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This study evaluates the impact of agricultural credit on productivity of Musaceae (banana and 
plantain) in farmers from Valle del Cauca (Colombia) using data from National Agricultural Census 
of 2014. Additionally, the effect of credit on two productivity indices (PI1 y PI2) was evaluated, PI1 
measured in tons of production per hectare and PI2  in ton of production per employee. To evaluate 
this impact, the counterfactual without treatment was estimated using the information of those farmers 
who obtained a credit and similar farmers who did not. Therefore, to control the selection bias, 
derived from the fact that the credits are not awarded randomly, this study uses the Propensity Score 
Matching (PSM) methodology applying the 4-nearest neighbor matching algorithm. In general, for 
banana producers, the results suggest that access to agricultural credit has positive and significant 
effects with an increase in productivity per hectare (PI1) of 8.4%; on the other hand, for  PI2  the result 
was not statistically significant, however, it may be an indicator that the farmer is not using human 
resources efficiently to achieve the increase obtained in PI1 . Finally, this study suggests that access 
to agricultural credit may not be decisive in increasing the productivity of the plantain crop, given that 
the effect on the two indices evaluated was indeterminate. 

Este estudio evalúa el impacto del crédito agrícola sobre la productividad de Musáceas (plátano 
y banano) en productores del Valle del Cauca (Colombia) utilizando los datos del Censo Nacional 
Agropecuario del 2014. Adicionalmente, se evaluó el efecto del crédito en dos índices de 
productividad (PI1 y PI2), PI1 medido en toneladas de producción por hectárea y PI2  en toneladas 
de producción por empleado. Para evaluar dicho impacto se estimó el contrafactual sin tratamiento 
utilizando la información de aquellos agricultores que recibieron el crédito y agricultores similares 
que no. Por lo tanto, para controlar el sesgo de selección, derivado de que los créditos no se otorgan 
aleatoriamente, este trabajo utilizó la metodología del Propensity Score Matching (PSM) aplicando 
el algoritmo de emparejamiento 4-nearest neighbor. En general, para los productores de banano, 
los resultados sugieren que acceder a un crédito agrícola tiene efectos positivos y significativos con 
un aumento de la productividad por hectárea (PI1) del 8,4%; por otra parte, para PI2 el resultado 
fue estadísticamente no significativo, sin embargo, puede ser indicador de que el agricultor no usó 
eficientemente el recurso humano para lograr el incremento obtenido en PI1. Finalmente, este estudio 
sugiere que el acceso al crédito agrícola puede no ser decisivo para aumentar la productividad del 
cultivo de plátano, dado el efecto indeterminado en los dos índices evaluados.
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M
usaceae (banana and plantain) are part of the 
main food products in the world, these crops 
play an important role in the socioeconomic 
growth of developing countries located in 

tropical and subtropical regions. According to FAO in 
2019 the world production of bananas was 116 million 
tons and of plantain 41 million tons.

In Colombia, banana production in 2020 exceeded 2.4 
million tons with a harvested area of more than 103,000 
hectares, and with 86% of the national production 
destined for export. The average yield per hectare of 
bananas was 24.4 t ha-1 in 2020. The department of 
Valle del Cauca had a total banana production in 2019 
of around 68,300 tons, being the third department with 
the highest production nationwide and an average yield 
of 14 t ha-1, at the same time, it should be noted that 
in terms of production for the national consumption, 
it occupies the first place with a 25% stake (MADR, 
2021a).

According to the MADR (2021b) (Ministry of Agriculture 
and Rural Development from Colombia by its acronym 
in Spanish) in 2019, plantain production in Colombia 
exceeded 4.3 million tons with a planted area of more 
than 450,000 hectares, in this way, the plantain became 
the most planted crop in the country, and the most 
important in food security. In Colombia, the average 
yield per hectare of plantain has been 8.3 t ha-1 for 
the year 2019, a higher yield than the world average, 
which for 2018 was calculated at 7 t ha-1. For its part, 
the department of Valle del Cauca for 2019 had a total 
production of about 320,000 tons, being the fourth 
department with the highest production nationwide and 
an average yield of 11 t ha-1.

This research has the interest of studying the department 
of Valle del Cauca since according to the results of the 
last National Agricultural Census of 2014, the food 
production of it was 3.2 million tons, while the national 
production was around 33.2 million tons, placing Valle 
del Cauca in the first place of production with a stake of 
9.6% (DANE, 2015).

In this way, to promote and increase the productivity of 
Musaceae crops in the department of Valle del Cauca, 
economic and technical resources are necessary 

that lead to the modernization of the production 
chain. According to Yang and Zhu (2013) agricultural 
modernization implies increasing the efficiency in the 
use of natural resources, monitoring and subsequent 
improvement of the organization of the production 
process and the active implementation of innovative 
technologies, therefore large investments and financial 
and productive resources are necessary.

Agricultural production is related to the period that 
elapses from the initial investments, the purchase of the 
inputs required for the establishment, and subsequent 
maintenance of the crop until the time of harvest and/or 
marketing of the products, said period includes stages of 
risk and uncertainty for the production process (Seven 
and Tumen, 2020). Therefore, access to agricultural 
credit programs can play a crucial role in the possible 
management of these risks, thus sustainably achieving 
growth in agricultural productivity and supporting 
decisions during the production process (Eswaran 
and Kotwal, 1986). Likewise, the main objective of 
granting credit is not only to improve the production and 
commercialization of the agricultural sector, is also to 
promote technological change (Fernández Moreno et 
al., 2011).

For the reasons mentioned above, many authors have 
used different methods and models to evaluate the 
impact that accesses to an agricultural credit program 
generates for a certain group of people on productivity, 
quality of life, and others.

International authors as Ciaian et al. (2012) estimated 
how access to agricultural credit affected input 
requirements and agricultural efficiency in CEE transition 
countries (Central and Eastern Europe). To do so, they 
turned to a farm-level single-panel dataset with 37,409 
observations and used a matching estimator. Within 
their results, they found that access to agricultural credit 
increases total factor productivity by up to 1.9% for every 
1,000 euros of additional credit, this in turn is based on 
a negative effect of access to credit on labor, suggesting 
that these two are substitutes.

Chandio et al. (2019) examined the impact of agricultural 
credit and farm size on the technical efficiency of rice 
productivity in Sindh, Pakistan. For that, they collected 
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data from 180 rice farmers using a cross-sectional 
random sampling technique and did analysis through 
Maximum Likelihood Estimation (MLE). Among their 
results they found that credit, farm size, fertilizers, and 
labor have positive and significantly influenced rice 
productivity.

It is also important to mention that credit restrictions are 
of special interest when evaluating the access that a 
farmer may have, for example, Seck (2021) applied an 
endogenous commutation regression model to examine 
heterogeneous credit constraints and their effect on 
the productivity of small farmers in Senegal, obtaining 
results that indicate that credit restrictions hinder the 
productive performance of farmers.

A study conducted for Elahi et al. (2018) in 48 villages in 
the Sargodha district of Punjab, Pakistan, analyzed farmers 
access to agricultural advisory and financial services, and 
their impact on wheat productivity using Propensity Score 
Matching methodology (PSM). They found results showing 
that access to farm advisory services improves wheat 
productivity, as well as significant differences between 
farmers who had simultaneous access to farm advisory 
and financial services compared to those who had access 
to one or neither, were also found.

Owusu, (2017) applied also PSM methodology to assess 
the effect of access to credit on agricultural productivity 
of cassava in Ghana. The results showed that access to 
credit was determined by different factors such as: age, 
gender, level of education, size of the household and of 
the farm, agricultural experience, and extension service, 
as well as the hired labor and the distance between the 
farmer and the lender. Finally, the author found that 
credit has a positive and significant effect on cassava 
productivity.

Contrary to what was previously presented, other 
authors such as Nakano and Magezi (2020) found 
results in which financing is not necessarily related 
to increased productivity. They analyzed the impact 
of microcredit on technology adoption and rice crop 
productivity in Tanzania by conducting a randomized 
control trial (RCT) to estimate the intention-to-treat (ITT) 
effect as well as local average treatment effect (LATE) 
of microcredit, using treatment status as instrumental 

variable (IV). They obtained results in which it is evident 
that the financing programs granted do not result in an 
increase in rice yields, profits from rice cultivation or 
family income.

In the case of Colombia, Echavarría, Villamizar-Villegas, 
and Mcallister (2017) evaluated the impact of credit in the 
coffee sector, using a panel data model with fixed effects 
and instruments, together with common support given by 
estimated propensity scores, their results suggest that 
credit has a beneficial and significant effect on outcome 
variables. Echavarría, Villamizar-Villegas, Restrepo-
Tamayo et al. (2017) through a Propensity Score Matching 
(PSM) analysis, studied the effect on some variables such 
as farm yield, and the Multidimensional Poverty Index 
(MPI) for long and short cycle crops. In general, the results 
suggested that the various types of credit have a positive 
and significant effect on yield (between 3% and 28%).

The main purpose of this research is to investigate the 
question of how access to agricultural credit affects 
agricultural productivity in Musaceae crops (plantain and 
bananas) in the department of Valle del Cauca (Colombia). 
To answer this question, data from the 2014 national 
agricultural census was used, and econometric methods 
were applied to analyze the relationship between access to 
agricultural credit and two productivity indices considered 
as production per hectare and production per employee. 
Following the existing literature, the main contributions of 
this study be listed below: it is the first study that has been 
developed that assesses the impact of agricultural credit 
at the departmental level, analyzing the crops of banana 
and plantain in specific way. Second, in this study two 
important factors or productive resources are considered 
to evaluate and analyze the efficiency and effectiveness 
in agricultural productivity, which are the surface of the 
land in which the crop is established and the labor. Third, 
this study considers the possible endogenous problems 
caused by the “selection bias” of the sample, so the non-
parametric Propensity Score Matching (PSM) method was 
applied to estimate the impact of access to different credit 
programs in agricultural productivity in Musaceae crops.

MATERIALS AND METHODS
Data
This research will be based on survey data published 
by the National Administrative Department of Statistics 
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(known by its acronym in Spanish DANE) in 2017, 
obtained from the National Agricultural Census (CNA 
for its acronym in Spanish) carried out in 2014 in 
Colombia; said census is identified at the level of the 
Agricultural Production Unit (UPA for its acronym 
in Spanish respectively)1. Therefore, UPA was the 
analysis unit for this research. Moreover, the results of 
CNA questionnaire, were structured in several modules 
where each one of them provided unique information. 
For this reason, files related to the characteristics of 
UPAs, people, crops, machinery, and infrastructure 
were of interest.

As CNA was carried out in 2014, all the information about 
agricultural production and earned credit correspond to 
2013. Therefore, the results found express the changes 
in productivity of that year based on access to credit in 
that year.

The CNA covered a total of 2,370,099 UPAs nationwide. 
Valle del Cauca, which is the zone of interest for this 
study located in the southwest of the country has 3.2% 
of the UPAs registered (76,874). To meet the objectives 
proposed in this research, the data base was filtered, 
and it was reduced to banana producers (1,501), 
plantain producers (4,232) and farmers with both crops 
(880).

Treatment variable
Initially, the agricultural credit as “treatment variable” 
responds to the CNA question: “Was the requested 
credit or financing approved?”, it is a dichotomous 
variable in which if the credit was approved the value 
it takes is 1 and 0 if it was not obtained. As the credit 
acceptability rate is quite high, since in average 87% 
of the Musaceae producers obtained the credit (DANE, 
2017), this becomes a limitation since the application of 
the PSM methodology requires a big population to form 
the control group, therefore it is proposed to include 
those farmers who did not request financing or credit in 
the control group and manage the possibly systematic 
differences produced with the implementation of said 

1  According to DANE (2014), UPA is all land that is fully or partially 
dedicated to agricultural production and that is worked, directed, or 
administered as a technical and economic unit, directly by a person 
or with the help of other persons without regard to the tenure system, 
legal status, size, or location.

methodology. The credits granted come from any 
entity such as banks, cooperatives, individuals or 
moneylenders, government programs, or warehouses 
of agricultural and agro-industrial inputs.

Dependent variable (Productivity Index 1 and 2)
The variable of interest or result was agricultural 
productivity measured in two indices proposed in this 
study. The first productivity index PI1  was calculated 
as the natural logarithm of the division of production (in 
tons) by the harvested area (in hectares), the second 
index PI2  was calculated as the natural logarithm of the 
division of production (in tons) by the total number of 
employees in the farm (including permanent and daily 
employees belonging or not to the family, that is, all the 
labor available for the agricultural activity).

In general, in this research, the natural logarithm was 
applied to some variables, as can be seen in Tables 
1 and 2 (including productivity indices), since for the 
econometric analysis, applying the natural logarithm, 
the effect of the units of the variables on the coefficients 
is eliminated, and given the properties of the logarithms, 
some complex mathematical operations are facilitated.

Method
Because credits are not awarded randomly among 
farmers, there is a selection bias problem, which will 
cause ordinary least squares (OLS) estimate to produce 
a biased effect of the impact of credit on agricultural 
productivity. Consequently, this research applies the 
Propensity Score Matching PSM methodology to 
obtain the causal effect of the granting of agricultural 
credit, however, its application assumes of conditional 
independence, which establishes that the selection 
of the treatment is given exclusively by observable 
variables.

According to Vinha (2006) the general idea of this 
methodology is to evaluate the impact of estimating the 
counterfactual without treatment using the information of 
those individuals who have received the treatment and 
similar individuals who did not receive. In the same way, 
Heinrich et al. (2010) point out that the PSM solves the 
question of what would have happened to the participating 
individuals in the absence of treatment using information 
from the group of those individuals who did not participate. 
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For this study, the objective is to form a control group 
with farmers who have a propensity scores (PSCORE) 
or probability b(x)  similar with those who received 
agricultural credit. By comparing how results differ between 
participating and nonparticipating individuals who have 
equivalent observable characteristics (control variables), 

the intervention effect is estimated by averaging the 
differences between the participants and their matched 
comparison cases. In this way, the PSM methodology 
allows to calculate the Average Treatment Effect on the 
Treated (ATT). Therefore, the impact of the agricultural 
credit on productivity indices studied can be given by: 

1 0 1 0
1 1 1 1 1ATT E{PI |b(x),WAC 1} E{PI |b(x),WAC 0} E{PI PI |b(x)}= = − = = −

1 0 1 1
2 2 2 2 2ATT E{PI |b(x),WAC 1} E{PI |b(x),WAC 0} E{PI PI |b(x)}= = − = = −

Where, treatment condition (With Agricultural Credit) is 
denoted by WAC =1 and WAC = 0 otherwise, and the 
impact variable (PI1 and PI2) of interest is denoted by        ,
      if the credit was received, and      ,       otherwise.

It is worth to mentioning the weaknesses of this 
method as Hoz Aguilar, (2019) did, who summarizes 
the following limitations: PSM technique requires large 
databases, one of its conditions to be used is that the 
region of common support between the treated and 
untreated must be met and also it is not possible to 
establish or demonstrate that there are no differences 
in unobserved variables, since these can affect both the 
probability of participation and the results.

Control variables
The control variables included two main categories. 
The first category included factors that can affect the 
agricultural productivity as systems or technology used 
in the crops, for this research it was taken into account 
if the farmer implements a pressure irrigation system 
(drip, sprinkler, pumping) or a surface system by gravity 
or manual, another indicator of the modernization of 
agricultural work can be the existence or not of agricultural 
machinery, use of fertilizer organic, chemical or other 
method to improve the soil. Other determinants that can 
affect productivity were the area (in hectares) allocated 
to agricultural infrastructure such as warehouses, ponds, 
silos, wells, etc., the land area (in hectares) occupied by 
the UPA and if the farmer received technical assistance.

And the second category covers the personal 
characteristics of the farmers including level of education 
calculated as percentage of people without education 

living in the farm, as well as their race, understanding 
by majority those who do not belong to an indigenous, 
gypsy, raizal or black groups, and if farmers use of 
permanent and/or temporary employees including family 
members.

Thus, these variables become control variables, since 
they can systematically generate different groups. This 
will be corroborated in the following analysis and results 
section (Descriptive Statistics), where it will be possible 
to observe if there are significant differences between 
the group made up of farmers who accessed agricultural 
credit and those who did not, according to each of the 
control variables.

RESULTS AND DISCUSSION
Descriptive statistics
This section presents the descriptive statistics 
corresponding to the sample used to estimate the impact 
of agricultural credit. According to the results of the 
descriptive statistics alone (Table 1 and Table 2), when 
the agricultural credit is approved, the average value of 
the PI1 for plantain crops and PI2 for plantain and banana 
crops are higher and significantly different, this suggests 
a possible positive correlation between access to credit 
and the productivity indexes studied. However, in the 
case of PI1 for banana crop, although it presents higher 
average values for the treated group, the difference is 
not statistically significant, suggesting that there is no 
positive effect of agricultural financing on this.

Another interesting result is about technical assistance, 
which does not have significant differences between 
the average values of the two groups but has a higher 

1
2PI 0

1PI 0
2PI

1
1PI
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value in the treatment group than in the control group. 
However, technical assistance was considered within 
the group of control variables, since according to the 

census questionnaire, advice on credit and financing 
was part of the technical assistance received by some 
of the farmers.

Table 1. Definition and descriptive statistics of dependent variables with and without agricultural credit.

The dependent variable Definition
Untreated (Without credit) Treated (With credit) Mean 

differenceMean SD Mean SD

ln_banana_prod_1 Banana PI1  2.188 0.252 2.195 0.184 -0.007
ln_banana_prod_2 Banana PI2 -0.540 1.896 1.034 1.905     -1.573***
ln_plantain_prod_1 Plantain PI1  1.940 0.181 1.957 0.192    -0.018**
ln_plantain_prod_2 Plantain  PI2  0.320 1.939 0.827 1.806      -0.507***

*P<0.10, **P<0.05, ***P<0.01.

Table 2. Definition of control variables obtained from questionnaire of CNA and descriptive statistics with and without agricultural credit.

Control
variables Definition

Untreated 
(Without credit)

Treated (With 
credit) Mean

difference
Mean SD Mean SD

irr_pres A dichotomous variable was created for the following 
categories: 

 
• irr_pres = Pressure irrigation systems (Aspersion, Drip, 

Pumping),  
• irr_sup = Surface irrigation system (Gravity and Manual) 

 
For example: irr_pres: it will take a value of one (1) if any 
pressure irrigation system were used and zero (0) in any 

other case.

0.111 0.314 0.128 0.334 -0.017

irr_sup 0.141 0.348 0.211 0.408 -0.070***

agr_mach
Existence of agricultural machinery. It takes a value 

of one (1) if the answer was “yes” and zero (0) for the 
others.

0.335 0.472 0.603 0.490 -0.268***

soil_1 A dichotomous variable was created for the following 
categories: 

 
• soil_1 =Organic Fertilizer 

• soil_2 =Chemical Fertilizer 
• soil_other =Other (Corrector of soil acidity, burns, 

prayers, rites, payments) 
• soil_8 =Did not apply 

 
For example: soil_1: it will take a value of one (1) if 

organic fertilizer was used and zero (0) in any other case.

0.331 0.471 0.462 0.499 -0.131***

soil_2 0.315 0.465 0.626 0.484 -0.310***
soil_other 0.030 0.172 0.043 0.202 -0.012*

soil_8 0.465 0.499 0.145 0.352 0.321***

ln_agr_infr
Measure the total area in constructions or agricultural 

infrastructure of the UPA (ln)
3.728 1.494 3.989 1.498 -0.261***

ln_area_apu_ha Measure the total area of the UPA (ln) 0.704 1.752 1.140 1.422 -0.436***
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Table 2

The dependent 
variable Definition

Untreated 
(Without credit)

Treated (With 
credit) Mean 

difference
Mean SD Mean SD

Technical_
assistance

Agricultural assistance or advice. It takes a value of 
one (1) if the answer was “Yes” option and zero (0) 

for the “No” option.
0.318 0.466 0.340 0.474 -0.022

without_education_
pct

• Percentage of people with basic education 
(Preschool, Basic primary, Basic secondary, 

Medium)
 

• Percentage of people with high education 
(Technician, Technological, University, 

Postgraduate)
 

• Percentage of people with without education 
(None) 

15.301 28.055 8.312 20.030 6.989***

majority_pct

Percentage majority, for which option “f” is 
considered for majorities and for minorities the 

other cases.
a) Indigenous 

b) Gypsy 
c) Raizal 
d) Black  

e) Palenquero 
f) None of the above

49.466 49.503 86.315 33.877 -36.849***

ln_employees Number of permanent employees (ln) 0.603 0.650 0.720 0.676 -0.117***

ln_dayly_
employees

Number of daily employees (ln) 1.337 1.127 1.599 1.265 -0.262***

*P<0.10, **P<0.05, ***P<0.01.

There are significant differences between the control and 
treatment groups if the farmer implements some type of 
innovation on the farm, such as the use of agricultural 
machinery, application of some method to improve soil 
fertility, or if an irrigation system is installed. On average, 
who accessed an agricultural credit has the highest 
percentage of the population with owns agricultural 
machinery (61%), implements chemical fertilization (63%) 
over organic fertilization (46.2%), and uses irrigation 
systems (on average, the surface irrigation system is 
more implemented than pressurized).

The group that did not receive any type of credit have 
an average of 15.3% of its population without education 

(basic or high) while those who received the credit, only 
8.3%. On the other hand, on average 86% of people who 
received some types of agricultural credit do not belong 
to some ethnic minority group, while those who did not 
receive it, have an average of 50% minorities.

In general, as can be seen in Table 1 and Table 2, the 
groups have different means in the group that had access 
to agricultural credit and in those that did not receive it, 
which leads to the conclusion that they are not randomly 
distributed. Therefore, these differences confirm the 
need to create a control group that is comparable to the 
group that accessed agricultural credit and to apply the 
methodology proposed in this research.
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Common support
The common support shows the probabilities of participation 
for both UPAs with credit and those without. As can be seen 

in Figure 1, exist a common support, since each UPA with 
credit and with a defined probability can be associated or 
“matched” to a unit without credit with a similar probability.

Table 3. Balance test results for 4-nearest neighbor matching (Banana crop).

Variable
Unmatched Mean    %reduct

Matched      Treated         Control         %bias     |bias| t

Implementation of an agricultural 
irrigation system (Pressure)

U 0.17143 0.03065 47.7     4.51***
M 0.14706 0.09191 18.7 60.8 0.99

Implementation of an agricultural 
irrigation system (Superficial)

U 0.28571 0.06897 58.8     5.24***

M 0.26471 0.27206 -2 96.6  -0.1

Existence of agricultural machinery. U 0.82857 0.50958 71.8     4.96***
M 0.82353 0.84926 -5.8 91.9 -0.4

Use of Organic fertilizers. U 0.54286 0.44061 20.5  1.52
M 0.54412 0.54412 0 100   0

Use of Chemical fertilizers U 0.61429 0.25287 77.9           6***
M 0.60294 0.64338 -8.7 88.8 -0.48
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Figure 1. Propensity Score histogram for treatment and control groups.

Balance test 
Before using PSM, the samples must pass the balance 
test, which ensures that there is no systematic difference 
between the treatment group and the control group after 
pairing. In other words, it is necessary to verify that the 

post-pairing rocking has corrected the problem of selection 
in observables, which was evidenced by the tests of 
differences of means carried out in the item “Descriptive 
statistics”. As can see below, Table 3 and Table 4 show 
balance test results for each crop.
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*P<0.10, **P<0.05, ***P<0.01.

Table 3

Variable
Unmatched Mean    %reduct

Matched      Treated         Control         %bias     |bias| t

Other types of methods to improve the 
soil (burning, prayers, rituals, etc.)

U 0.08571 0.05747 10.9 0.86
M 0.07353 0.07721 -1.4 87 -0.08

No application of any methods to 
improve the soil.

U 0.12857 0.42912 -70.9     -4.78***
M 0.13235 0.12132 2.6 96.3  0.19

Area with agricultural infrastructure. U 4.0958 3.4896 40           3***
M 4.1079 4.1455 -2.5 93.8 -0.13 

APU (Agricultural Production Unit) 
Area.

U 1.6202 1.2309 29.9        2
M 1.5914 1.514 5.9 80.1   0.36

Agricultural assistance or advice. U 0.38571 0.29119 20   1.52
M 0.38235 0.34191 8.5 57.2   0.49

Level of education (% Without 
education).

U 8.0602 11.176 -14   -1.04
M 8.2973 7.9915 1.4 90.2    0.09

Ethnic group (% Majorities). U 76.19 26.693 115.6        8.56***
M 75.49 77.934 -5.7 95.1   -0.34

Number Permanent Employees. U 0.9197 1.0192 -12.9   -0.98
M 0.9306 0.95572 -3.3 74.7   -0.19

Daily employees on the farm. U 1.6894 1.4701 18    1.47
M 1.7025 1.5513 12.4 31    0.63

Table 4. Balance test results for 4-nearest neighbor matching (Plantain crop).

Variable
Unmatched Mean %reduct

Matched Treated Control %bias |bias| t

Implementation of an 
agricultural irrigation system 

(Pressure)

U 0.15897 0.12343 10.2 1.26

M 0.15979 0.14562   4.1 60.1 0.39

Implementation of an 
agricultural irrigation system 

(Superficial)

U 0.25641 0.16279 23.1       2.9***

M 0.25258 0.21263   9.9 57.3 0.93

Existence of agricultural 
machinery.

U 0.77436 0.60644 36.9     4.28***
M   0.7732 0.78995  -3.7 90 -0.4

Use of Organic fertilizers.
U 0.54872 0.49195 11.4 1.37
M 0.55155 0.52062   6.2 45.5 0.61
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* P<0.10, **P<0.05, ***P<0.01

Variable
Unmatched Mean %reduct

Matched Treated Control %bias |bias| t

Use of Chemical fertilizers
U 0.68718 0.50805 37.1      4.38***
M 0.68557 0.70103  -3.2 91.4 -0.33

Other types of methods to 
improve the soil (burning, 

prayers, rituals, etc.)

U 0.08205 0.05546 10.5 1.32

M 0.08247 0.08119   0.5 95.2 0.05

No application of any 
methods to improve the soil.

U 0.08718 0.23614 -41.3     -4.55***
M 0.08763 0.10052  -3.6 91.3 -0.43

Area with agricultural 
infrastructure.

U   4.0337   3.8601  12.1 1.39
M   4.0301   3.9007   9.1 25.5 0.94

APU (Agricultural 
Production Unit) Area.

U   1.4955   1.2544 17.6    2.02**
M   1.4923   1.3803   8.2 53.6 0.84

Agricultural assistance or 
advice.

U 0.33846   0.3542  -3.3  -0.4
M 0.34021 0.34021 0 100 0

Level of education (% 
Without education).

U       6.12   9.6041   -18    -2.08**
M   6.1516   6.1318   0.1 99.4   0.01

Ethnic group (% Majorities).
U     89.42     63.89 64.1       7.02***
M   89.366   90.108  -1.9 97.1 -0.24

Number Permanent 
Employees.

U 0.85719 0.78704   9.7 1.19
M 0.85446   0.8328  3 69.1 0.29

Daily employees on the 
farm.

U   1.7464 1.4652 22.2      2.69***
M   1.7296 1.733  -0.3 98.8 -0.03

Table 4

According to balance test (Table 3, Table 4), there is 
evidence of a reduction in the selection bias in observables. 
Therefore, it is argued that the consistency of the results 
through the balancing test is an indication of  the robustness 
and reliability of the results found.

Banana productivity
As can be seen in Table 5, the impact of agricultural credit 
on PI1 is positive and significant (8.4%). Therefore, it can 
be affirmed that banana producers who have access to 
agricultural credit, they achieve an average 8.4% increase 
in tons produced per hectare, contrary what was initially 

suggested in basic analysis of descriptive statistics, 
where a possible non-relationship between access to 
agricultural credit and the PI1 was intuited. To get an 
idea of the magnitude of the effect calculated with PSM 
methodology in terms of the unit of measurement of the 
result variable, an average an increasing the yield from 
8.8 to 9.5 t ha-1 is expected, in other words an increase 
of almost 1 t ha-1.

As mentioned in the introduction, the production of 
bananas in Valle del Cauca is destined for national 
consumption, however, this crop at the national level 
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Table 5. Results of propensity score matching for banana crops applying 4-nearest neighbor matching and its standard error.

4-Nearest neighbor matching
ATT

Difference S. E

PI1 0.08430** 0.04255
PI2 0.50902 0.35741

Sample number of Control group 261
Sample number of Treatment group 68

 *P<0.10, **P<0.05, ***P<0.01.

mainly has an export market. According of this, FINAGRO 
(2018) (Financial entity for the Colombian agricultural that 
provides resources through banks, cooperatives, and 
microfinance intermediaries) affirm that for export-type 
bananas, systems production of high technological level 
is required. However, according to the results of the CNA, 
only 2% of the resources obtained by agricultural credit 
were invested in post-harvest processing, and other 16% 
were destined to the purchase of machinery.

Regarding PI2, this had a positive but statistically non-
significant effect with high SE value (35%) obtained. 
Therefore, for this index, accurate results are not obtained 
that allow affirming the causal effect of agricultural credit 
in the labor productivity. According to CNA, approximately 
20% of the resources obtained from the granting of 
agricultural credit is used to pay the labor, the third highest 
items in which it is invested (32% is invested in inputs and 
20% in installation of the crop). To improve PI2  with the 
existing labor, the employee should receive training and 
use tools that allow optimize work such as specialized 
machinery or the application of best agricultural practices.
 
Relating the results obtained between the two productivity 
indices, it is found that if there is no significant increasing 
in PI2  with the increase in PI1 when a credit is obtained, it 
is probably because the employees continue to have the 
same performance generating a low variation in the PI2. For 
this reason, especially in this case, it can be said that PI2  is 
an indicator that the farmer would be working inefficiently, 
that is, the human resources are not being optimized. 

At this point it should be noted that the Colombian rural labor 
market presents great challenges related to increasing the 

quality of jobs, increasing formality, and female participation 
(Parra-Peña, Puyana, and Yepes Chica, 2021). All these 
factors mentioned, play an essential role in improving 
agricultural productivity. According to Otero-Cortés (2019) 
during the 2010-2019 period in rural areas, the labor 
informality has rates significantly higher than urban ones; 
female labor participation continues very low in rural areas 
compared to that of men and the unemployment rate for 
them is higher than in the capitals; on the other hand, 
child labor continues to present high levels. 

Dulal and Kattel (2020) mention another important point 
of view that should be noted within this research, they 
in their study carried out in Nepal affirm that there were 
no more opportunities to increase banana production by 
investing in land preparation, labor, and fertilizers, instead, 
suggest that an insurance scheme helps improve banana 
production and income, as they make farmers take risks, 
market more and seek more business opportunities. For 
the present study, this information was not accessed, 
but it is exhorted that the entities that oversee granting 
credits or financing, offer a suitable insurance scheme, 
as well as to raise awareness in the producer of the 
benefits of this.

Plantain productivity
As can be seen in Table 6, for PI1 a negative effect that 
suggest a decrease in productivity equivalent on 0.08% 
was found, and for PI2 a positive coefficient interpretated as 
a productivity increase of 19.13% was obtained; however, 
both were non-significant results. Therefore, there is not 
enough statistic evidence to demonstrate any effect of 
access to agricultural credit in the indexes evaluated for 
this crop.



10146

Rev. Fac. Nac. Agron. Medellín 76(1): 10135-10148. 2023

Rivera-Acosta J, Xiuchuan X

Table 6. Results of propensity score matching for plantain crops applying 4-nearest neighbor matching and its standard error.

4-Nearest neighbor matching
ATT

Difference S. E

PI1 -0.00080 0.02887
PI2 0.19129 0.20154

Sample number of Control group 559
Sample number of Treatment group 194

 *P<0.10, **P<0.05, ***P<0.01.

As stated in the introduction, plantain crops currently 
work as a crop destined for national consumption with 
important growth projections, however, the results 
obtained have shown that the financing is not generating 
positive results in the productive improvement of plantain 
in the farmers from Valle del Cauca. For his part, Jesús 
Alberto Rodríguez Paz, (2020) points out in his work on 
the impact of agricultural credit on productivity at the 
national level, that some negative results may be since 
farmers in Colombia allocate the resources obtained to 
maintain the crop and not to improve the productivity. 

According to CNA data, the plantain producers use the 
resources mainly to pay for agricultural inputs, labor, 
and installation of crops. However, no investment 
has been made in agricultural infrastructure or post-
harvest processes, variables that in practice have been 
considered essential to increase productivity. There 
are some factors that influence decision-making on 
the advisability of investing in the variables mentioned 
above, such as specialized advice, knowledge, the 
farmer’s openness to new technologies, among others.

The negative and indifferent effect of credit on 
productivity may also be due to the time the survey was 
carried out, since the crop could be in sowing, and only 
until the time of harvest are the results of the investment 
expected to be obtained, as is explained by Echavarría 
et al, (2017) who in their study at the national level, found 
positive and significant effects of credit in transitory or 
short-cycle crops and a negative effect in permanent 
and annual crops.

On the other hand, Dépigny (2019) also highlight that 
the high cost of crop plantain is particularly due to the 
necessary inputs, this is considered by farmers as 
one of the main reasons for the low success of the 

crop. In the case of plantain producers in Valle del 
Cauca, around 35% of the resources obtained through 
agricultural financing are used for agricultural inputs 
(seeds, fertilizers, insecticides, pesticides).

Finally, it should be noted that in Valle del Cauca only 13 % 
of Musaceae producers apply for credit, even though 87% 
are approved by some financial entity, which indicates 
that the main problem is not access to credit specifically. 
The difficulty may rather lie in the conflicts over land in 
Colombia, which can be summarized as: armed conflict, 
land with an agricultural vocation dedicated to other 
activities, and social inequality (Deininger, Castagnini, 
and González, 2013).

CONCLUSION
The impact of agricultural credit on the productivity of 
Musaceae crops in Valle de Cauca Colombia was analyzed. 
For banana crops, a positive and significant effect of 
credit on the tons produced per hectare was obtained 
(increase of 8.4%), however, significant results regarding 
the effect of credit on tons produced per employee were 
not found. Relating the results found from PI1 and PI2, it 
can be concluded that the farmer has not optimized and 
managed the available human resource. On the other 
hand, there was no statistical evidence of an increase 
or decrease in plantain productivity as consequence of 
the credit access. 

Considering the results of the agricultural census, the 
investment of agricultural credit in both crops differs 
mainly in two items:

1.	 The low percentage of investment in post-harvest 
processes in plantain (0.6%) while in banana it was 2%.

2.	 There is 4% more investment in inputs in plantain 
crops than in banana crops.
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As mentioned in the analysis of results, when agricultural 
credit has a maintenance approach and not productivity 
improvements, it has a direct impact on the results 
obtained; however, considering the Valle del Cauca 
banana market and the differences in investment of the 
credit in each crop, can be the reasons for the difference 
in the results obtained for both crops, however, is invited 
to develop researches that consider the effects of the 
credit programs on agricultural productivity when is 
investing in specific items.

As the impact evaluations are valuable tools for the 
design of good public policies, helping to reveal their 
quality and effect. The most important contribution of 
this research was to reveal the impact of accessing 
agricultural credit in Musaceae producers from Valle 
del Cauca, considering two transcendental productive 
factors: land and labor. In addition, it was shown what 
items were being invested in once accessed it and the 
openness that the farmer had to agricultural credit. In 
other words, through this research was understanded 
the investment priorities of the farmer and the rate of 
participation in said credit programs, demonstrating that 
despite the high rate of credit granting compared to the 
low participation, it opens the door to the discussion 
of the weaknesses of financing policies to reach all 
farmers. In addition, with the results obtained once 
again, the high costs of inputs that the farmer faces and 
that prevent investing in other items that allow them to 
increase productivity efficiently are demonstrated.

Additionally, it is invited to compare the impact of credit 
programs on agricultural productivity of other crops of 
departmental and/or national interest with different 
methods and approaches. Moreover, it is considered 
important to take into account how credit programs are 
designed and its target population.
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