productores de agua-
cate Persea americana Mill, variedad Hass para acogerse a la 
normatividad internacional de comercialización GLOBAL GAP 
[Undregraduate thesis, Universidad de Antioquia]. https://bit.
ly/3QLc2xP

Cavanaugh, J. E., & Neath, A. A. (2019). The Akaike information 
criterion: Background, derivation, properties, application, 
interpretation, and refinements. WIREs Computational Sta-
tistics, 11(3), Article e1460. https://doi.org/10.1002/wics.1460

Cronbach, L. J. (1951). Coefficient alpha and the internal structure 
of tests. Psychometrika, 16, 297–334. https://doi.org/10.1007/
BF02310555 

https://doi.org/10.1007/978-3-642-69746-3_2
https://doi.org/10.1007/978-3-642-69746-3_2
https://doi.org/10.1016/j.heliyon.2022.e10421
https://doi.org/10.1016/j.heliyon.2022.e10421
https://doi.org/10.15446/rfnam.v73n2.82169
https://doi.org/10.24050/reia.v19i38.1573
https://doi.org/10.24050/reia.v19i38.1573
https://doi.org/10.3390/agronomy12123130
https://doi.org/10.3390/agronomy12123130
https://bit.ly/3QLc2xP
https://bit.ly/3QLc2xP
https://doi.org/10.1002/wics.1460
https://doi.org/10.1007/BF02310555
https://doi.org/10.1007/BF02310555


12 Agron. Colomb. 41(3) 2023

Curry, G. N., Nake, S., Koczberski, G., Oswald, M., Rafflegeau, S., 
Lummani, J., Peter, E., & Nailina, R. (2021). Disruptive in-
novation in agriculture: Socio-cultural factors in technology 
adoption in the developing world. Journal of Rural Studies, 88, 
422–431. https://doi.org/10.1016/j.jrurstud.2021.07.022

Davis, F. D. (1986). A technology acceptance model for empirically 
testing new end-user information systems: theory and results 
[Doctoral dissertation, Massachusetts Institute of Technology]. 
https://dspace.mit.edu/handle/1721.1/15192

Doss, C. R. (2003). Understanding farm-level technology adoption: 
Lessons learned from CIMMYT’s micro surveys in Eastern 
Africa. CIMMYT Economics Working Paper 03-07. http://hdl.
handle.net/10883/1039

Foster, A. D., & Rosenzweig, M. R. (2010). Microeconomics of tech-
nology adoption. Annual Review of Economics, 2(1), 395–424. 
https://doi.org/10.1146/annurev.economics.102308.124433

Gutiérrez García, G. A., Gutiérrez-Montes, I., Hernández Núñez, 
H. E., Suárez Salazar, J. C., & Casanoves, F. (2020). Relevance 
of local knowledge in decision-making and rural innovation: 
A methodological proposal for leveraging participation of Co-
lombian cocoa producers. Journal of Rural Studies, 75, 119–124. 
https://doi.org/10.1016/j.jrurstud.2020.01.012

Huyer, S. (2016). Closing the gender gap in agriculture. Gender, 
Technology and Development, 20(2), 105–116. https://doi.
org/10.1177/0971852416643872

Instituto Colombiano Agropecuario (ICA). (2016). Resolución No. 
448 del 20 de enero de 2016. Por medio de la cual se establecen 
los requisitos para el registro ante el ICA de los predios de 
producción de vegetales para exportación en fresco, el registro 
de los exportadores y el registro de las plantas empacadoras de 
vegetales para la exportación en fresco. https://bit.ly/40r0frT

International Trade Centre (ITC). (2023). Trade Map. Trade sta-
tistics for international business development. https://www.
trademap.org/

Juma, C. (2015). Agricultural innovation systems. In C. Juma (Ed.), 
The new harvest agricultural innovation in Africa (2nd ed., pp. 
83–116). Oxford Academic. https://doi.org/10.1093/acprof:o
so/9780190237233.003.0004

Kassambara, A., & Mundt, F. (2020). Factoextra: extract and visual-
ize the results of multivariate data analyses. R Package Version 
1.0.7. https://rpkgs.datanovia.com/factoextra/ 

Kassie, M., Jaleta, M., Shiferaw, B., Mmbando, F., & Mekuria, M. 
(2013). Adoption of interrelated sustainable agricultural prac-
tices in smallholder systems: Evidence from rural Tanzania. 
Technological Forecasting and Social Change, 80(3), 525–540. 
https://doi.org/10.1016/J.TECHFORE.2012.08.007

Krishnan, R., Yen, P., Agarwal, R., Arshinder, K., & Bajada, C. 
(2021). Collaborative innovation and sustainability in the food 
supply chain- evidence from farmer producer organisations. 
Resources, Conservation and Recycling, 168, Article 105253. 
https://doi.org/10.1016/j.resconrec.2020.105253

Lê, S., Josse, J., & Husson, F. (2008). FactoMineR: An R package for 
multivariate analysis. Journal of Statistical Software, 25(1), 
1–18. https://doi.org/10.18637/jss.v025.i01

Likert, R. (1932). A technique for the measurement of attitudes. 
Archives of Psychology, 22, 5–55. 

Lippe, R. S., & Grote, U. (2017). Determinants affecting adop-
tion of GLOBALG.A.P. standards: A choice experiment in 
Thai horticulture. Agribusiness, 33(2), 242–256. https://doi.
org/10.1002/agr.21471

Liu, T., Bruins, R. J. F., & Heberling, M. T. (2018). Factors influenc-
ing farmers’ adoption of best management practices: A review 
and synthesis. Sustainability, 10(2), Article 432. https://doi.
org/10.3390/su10020432

Lloret-Segura, S., Ferreres-Traver, A., Hernández-Baeza, A., & 
Tomás-Marco, I. (2014). El análisis factorial exploratorio de 
los ítems: una guía práctica, revisada y actualizada. Ana-
les de Psicologia, 30(3), 1151–1169. https://doi.org/10.6018/
analesps.30.3.199361

Maertens, A., & Barrett, C. B. (2013). Measuring social networks’ 
effects on agricultural technology adoption. American Jour-
nal of Agricultural Economics, 95(2), 353–359. https://doi.
org/10.1093/ajae/aas049

Makowski, D. (2018). The psycho package: An efficient and 
publishing-oriented workflow for psychological science. The 
Journal of Open Source Software, 3(22), Article 470. https://doi.
org/10.21105/joss.00470

Morris, W., Henley, A., & Dowell, D. (2017). Farm diversification, 
entrepreneurship and technology adoption: Analysis of upland 
farmers in Wales. Journal of Rural Studies, 53, 132–143. https://
doi.org/10.1016/j.jrurstud.2017.05.014

Organización de las Naciones Unidas para la Alimentación y la 
Agricultura (FAO). (2023). FAOSTAT – Crops and livestock 
products. https://www.fao.org/faostat/en/#data/TCL

Oyetunde-Usman, Z., Olagunju, K. O., & Ogunpaimo, O. R. (2021). 
Determinants of adoption of multiple sustainable agricultural 
practices among smallholder farmers in Nigeria. International 
Soil and Water Conservation Research, 9(2), 241–248. https://
doi.org/10.1016/j.iswcr.2020.10.007

Parra, C. A., & Knobloch, N. (2022). Exploring the barriers, oppor-
tunities, and motivation for agricultural entrepreneurship of 
rural Colombian students who participated in dual-credit pro-
grams. Journal of International Agricultural and Extension Ed-
ucation, 29(4), 93–108. https://doi.org/10.4148/2831-5960.1039

Porteous, O. (2020). Trade and agricultural technology adoption: 
Evidence from Africa. Journal of Development Economics, 144, 
Article 102440. https://doi.org/10.1016/j.jdeveco.2020.102440

Quintero Ramírez, S., Marín Sánchez, B., Cubillos Jiménez, S., 
Ruiz Castañeda, W., & Giraldo Ramírez, D. (2019). Avocado 
and coffee supply chains specialization in Colombia. Procedia 
Computer Science, 158, 573–581. https://doi.org/10.1016/j.
procs.2019.09.091

R Core Team. (2022). R: A language and environment for statistical 
computing. R Foundation. https://www.r-project.org/

Raiche, G., & Magis, D. (2020). nFactors: Parallel analysis and other 
non graphical solutions to the Cattell Scree test. R package ver-
sion 2.4.1. https://cran.r-project.org/package=nFactors

Ramírez-Gil, J. G., Franco, G., & Henao-Rojas, J. C. (2019). Review 
of the concept of quality in Hass avocado and the pre-harvest 
and harvest factors that determine it under tropical conditions. 
Revista Colombiana de Ciencias Hortícolas, 13(3), 359–370. 
https://doi.org/10.17584/rcch.2019v13i3.10503

https://doi.org/10.1016/j.jrurstud.2021.07.022
https://dspace.mit.edu/handle/1721.1/15192
http://hdl.handle.net/10883/1039
http://hdl.handle.net/10883/1039
https://doi.org/10.1146/annurev.economics.102308.124433
https://doi.org/10.1016/j.jrurstud.2020.01.012
https://doi.org/10.1177/0971852416643872
https://doi.org/10.1177/0971852416643872
https://bit.ly/40r0frT
https://www.trademap.org/
https://www.trademap.org/
https://doi.org/10.1093/acprof:oso/9780190237233.003.0004
https://doi.org/10.1093/acprof:oso/9780190237233.003.0004
https://rpkgs.datanovia.com/factoextra/
https://doi.org/10.1016/J.TECHFORE.2012.08.007
https://doi.org/10.1016/j.resconrec.2020.105253
https://doi.org/10.18637/jss.v025.i01
https://doi.org/10.1002/agr.21471
https://doi.org/10.1002/agr.21471
https://doi.org/10.3390/su10020432
https://doi.org/10.3390/su10020432
https://doi.org/10.6018/analesps.30.3.199361
https://doi.org/10.6018/analesps.30.3.199361
https://doi.org/10.1093/ajae/aas049
https://doi.org/10.1093/ajae/aas049
https://doi.org/10.21105/joss.00470
https://doi.org/10.21105/joss.00470
https://doi.org/10.1016/j.jrurstud.2017.05.014
https://doi.org/10.1016/j.jrurstud.2017.05.014
https://www.fao.org/faostat/en/#data/TCL
https://doi.org/10.1016/j.iswcr.2020.10.007
https://doi.org/10.1016/j.iswcr.2020.10.007
https://doi.org/10.4148/2831-5960.1039
https://doi.org/10.1016/j.jdeveco.2020.102440
https://doi.org/10.1016/j.procs.2019.09.091
https://doi.org/10.1016/j.procs.2019.09.091
https://www.r-project.org/
https://cran.r-project.org/package=nFactors
https://doi.org/10.17584/rcch.2019v13i3.10503


13Cáceres-Zambrano, Ramírez-Gil, and Barrios: Factors associated with the adoption of technologies for avocado production systems

Revelle, W. (2021). psych: Procedures for psychological, psycho-
metric, and personality research. https://cran.r-project.org/
package=psych

Rogers, E. (1962). Diffusion of innovations (3rd ed.). Macmillan 
Publishing Co. Inc.

Ruzzante, S., & Bilton, A. (2021). Adoption of agricultural technolo-
gies in the developing world: A meta-analysis dataset of the 
empirical literature. Data in Brief, 38, Article 107384. https://
doi.org/10.1016/j.dib.2021.107384

Sievert, C. (2020). Interactive web-based data visualization with 
R, plotly, and shiny. Chapman and Hall/CRC. https://doi.
org/10.1201/9780429447273

Straub, E. T. (2009). Understanding technology adoption: 
Theory and future directions for informal learning. Re-
view of Educational Research, 79(2), 625–649. https://doi.
org/10.3102/0034654308325896

Šūmane, S., Kunda, I., Knickel, K., Strauss, A., Tisenkopfs, T., des los 
Rios, I., Rivera, M., Chebach, T., & Ashkenazy, A. (2018). Local 
and farmers’ knowledge matters! How integrating informal 
and formal knowledge enhances sustainable and resilient 
agriculture. Journal of Rural Studies, 59, 232–241. https://doi.
org/10.1016/j.jrurstud.2017.01.020

Taherdoost, H. (2018). A review of technology acceptance and 
adoption models and theories. Procedia Manufacturing, 22, 
960–967. https://doi.org/10.1016/j.promfg.2018.03.137

Tami-Barrera, L. (2021). Socioeconomic and technological factors 
influencing technology adoption in cacao farms of two post- 
conflict regions in Colombia [Master thesis, The Pennsylvania 
State University]. https://bit.ly/474GHfd

The Consultative Group on International Agricultural Research 
(CGIAR) & Leveraging Evidence for Access and Development 

(LEAD). (2021). Gender in agriculture and food systems: An 
evidence gap map. https://bit.ly/49tGMLe

The World Bank. (2007). World Development Report 2008. Agriculture 
for development. https://doi.org/10.1596/978-0-8213-6807-7

Tiruneh, S., Yigezu, Y. A., & Bishaw, Z. (2015). Measuring the ef-
fectiveness of extension innovations for out-scaling agricul-
tural technologies. African Journal of Agricultural Science and 
Technology, 3(7), 316–326. 

Varshney, D., Joshi, P. K., Kumar, A., Mishra, A. K., & Kumar Dubey, 
S. (2022). Examining the transfer of knowledge and training 
to smallholders in India: Direct and spillover effects of agri-
cultural advisory services in an emerging economy. World 
Development, 160, Article 106067. https://doi.org/10.1016/j.
worlddev.2022.106067

Venkatesh, V., & Bala, H. (2008). Technology acceptance model 3 and 
a research agenda on interventions. Decision Sciences, 39(2), 
273–315. https://doi.org/10.1111/j.1540-5915.2008.00192.x

Venkatesh, V., Morris, M. G., Davis, G. B., & David, F. D. (2003). 
User acceptance of information technology: Toward a 
unified view. MIS Quarterly, 27(3), 425–478. https://doi.
org/10.2307/30036540

West, S. G., Taylor, A. B., & Wu, W. (2012). Model fit and model 
selection in structural equation modeling. In R. H. Hoyle (Ed.), 
Handbook of structural equation modeling (pp. 209–231). The 
Guilford Press. https://bit.ly/3QOUP6H

Xie, H., & Huang, Y. (2021). Influencing factors of farmers’ adop-
tion of pro-environmental agricultural technologies in China: 
Meta-analysis. Land Use Policy, 109, Article 105622. https://doi.
org/10.1016/j.landusepol.2021.105622 

https://cran.r-project.org/package=psych
https://cran.r-project.org/package=psych
https://doi.org/10.1016/j.dib.2021.107384
https://doi.org/10.1016/j.dib.2021.107384
https://doi.org/10.1201/9780429447273
https://doi.org/10.1201/9780429447273
https://doi.org/10.3102/0034654308325896
https://doi.org/10.3102/0034654308325896
https://doi.org/10.1016/j.jrurstud.2017.01.020
https://doi.org/10.1016/j.jrurstud.2017.01.020
https://doi.org/10.1016/j.promfg.2018.03.137
https://bit.ly/474GHfd
https://bit.ly/49tGMLe
https://doi.org/10.1596/978-0-8213-6807-7
https://doi.org/10.1016/j.worlddev.2022.106067
https://doi.org/10.1016/j.worlddev.2022.106067
https://doi.org/10.1111/j.1540-5915.2008.00192.x
https://doi.org/10.2307/30036540
https://doi.org/10.2307/30036540
https://bit.ly/3QOUP6H
https://doi.org/10.1016/j.landusepol.2021.105622
https://doi.org/10.1016/j.landusepol.2021.105622

