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Abstract: In recent years the yield of fruits and vegetables have been decreasing in Colombia, 

threatening national food security. Analysis of crop production data may lead to identifying 

cropping systems that have shown better adaptability to changes in climatic and non-climatic 

factors associated with agricultural production. The open database AGRONET keeps data of the 

agricultural activities conducted in Colombia, allowing to find the information organized by crops, 

regions and years; each row of the database registers farm information in Colombia. Aiming to 

identify resilient crops systems, agricultural data of fruits and vegetables were analyzed. First, 

trends in crop production were studied by year and locations, detecting the regions and crops with 

highest yields in the period from 2006 until 2020. Then, mixed linear regression and principal 

components analysis were applied to elucidate the relation between non-climatic factors and crop 

yield. In Colombia, vegetable production was more efficient than fruits, observing yields of 10.23 

and 13.33 t ha-1, respectively. On the other hand, the Colombian central region showed high yields 

for vegetables, while for fruits this was exhibited in northern and eastern locations. In the present 

study, yield variation responded to changes in the location of crop systems, while years had no 

effect on vegetable production. Furthermore, the price of the agricultural product and the cost of 

fertilizers were associated with the yield of the analyzed crops systems. In Colombia, carrot, 

cabbage, tomato papaya and pineapple are resilient crops whose yield increases especially by the 

regions where they are cultivated. 

Keywords: crops production; agricultural management; food security; open database 

 

Introduction 

Colombia’s fruits and vegetables production systems are very important for the country to 

improve economic development and national food security, then a description of the yield trends 

during the time for these crops is crucial. Recently, this is becoming predominant to understand how 

food and crops are produced and to determine the impact of environmental, social and economic 

factors on the cultivation system (Kamble et al., 2020). Furthermore, considering the challenges 

imposed by climate change, which have affected agricultural activity worldwide and are threatening 

global food security (Dumortier et al., 2020; Gurgel et al., 2021). It has been estimated that by 2050, 

crops yield should increase up to 60-110% to fulfill food needs, while negative impacts of agriculture 

on the environment and climate changes have to be reduced (Chen et al., 2011; Cui et al., 2018, Tester 

and Langridge, 2010). 

The improvement of national agricultural activities may start analyzing historical data of crop 

yields (Majumdar et al., 2017; Meuwissen et al., 2019), leading to identifying the adaptability of 

agricultural systems (Reidsma et al., 2007). Yield stability can be evaluated using several methods, 

which are mainly focused on the analysis of plant-environment interaction and its effect on 

productivity. For instance, yield means and variance of maize, soybean and wheat in Canada were 
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calculated to examine the effect of agricultural practices on the cultivation system. The analysis 

showed that input amounts and technification level have impacts on crop yields (Cabas et al., 2010). 

However, most of the research in this field is focused on understanding the effect of climate variables 

on crop yield, especially in cereal species (Elavarasan et al., 2018; Khaki y Wang, 2019; van 

Klompenburg et al., 2020).  

Agricultural databases are widely distributed and implemented to uncover trends and design 

national crop management strategies based on data analytics. Farmers may use this information to 

improve agricultural practices and investment decisions (Khaki and Wang, 2019). The information of 

the national crop productivity is crucial in other industries such as seed, fertilizer and agricultural 

machine production (Konduri et al., 2020; Majumdar et al., 2017). Linear regression models and 

multivariate analysis are an approach to examine crop production data (Calderini and Slafer, 1998; 

Juhos et al., 2015; Piepho, 1998; Renard and Tilman, 2019). 

The objectives of the present research are: i) characterize fruits and vegetables productivity in 

Colombia from 2006 to 2020, ii) identify fruits and vegetables crops with high yield stability and iii) 

determine differences among national regions and the effect of non-climate variables on crop 

productivity. 

Materials and methods 

Description of the database and the collected information 

Colombian agricultural data of crop productivity by farms were collected from AGRONET 

database (https://www.agronet.gov.co/Paginas/inicio.aspx). This database was developed and 

administered by the national agricultural ministry. The variables available in the database were: i) 

crop agricultural productivity, ii) agricultural commodity prices and iii) agri-inputs prices of 

fertilizers, fungicides, herbicides and insecticides. This information is grouped by regions, locations 

and crop species, and it is also organized by years from 2006 until 2020. Since the database contains 

information for all the crop species produced in Colombia, the data was filtered by crop species 

category, selecting only fruits and vegetables. The data was analyzed using the R software (R core 

team, 2016) as described as follows. 

Data analyses were conducted using descriptive and inferential statistics. These were 

implemented to describe the agricultural productivity of fruits and vegetables crops in Colombia for 

15 years, also to uncover the trends of different non-climatic factors associated with the industry. 

Multivariate analysis was used to study the collected data. First, data variability was analyzed to 

identify outliers in the sample, which were filtered using an outlier test. The filtered data set was 

used to describe fruits and vegetables productivity in Colombia from 2006 until 2020.  

An additional database (https://www.agronet.gov.co/Paginas/inicio.aspx), showing farmers’ 

investment on agricultural practices and products in Colombia for 2018, was used to validate the 

results observed when agricultural trends from 2006 until 2020 were analyzed. This database stores 

information of agricultural practices for 36 different major crops, showing the amount and prices of 

agri-inputs used by farms, crop yield and selling information of the agricultural products.  

Description of agricultural productivity for fruits and vegetables in Colombia  

Data variability of fruits and vegetables cropping systems were analyzed for the variables 

cultivated area (CAR), harvested area (HAR), total production (PRO) and yield (YIE). Then, trends 

of the agricultural productivity by type of crop were compared using annual means to display the 

current Colombia situation for fruits and vegetables. Comparisons among regions were conducted 

using the variable YIE to identify national regions with strengthened fruits and vegetables systems. 

The analysis was targeted on YIE because the result of this variable reflects the impact of climatic and 

non-climatic factors associated with the agricultural system (Piepho, 1998). Crops species contrasting 

was used to describe the local situation for fruits and vegetables in Colombia. Crops with the highest 

YIE were analyzed thoroughly. Similar analyses were conducted for the variables: commodity price 

(CPR), fertilizers price (FRP), fungicides price (FUP), herbicides price (HEP) and insecticides prices 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 September 2023                   doi:10.20944/preprints202309.0366.v1

https://doi.org/10.20944/preprints202309.0366.v1


 3 

 

(INP). These variables were regarded as associated with the system production and used to explain 

the variation among crops productivity.  

Evaluation of the crop yields to analyze agricultural systems stability 

Yield data from 2006 until 2020 was used to determine the highest productive agricultural 

system in Colombia among regions. First, fruits and vegetables crops with the largest means for YIE 

variable over the time were identified, then, those that were cultivated at least in 15 different regions, 

were selected. Mixed linear models (MLM) were applied to those crops previously selected to assess 

the stability of the cropping systems in the country. The variation caused by time (year) and location 

(department) in the agricultural systems was determined (Equation 1). This methodology is 

described by Piepho (1998). The stability of the yield variable accounts for a random effect that is not 

considered by the model, high values imply low stability of the crop (Piepho, 1998). The MLM for 

each selected crop was applied using the R lme4 package (Bates et al., 2015):  𝑦𝑖𝑗 = 𝜇𝑖 + 𝜐𝑗 + 𝑒𝑖𝑗 
where 𝑦𝑖𝑗 is the mean of the yield of a crop by certain year and region, 𝜇𝑖 is the fixed effect caused 

by the region where the crop was cultivated, 𝜐𝑗 is the random effect due to the year when crop was 

cultivated and 𝑒𝑖𝑗 is the residual effect of the model. 

Then, selected fruits and vegetables crops were analyzed comparing YIE means among 

Colombia regions. Analysis of variance (ANOVA) was applied to determine significance difference 

of crops productivity.  

Analysis of non-climatic factors on agricultural productivity among Colombian regions 

Principal component analysis (PCA) was used to determine the impact of non-climatic variables, 

CPR, FRP, FUP, HEP and INP on crop variables CAR, HAR, PRO and YIE. Before the analysis, a 

database combining agricultural productivity and non-climatic variable prices was constructed. This 

was conducted assuming that CPR, FRP, FUP, HEP and INP are related to CAR, HAR, PRO and YIE 

by the crop cultivation region and year. Then, this database was used to conduct PCA on 

standardized data. Data standardization was done using the z-score. The PCA was run in R software 

using the package Factominer (Lê et al., 2008). This analysis was done to complete the fruits and 

vegetables data set and also to the previous selected crops.  

The results obtained with the dataset for agricultural production from 2006 until 2020, were 

compared to a data set of agricultural practices in Colombia for the year 2018. This data contains 

information of agricultural activity in Colombian farms, showing holders practices about agri-inputs 

application. Data of the amount of fertilizers, herbicides, fungicides and insecticides were correlated 

to yield.  

Results 

Decreases of fruits and vegetables yield in Colombia  

Data trends for vegetables and fruits systems were analyzed, initially, grouping the information 

by type of crop, then variables were arranged by year and regions, to understand agricultural 

tendencies in Colombia by time and location. Data distribution of the variables CAR, HAR, PRO and 

YIE show wide variability for fruits and vegetables in Colombia from 2006 until 2020. In the last 15 

years, it was observed that CAR in Colombian farms may diverge from one to more than 100 hectares 

for both fruits and vegetables cropping systems. Means for CAR, HAR and PRO have been higher 

for fruits than vegetables, however, YIE has been higher for the second at the same time. Furthermore, 

data shows that vegetables systems used less area than fruits for sowing. On the other hand, the 

means of analyzed variables decreased from 2006 until 2020, with a minor increase in 2018. 

Nonetheless, it is clear that YIE of fruits and vegetables has widely decreased in Colombia, reaching 

values of 10.23 and 13.33 ton x ha-1, respectively in 2020 (Figure 1). In 2018 the amount of fruit and 
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vegetable production increased in Colombia, however YIE remains similar to previous years, 

indicating such increases relied on larger cultivated areas by farms (Figure 1). 

 

Figure 1. Trends for the means of cultivated area (CAR), harvest area (HAR), production (PRO) and 

yield (YIE) in fruits (lightblue) and vegetables (gray blue) in Colombia from 2006 until 2020 by farms. 

Local production of fruits and vegetables in Colombia 

Yield analysis for fruits and vegetables systems in the last 15 years shows that farms in Arauca 

and Risaralda locations have the largest values, with means of 18.25 y 20.08 ton x ha-1 for fruits and 

vegetables, respectively. Furthermore, farms at locations such as Valle del Cauca, Antioquia, and 

Santander, among others, had higher YIE for both fruits and vegetables crop systems. Amazonas, 

Vaupes, Vichada and other regions located in southeastern Colombia showed the lowest values for 

YIE. For fruits production, western locations showed higher YIE values, while for vegetables this was 

observed at central regions (Figure 2). In Colombia, the fruit crop with highest yield is papaya with 

mean values of 17.57 ton x ha-1, while cauliflower, with 20.63 ton x ha-1, is the vegetable showing the 

largest values. Farms cultivating Strawberry, grapefruit, pineapple, carrot, cabbage and tomato 

showed high yield values as well (Figure 3). 
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Figure 2. Colombia maps showing yields of the fruits (blue) and vegetables (green) by locations from 

2006 until 2020. Values in the map indicates mean yield at every national location. 
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Figure 3. Fruits and vegetables with highest mean for yield in Colombia from 2006 until 2020. 

Yield comparison between fruits and vegetables exhibits a wide difference for these two kinds 

of crops. This result shows vegetable systems are more productive than fruit systems in Colombia, 

using the sowing area more efficiently. On the other hand, fruit species with the highest yield were 

those typically cultivated in farms of flat zones such as papaya, grapefruit and pineapple. The 

stability analysis, conducting a MLM for the productivity of Colombian farms, displays that time 

(random factor) had a small variance across the farms at different locations on yield of fruit and 

vegetables systems. However, fixed factors showed large variance, indicating that locations of the 
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agricultural system impacted considerably the yield augmentation. Model residual values were high 

and indicate that other factors should be used to understand the yield variability in the evaluated 

crops (Table 1). 

When the selected crops were compared, the location of the farms had effect on all the cropping 

system, except for lime (Figure 4). Meta showed highest YIE for papaya, melon, and passion fruit 

cropping systems, while Risaralda for tomato and pineapple. Arauca show high values of production 

for passion fruit, papaya and other citrus. Large variability on YIE was observed in the cropping 

systems of onion, lime, melon, papaya and tomato located at Quindio, Narino, Caldas, Bolivar and 

Putumayo, respectively. For fruits, highest YIE was obtained in pineapple, with values over 30 tons 

x ha-1, while for vegetables, tomato reached yields over 25 tons x ha-1 (Figure 4). 

 

Figure 4. Comparison of yield means among farms in different Colombian locations of selected fruits 

and vegetables cropping systems. Black vertical lines indicate the standard error of the means. *** 

indicates significant differences for yield means at p < 0.001, ns indicates non significance difference. 
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Table 1. Values for the fixed (region) and random (year) effect of the mixed linear model adjusted to selected crops. *** p < 0.001 and ns not significant. – Indicates no 

data registered for the crop in the region for the evaluated years. 

Predictors Carrot Cabagge Tomato Onion Lettuce Papaya Pineapple Passion fr Melon Lime Other Citrus 

Antioquia - - - - 14.92 *** - - 8.32 ns 12.24 ns 16.04 *** - - - - - - 8.77 *** 

Arauca - - - - 6.74 ns - - - - 19.27 ** 15.75 *** 3.16 ** - - - - 17.70 *** 

Atlantico - - - - 9.83 *** - - - - 16.70 * 21.35 *** - - 2.91 ns 2.47 ns - - 

Bolivar - - - - 3.20 ns - - - - 17.91 * 16.46 *** - - 4.21 ns - - 11.18 *** 

Boyaca -4.34 *** -10.02 *** 18.15 *** 8.17 *** 0.56 ns 10.65 ns 8.16 *** -2.38 * 7.99 ns -12.86 ns 7.61 ** 

Caldas -8.84 *** -11.69 *** 18.55 *** -5.96 *** -2.13 ns 14.73 * 11.94 *** 1.66 * 9.68 ns -1.71 ns 14.09 *** 

Caqueta -18.37 *** -10.07 ns 10.25 *** -9.55 * -5.00 ns 4.35 ns 7.49 *** -4.49 ns - - - - - - 

Casanare - - -   11.58 *** - - - - 18.44 * 24.54 *** 1.44 * -4.76 ns -8.07 ns 8.62 *** 

Cauca -15.18 *** -21.31 *** 11.07 *** -6.55 *** -2.26 ns 14.15 * 9.57 *** -4.94 *** 7.37 ns -7.24 * 11.42 *** 

Cesar -20.37 *** -13.29 * 16.20 *** 4.63 *** -8.50 ns 13.24 ns 22.19 *** -5.73 *** 2.33 ns - - 5.41 * 

Choco - - - - 13.18 *** - - 16.00 ns     15.96 *** -4.68 * - ns - - - - 

Cordoba - - - - 10.97 *** - - - - 17.12 * 19.13 *** -1.47 * 5.61 ns 2.14 ns 12.37 ** 

Cundinamarca 1.05 ns -0.26 ns 14.34 *** 6.57 *** 6.45 ns 22.84 ** 20.95 *** -4.37 *** -8.34 ns -2.43 ns 5.45 * 

Guainia - - - -     - - - -     14.19 *** - - - - - - 4.77 ns 

Guaviare - - - - 11.89 * - - - -     25.75 *** - - - - - - - - 

Huila - - - - 15.16 *** -1.35 ns 3.08 ns 12.03 ns 14.61 *** 1.50 ** 9.09 ns - - 4.93 * 

La Guajira - - - - 12.85 *** - - - - 11.17 ns 6.64 ns -8.73 *** 1.68 ns -5.92 ns - - 

Magdalena -7.93 ns - - 11.80 *** -1.13 ns - - 14.83 ** 21.39 *** -6.29 *** -0.24 ns - - 14.87 *** 

Meta - - - - 16.08 *** -0.25 ns - - 24.37 ** 26.45 *** 3.93 *** 14.08 * - - 14.64 *** 

Nariño 0.56 ns -6.35 *** 16.83 *** - - 11.19 ns 6.03 ns 8.15 *** -3.64 *** -0.51 ns -8.58 ns 2.20 ns 

Norte de Santander -2.52 ** -7.95 *** 24.20 *** 6.27 *** 3.26 ns 11.73 ns 25.79 *** -3.94 *** 12.94 * -3.35 ns 7.83 ** 

Putumayo -11.81 * -20.33 ** 13.61 ** - - -8.30 ns 7.08 ns 12.23 *** - - - - -10.05 * 14.18 ** 

Quindio 2.63 ns -19.56 *** 14.29 *** -0.02 ns -2.58 ns 13.86 ns 27.03 *** -0.28 ns - - - - 18.40 *** 

Risaralda -11.45 *** -0.36 ns 25.29 *** - - 7.80 ns 13.11 ns 32.01 *** 0.10 ns - - 8.96 *** - - 

San Andres y Providencia - - - -     - - - - 12.24 ns 1.56 ns -13.85 * -2.03 ns - - - - 

Santander -1.38 ns -0.04 ns 18.68 *** -0.89 ns 7.75 ns 15.22 * 24.08 *** 0.28 ns 11.32 * 1.87 ns 8.53 *** 

Sucre - - - -   - - - - - 9.85 ns 8.55 *** -4.87 *** -1.59 ns - - - - 

Tolima -4.53 *** -5.91 ** 11.76 *** 7.97 ** -10.05 ns 12.04 ns 17.63 *** -3.97 *** 4.97 ns 0.74 ns 7.95 ** 

Valle del Cauca -10.05 *** -7.32 *** 18.71 *** 2.45 * 2.29 ns 20.23 ** 19.74 *** 3.42 *** 14.47 ** 2.14 ns 14.66 *** 
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Vaupes - - - - 3.58 ns - - - - - - 9.57 *** - - - - - - - - 

Vichada - - - - 1.49 ns 37.36   - - 0.88 ns 6.58 ** -6.86 * -5.28 ns 3.36 ns - - 

Year 0.14   0.12   0.40   0.04   0.00   0.08   1.51   0.18   1.46   1.75   0.35   

Residual 54.10   66.20   54.20   37.36   50.49   50.85   46.79   33.69   50.74   58.38   29.99   

r2 0.24   0.22   0.21   0.28   0.26   0.33   0.43   0.24   0.33   0.17   0.47   
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Yield evaluation and the impact of non-climate factors on the agricultural systems 

A large variability was observed for the crop prices and the agri-inputs values in Colombia from 

2015 to 2019. Crops such as lemon, onion and cantaloupe showed the largest variability for 

commodity prices during this time, due to the unsteadiness at markets (Figure 5). Otherwise, crops 

like pineapple and carrots had stability in commodity prices, even when they were low. The lowest 

prices were observed for papaya, green beans and tomato for the evaluated time in Colombia (Figure 

5). Agri-inputs prices in Colombia have large variability and several outliers in the evaluated 

locations. The highest prices were especially observed for biocide products. Arauca is the location 

with the largest mean for fertilizers and herbicides, while for fungicides and insecticides were low. 

Locations such as Antioquia, Valle del Cauca and Cundinamarca showed middle values for prices of 

all the agri-inputs (Figure 6). 

 

Figure 5. Data distribution and mean (crossed circle) of commodity prices for fruits and vegetables. 
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Figure 6. Data distribution and mean (crossed circle) of agri-inputs prices in Colombia national locations. 

The analysis of the effect of these variables, described above, on the agricultural systems 

variables CAR, HAR, PRO and YIE was conducted using PCA. First, mean prices for all the agri-

inputs and commodities were matched with the means for agricultural data based on the locations 

and years. The final data set comprised information for Antioquia, Cundinamarca, Norte de 

Santander, Risaralda, Santander y Valle del Cauca. After data standardization the evaluated variables 

were merged into independent composite variables (principal components). The analysis shows that 

two principal components (PC1 and PC2) accounted for 46% of total variation in agricultural data. 

Crop production, sowing area and harvest area (PRO, CAR and HAR) showed a higher vector 

loading to PC1 (0.82, 0,93, and 0,95 respectively). Variables YIE, CPR, INP, HEP and FRP showed 

high vector loading to PC2 (0,12, 0,37, 0,38, 0,49, and 0.90, respectively) and were more related to each 

other. On the other hand, the results show that most of the locations change especially along the 

second dimension, while Antioquia, Cundinamarca and Valle del Cauca to the first (Figure 7). When 

crops were used to group along the dimension one and two, a particular trend was not observed. 
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Figure 7. Biplots generated from PCA with the percentage of variance explained by the first two 

components for agricultural and non-climatic variables observed at different locations. Colors of the 

dots display the values grouped by Colombian regions. The analyzed variables were cultivated area 

(CAR), harvested area (HAR), production (PRO), yield (YIE), commodity price (CPR), fertilize price 

(FRP), herbicide price (HEP), insecticide price (INP), fungicide price (FUP). 

These results, the direct influence of agri-inputs application on yield increasing among locations 

in Colombia, were validated using a database with agricultural data for 2018. The selected crops were 

used for such validation, finding significant correlations of the yield with the amount of fertilizer 

applied before crop sowing and during cultivation (Figure 8A,B). Highest yields were observed for 

pineapple during 2018 as well as the amount of fertilizer used for the cropping system. Lowest 

amounts of fertilizer were used on lime and onion systems before sowing and during cultivation 

(Figure 8A,B). 
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Figure 8. Yield and fertilizer application correlations for selected crops with Colombia agricultural 

data for 2018. First fertilizer application done before crop cultivation (A) and second fertilizer 

application done during cultivation (B). Pearson correlation coefficient (r) and significance test (***) 

with p < 0.001. 

Discussion 

Usually, the selection of a species for the establishment of an agricultural system is based on its 

economic importance. However, the identification of national strong crops systems may be 

developed analyzing productivity trends and the influences of non-climatic variables. The analysis 

of the fruits and vegetables crops from 2006 to 2020 shows a large variation for agricultural data as a 

decreasing trend in the variables SAR, HAR, PRO and YIE as well (Figure 1). The described situation 

is opposite to the food security approach, and it could be an issue for the country in mid and long-

term. Considering that the population is growing, the changes in the diet habits and the agricultural 

area is limited, crop systems should be more efficient and productive (Alexander et al., 2015; Spiertz, 

2013). For instance, in Colombia, the population has increased 4.2% while the agricultural land 1.6% 

(Roser et al., 2013) in recent years, escalating the pressure on the national food system. On the other 

hand, crop productivity and yield may be reduced by changes in the rural population in the country. 

It was observed that agricultural activity in Colombia is mainly done by adults between 41 and 64 

years old, due to the migration of youths and young adults to urban areas who look for better 

academic and working options (DANE, 2018). This situation is decreasing the agricultural activity in 

Colombia, especially fruit and vegetables crops. When yield for crops like tomato and orange is 

compared to the yield in other countries such as Brazil and Chile, it is observed that Colombia had 

lower values in 2018, however for lettuce and banana the same variable is higher (Roser et al., 2013). 

Then, a specific analysis for each crop system was conducted, which allowed a comprehensive 

understanding of the national stability of fruits and vegetables production. The data analysis shows 

that vegetables systems are more efficient than fruit systems, reaching higher harvest in less sowing 

area.  
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The fruit crops cultivated in the locations Arauca, Meta, Casanare, Guaviare and Risaralda had 

the highest yields, while for vegetables this situation was observed in Risaralda, Norte de Santander, 

Cundinamarca, Narino and Antioquia (Figure 2). On the other hand, the strongest crop systems, 

based on the mean of the yield observed for 15 years, were carrots, cauliflower, cabbage, papaya, 

strawberry and grapefruit (Figure 3). This calculation, developed using yield data, may reflect the 

impact of non-climatic data and agricultural practices. For instance, in Risaralda, where high yield 

was observed for fruits and vegetables, also the prices of fertilizers were low. A similar situation 

occurred in Arauca as well, where yield for vegetables was high and the prices of fungicides and 

insecticides were low (Figure 6). Agricultural systems such as papaya and tomato had high yield but 

the commercialization prices were low in the last years (Figure 5). The described situation displays 

the issues for analyzing the impact of non-climatic variables on crop productivity, which interferes 

in the identification of stable crop systems for the country’s development. Then, a comprehensive 

description of fruit and vegetable crops was achieved with further analysis, where agricultural data 

and non-climatic variables were combined.  

The mixed regression model and the PCA results indicate that cultivated regions determine 

productivity regardless of crop species and year (Table 1) for fruit and vegetable systems. The low 

variance displayed by time indicates stability on crops productivity, even the yields were low. 

Differences in agricultural practices among Colombia regions may explain such variability in yield, 

affecting national productivity. Cabas et al. (2010), found that non-climatic factors like the amount of 

applied agri-inputs increases the mean of the yield for maize, soybean and wheat. Otherwise, crops 

with the largest sowing area showed low productivity due to the use of marginal land that reduces 

crop yield (Cabas et al. 2010; Kuang et al., 2022). A similar situation was observed in the present study 

with fruit and vegetable crops in Colombia in the year 2018, when the amount of fertilizer used 

increased yield on more stable cropping systems (Figure 6). With the PCA, it was found that SAR, 

HAR and PRO are related to each other positively and when one increases the others as well. 

However, YIE is more related with non-climatic variables, indicating that at higher prices of fertilizers 

and insecticides, yield is largest at the different locations. This situation is observed for the 

commodity prices and the efficiency of the agricultural system as well (Figure 5). Although PRO 

improves by increasing SAR and HAR, YIE is reduced, which may indicate agricultural management 

issues. This result has been previously observed in other investigations, especially when cereal crops 

are analyzed (Omara et al., 2019). Usually, small-farmers agricultural management rely on increasing 

fertilizers use, however researches have shown that despite the increased use of inputs, low 

productivity is observed due to poor soil quality and erratic rainfalls (Jagustovic et al., 2021). In the 

present study crops like carrot, cabbage, tomato papaya, pineapple and passion fruit had the highest 

yields and low variability caused by the sowing year, this value increases especially by the regions 

where they are cultivated instead (Figure 4, Table 1). Therefore, a comprehensive understanding of 

such cropping systems may lead to developing a reliable strategy to increase national agricultural 

and food production.  

Previous studies have determined that non-climatic factors such as poverty are related with 

environmental factors like soil erosion, decreasing yield of coffee, forages and sugarcane in Colombia 

rural areas (Agudelo et al., 2003). On the other hand, in blackberry agricultural systems, it has been 

observed that the productivity increases when appropriate management practices are applied, even 

at similar climatic conditions (Jiménez et al., 2009). Also, agricultural management variables like 

planting and harvesting dates and cultivar choice may reduce yield losses (Deryng et al., 2011). Based 

on the results of the present research, Colombia national authorities may develop management 

strategies that strengthen the fruits and vegetables agricultural systems, following the practices 

applied on regions with highest yields. For instance, since there is a relationship between the price of 

the fertilizers and the crop yield (Figure 5), it is crucial to apply a plant nutrition handling addressed 

by crop requirements, optimizing the money investment and reducing soil erosion (Chen et al., 2011). 

Furthermore, it is possible to understand the adaptation of these crops and the agricultural practices 

to the issues caused by climate change (Reidsma et al., 2007), improving the development of the 

agricultural sector. It is important for Colombia authorities and researchers to identify agricultural 
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solutions that may address low productivity in fruits and vegetables crops. Improving fruit and 

vegetable yields will increase food security that depends on the sustainable use and management of 

resources (Grote et al., 2021). Improving fruit and vegetable cropping systems might be a good 

strategy to meet food needs of rising populations and diet shifts (Tilman et al., 2011). Furthermore, 

understanding local agricultural practices that may enhance fruit and vegetable quality might help 

to combat “hidden hunger” (Leisner, 2020).  

In order to select those agricultural systems to be prioritized and promoted by national 

authorities, factors like agri-inputs prices and commodity prices should be considered. Government 

organizations like the Ministry of Agriculture and Rural Development, should keep monitoring and 

evaluating crop productivity in Colombia. However, social, economic and cultural parameters 

should be assessed as well, for improving predictive models, increasing food security and promoting 

the sustainable development goals. Future strategies, designed based on the understanding of 

resilient cropping systems that may lead to increase crop yields, farm income and input-use 

efficiency, should be transferred and adopted by small holders, which is very low in farms from 

developing countries (Aggarwal et al., 2018). On the other hand, national authorities should promote 

a greater crop diversity to reach a year-to-year stability of the national yield (Renard and Tilman, 

2019). Both, worldwide and Colombian authorities should minimize the agricultural yield gap and 

the environmental impact, adapting and building resilient systems to climate change risks (Jagustovic 

et al., 2021). 
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