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Abstract 

The quality of irrigation water is very important due to its role in soil conservation and food quality. 

Variations in the quality of irrigation water due to intervention by farmers with different farming 

systems are rare in Colombia. The objective of the study was to assess the variations in water quality 

with the implementation of an agroecological project in the Arboledas municipality, Department of 

Norte de Santander Colombia. The research was carried out on 15 farms where three agroecological 

(agroforestry) models were implemented: cedar as forestry, a fruit tree (lemon or avocado), and a 

short-cycle crop (corn or beans). The results of the initial sampling did not prevent the use of farm 

water to irrigate the planned polycultures in the municipality, despite presenting high variation 

coefficients for many variables. With the intervention of the agroecological models, significant 

variations were observed in some variables. In all models, concentrations of ammonium and 

manganese increased, and nitrates decreased. While the variations did not change the category of 

the irrigation water, they do serve as a warning sign to continue monitoring them. 
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Resumen 

La calidad del agua de riego es muy importante debido a su rol en la conservación del suelo y la 

calidad de los alimentos. Las variaciones de la calidad del agua de riego por la intervención de los 

agricultores con diferentes sistemas de cultivo son escasos en Colombia. El objetivo del trabajo fue 

evaluar las variaciones en la calidad del agua con la implementación de un proyecto agroecológico 

en el municipio de Arboledas, Norte de Santander, Colombia. La investigación se llevó a cabo en 15 

fincas donde se implementaron tres modelos agroecológicos (agroforestales): cedro como 

forestación, un frutal, limón o aguacate, y un cultivo de ciclo corto de maíz o frijol. Los resultados 

del muestreo inicial no impidieron el uso del agua de las fincas para regar los cultivos de los 

policultivos planificados en el municipio, a pesar de presentar altos coeficientes de variación para 

muchas variables. Con la intervención de los modelos agroecológicos, se observaron variaciones 

significativas en algunas variables. En todos los modelos, las concentraciones de amonio y 

manganeso aumentaron, y las de nitratos disminuyeron. Si bien las variaciones no modificaron la 

categoría del agua para riego, sí constituyen una alerta para seguir midiéndolas. 
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Introduction 

Irrigated land accounts for 35-40% of global food production (FAO, 2016). Agriculture, which 

consumes around 70% of water withdrawal depending on the type of country, constantly competes 

with domestic, industrial and water supply uses for an increasingly scarce resource (Catacora and 

Valencia, 2021). Therefore, great attention is paid to the quality of irrigation water because of its 

role in soil conservation and in meeting the growing demand for quality food (Garcia, 2012). Crop 

yields are higher in irrigating systems and are less dependent on the adverse weather effects, with 

agricultural production being the most water-intensive activity worldwide (Medina et al., 2016). 

Water for irrigation systems is determined by its quality, so it is necessary to assess physical, 

chemical and biological parameters to determine whether it is suitable for use in soils (Gómez et al., 

2015). Medina et al. (2016) and Zaman et al. (2018) indicated that the quality of irrigation water is 

determined by the nature, quantity and proportion of ions present. Similarly, the suitability of 

irrigation water is determined not only by the total amount of salts present but also by the type of 

salt (Valles-Aragón et al., 2017; Zaman et al., 2018). 

Water quality depends on the development of agricultural activity. The content of salts and other 

specific ions is fundamental and allows it to be classified as fresh, slightly brackish, brackish and 

saline. Likewise, the physical conditions and soil type, mineralogy, the crop to be established and its 

nutritional requirements must be considered to determine the needs of different seedlings or to 

restrict planting and crops production (Mancilla-Villa et al., 2021). 

Poor irrigation practices on farms can cause localized salinity problems, which are exacerbated if 

proper drainage practices are not used. Excessive irrigation leads to an increased salt concentration 

in the ground water table and its subsequent decline, resulting in more widespread salinization 

problems at the agroecosystem level (Kadasiddappa et al., 2017). 

The phenomena known as sodicity and salinity caused by the accumulation of salts in soils increase 

the osmotic pressure of water in them, which prevents its use by the roots, causing a nutritional 

imbalance, which in many cases causes toxicity and deficiencies in plants, resulting in a reduction in 

yield and deterioration in the quality of the final product (Maua and Porporato, 2015). 

Monoculture agriculture is the cause of biodiversity loss, while polyculture farming systems mimic 

the function and structure of natural ecosystems, which are characterized by a high diversity of 

species, and much more biologically active soil. This can result in toxicity and nutrient deficiencies, 

which favors plant nutrition and pest management (Perfecto et al., 2019, Wanger et al., 2020). 

Agroecological initiatives seek to transform conventional production systems geared toward large 

food, fiber and biofuel markets, into an alternative model that promotes increased biodiversity with 

production directed toward a local market independent of fossil fuels. To achieve this, efforts have 

focused on different and more sustainable agroecosystem designs (Altieri and Toledo, 2010). 

In the design of agroecologically sustainable agroecosystems, the implementation of agroecological 

practices is encouraged, starting with the diversification of plant and animal species in time and 
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space, and continuing with the improvement of recycling and nutrient balance, measures for the 

conservation of soil conditions, the increase by all possible means of organic matter to improve the 

biotic activity of the soil, the optimal use of solar radiation, water harvesting practices and efficient 

management and conservation of water, and improvements of the microclimate by all possible 

means (Barchuk et al., 2020). 

Research in polyculture production projects has been carried out in Colombia with successful 

results, as it is the case of one developed in Lórica, Córdoba (Banda et al., 2004). These research 

projects have increased in recent years with various agroecological initiatives, where water quality 

assessment has been carried out before the implementation of agroecological systems (Guerrero-

Guio et al., 2020; Guerra-Tamara, 2022), as well as before and after comparisons, seeking a scientific 

answer as to whether agroecological models in the form of polycultures and agroecological practices 

influence or not the quality of irrigation water used on farms (Villamizar et al., 2023). 

An agroecological project known as "Plantar", designed to strengthen promising crops, was 

developed in six municipalities in the Department of Norte de Santander, including Arboledas, with 

the aim of implementing three agroforestry models for the sustainable development and 

competitiveness of farmers (Gobernación Norte de Santander, 2018). This pilot macro project aimed 

at assessing the impact of agroforestry systems on the productivity and competitiveness of farms as 

well as their influence on the natural resources of agroecosystems (water, soil and biodiversity). 

Furthermore, the delivery of an irrigation system to the beneficiaries of the agroforestry models 

reinforced the need to characterize the physicochemical variables of irrigation water on farms 

before and after the project intervention, reason why the objective of this research was to assess 

the variations in water quality with the implementation of the three agroforestry models in the 

municipality of Arboledas, once the harvest of short cycle crops was completed. 

 

Materials and methods 

The Plantar project aimed to establish three agroecological models in the form of agroforestry 

systems (timber trees, fruit trees, and short-cycle crops). These systems were designed according 

to the soil and climatic conditions of the municipality, also taking into account the agricultural 

development plans of Arboledas. 

The municipality is characterized by a mountainous topography and numerous water springs that 

feed the network of streams that finally converge into the Arboledas River, a tributary of the Zulia 

River, which in turn is a tributary of the Catatumbo River which flows into Lake Maracaibo, 

Venezuela (Mayor’s Office, Arboledas Municipality, Department of Norte de Santander, 2012). 

Following the criteria established by the Norte de Santander Government, 15 farms distributed 

throughout the municipality were selected to participate in the Plantar project (Table 1). The 

altitude of the farms ranged from 918 to 1661 meters above sea level (masl). 
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Table 1. Georeferencing and elevation at the entrance of each farm participating in the project 

Name  Location  masl 

Farm Path 72° 48' 45,259" W y 7° 37' 50,686" N 918  

La Providencia Despensa 72° 47' 55,676" W y 7° 38' 34,526" N 967  

El Llano  Guacamayas 72° 47' 51,742" W y 7° 41' 36,877" N 1387  

Sabaneta  Potreros  72° 47' 7,249" W y 7° 42' 5,792" N 1354  

San Antonio  Barrientos  72° 48' 51,268" W y 7° 40' 34,324" N 1557  

El Hoyo  Potreros  72° 47' 2,116" W y 7° 42´ 23,090" N 1235  

Las Brisas  Barrientos  72° 48' 6,476" W y7° 39' 26,874" N 1171  

Despensa Siravita  72° 47' 35,783" W y7° 39' 18,148" N 1123  

La Florida  Siravita  72° 51' 39,280" W y7° 37' 13,238" N 1180  

Villa Teresa  Peñitas Bajo 72° 47' 7,602" W y 7° 41' 46,705" N 1435  

Nuevo Reino  Barrientos  72° 52' 44,951" W y 7° 33' 37,861" N 1622  

Vega Larga  Helechal Bajo  72° 48' 25,517" W y 7° 40' 10,261" N 1661  

Olivo  Uvito  72° 52' 33,596" W y 7° 34' 26,040" N 1544  

La Esplayada  Helechal Alto  72° 47´ 348" W y 7° 40´ 761" N 1487  

La Palma  Cimera 72° 47' 7,249" W y 7° 20’ 1267” N 932  

Source: Authors 

The selected farms covered 2–3 hectares, mainly cultivated with corn, beans, and vegetables, 

generally in monoculture systems. Among the objectives of the “Plantar” project was the training 

of farmers in agroecological practices, with emphasis on increasing the use of organic matter and 

bio-inputs for pest control, whether produced on the farm or supplied by the project. 

Two agroforestry plots were established on each farm: one with agroecological practices and the 

other with the conventional practices. Due to the small size of the farms, most had direct access to 

water sources for irrigation. For the initial characterization of the irrigation water, 30 samples were 

collected (two per farm). When only one source was available, duplicate samples were taken at 30-

minute intervals. Sampling sites were located near a gauging station to corelate the river flow with 

the water sample. 

The sampling container was filled with 250–500 mL of water, depending on the variable being 

measured, and submerged upstream. The containers were hermetically sealed and reinforced with 

adhesive tape to prevent leakage. In addition, the sampling point location was recorded to ensure 

accuracy, and each sample was labeled with the name of collector, farm or location, and water type 

(spring or pipeline). These samples were stored at a temperature not lower than 5 ºC. For the water 
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quality analysis of both the agroecological plot and the control plot, samples were taken from the 

same water source at different time intervals, so the work was carried out at the farm level and not 

at the level of the agroecological model, due to the small size of the farms. 

Following a proper chain of custody, samples from the 15 farms were sent to the Dr. Calderón 

Laboratories in Bogotá, where analyses were conducted. The physical and chemical variables 

determined are listed in Table 2. (Table 2). 

Table 2. Diagnostic variables to characterize water. 

Group of variables Specific variables 

 

Cations Sodium, potassium, calcium, magnesium, ammonium and 

sum of cations (meq/L) 

Anions Chlorides, sulphates, carbonates, bicarbonates, nitrates, 

phosphates and sum of anions (meq/L) 

Chemical elements Iron, manganese, copper, zinc, boron (ppm) 

Water Hardness Hardness (mg/L) (CaCO3), pH, EC (mS/cm) and SAR 

Source: Authors 

The analytical techniques followed APHA-AWWA-WEF (2012) protocols: potentiometry for pH and 

EC, atomic absorption with saturation extraction for cations, and volumetric or potentiometric 

titration for anions. (APHA-AWWA-WEF. 2012). 

A descriptive analysis on the physicochemical variables from the 15 farms was carried out to 

determine means and standard deviations, with emphasis on the coefficient of variation (threshold 

of 60%) as a measure of spatial variability (Guerrero-Guio et al., 2021). The SPSS statistical package 

version 25 was used for this purpose (IBM, 2017). 

Variations in water quality.  

The three agroecological models in the polycultures modality (forest-fruit-transitory crop) that 

finally remained after a participatory adjustment by farmers according to the tradition, the soil-

climatic conditions and their preferences are shown in Table 3. The criterion that prevailed in the 

project was the establishment of polycultures in agroforestry systems and the use of agroecological 

practices of soil conservation, nutrition and pest management which will be favorable to preserve 

the quality of soil, water and to increase biodiversity in general. 

Table 3. Crops that made up the three agroecological models. 

Municipality Agroecological models 

Arboledas 1 -Cedar- Lemon - Corn 
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2 - Cedar - Avocado - Corn 

3 - Cedar - Avocado - Bean 

Source: Authors 

Considering the results of the agrochemical analysis of the soil, the inputs provided by the project 

and the nutritional requirements of the species, fertilization plans were designed. Being a 

participatory project, these fertilization plans were agreed with the farmers and, even though it was 

intended that the fertilization management would be different between the experimental area 

(1ha) and the control area (1ha), in the end fertilization was carried out on the two hectares of 

polycultures and the only difference was in the humus dosage. Each model showed slight 

differences, but the fertilization practices were similar, differentiating the fertilization of each crop 

within the polyculture (Table 4). 

Table 4. Fertilization carried out before the second water sampling of the crops of the agroecological 

models. 

Crop Fertilization 

Cedar 1. Humus 2500 g/plant, Mycorrhizae 500 g/plant, Diammonium phosphate 60 

g/plant at sowing 

2. Foliar application of calcium boron 2L/ha +Terra Sorb 2 L/ha 

3. Diammonium phosphate 50 g/planta, Triple 15- 60 /plant, Agrimins (NPK) 50 

g/ plant at 90 days. 

Lemon 1. Humus 3000 g/plant, Mycorrhizae 500 g/plant, Diammonium phosphate 60 

g/plant at sowing 

2. Foliar application of calcium boron 2L/ha + Terra Sorb 2 L/ha 

3. Diammonium phosphate 50 g, Triple 15- 60 g, Agrimins (NPK) 50 g/ plant at 

90 days 

Corn 1. Humus 140 kilos/area, Micorrizas 100 kilos /area 

2. Triple 15 a 10 g/ site at the nursery 

Avocado 1. Humus 3000 g/plant, Mycorrhizae 500 g/plant, Diammonium phosphate 70 

g/plant at sowing 

2. Foliar application of calcium boron 2L/ha +Terra sorb 2 L/ha 

3. DAP 50 g, Triple 15- 60 g + Agrimins (NPK) 50 g/ plant at 90 days 

Bean 1. Humus 140 kg/ha, Mycorrhizae 100 kg /ha g/plant at sowing 

2. Triple 15 at 10 g / site at the nursery 
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Source: Authors 

Fourteen months after the start of the project and, after the short cycle crops harvest was 

completed, two samples were taken again from the water supply sources of each of the 15 farms. 

The procedure was similar and the variables measured in the laboratory were the same as in the 

first sampling. 

A descriptive statistical analysis of the physicochemical variables of the water was carried out based 

on the initial data of the 30 samples. A statistical analysis of Student-T comparison was carried out 

between the mean values of the variables before and after the intervention of each agroforestry 

model (10 samples) in the 5 farms using the SPSS statistical package. The unpaired sampling method 

was used with a 5 % probability of error.  

 

Results and discussion 

The mean values of the physicoshemical variables from the first water sampling on the farms 

showed that in general the water was suitable for agricultural irrigation, as it met most of the 

parameters and adequate levels of hardness of all the variables (Ayer and Wescot, 1985; Castellanos 

et al., 2000). However, a descriptive analysis with emphasis on the coefficient of variation showed 

that the coefficients of variation for many variables were greater than 60% in the municipality 

(Guerrero-Guio et al., 2021). Of a total of 22 variables analyzed, only 8 did not have Coefficients of 

Variation (CV) greater than 60% concentration of ammonium, carbonates, phosphates, magnesium, 

copper and boron as well as pH and SAR. On the other hand, the descriptive statistical analysis 

reflected undesirable situations in some of the farm sources of supply, such as very high 

concentrations of iron, bicarbonates, hardness and high pH (Ayer and Westcot, 1985) (Table 5). 

Table 5. Results of the descriptive statistical analysis of water variables in the first sampling between 

farms of agroforestry models. 

Variables Specific variables 

 Media Minimum Maximum 

Standard 

Dev. C. V. (%) 

Cations Sodium (meq/L) 0.252 0.07 0.83 0.17 66.51 

Potassium (meq / L)  0.024 0.009 0.08 0.02 79.06 

Calcium (meq / L) 0.85 0.07 2.93 0.77 90.43 

Magnesium (meq / L)  0.224 0.03 0.6 0.18 80.12 

Ammonium (meq / L) 0.033 0.02 0.07 0.01 34.98 

S-cations (meq / L) 1.382 0.31 3.85 1.03 74.32 

Anions Chlorides (meq / L) 0.36 0.04 1.32 0.29 81.87 

Sulphates (meq / L)  0.22 0.05 1.33 0.29 128.35 
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Carbonates (meq / L)  0.05 0.05 0.06 0.00 3.63 

Bicarbonates (meq / L) 0.74 0.05 2.85 0.69 92.48 

Nitrates (meq / L) 0.02 0.00 0.09 0.02 94.83 

Phosphates (meq / L)  0.18 0.09 0.27 0.06 32.12 

S-anions (meq / L) 1.58 0.44 3.68 0.98 62.05 

Chemical 

elements 

Iron (ppm) 0.49 0.10 7.86 0.01 283.20 

Manganese (ppm)  0.03 0.02 0.08 0.01 45.39 

Copper (ppm)  0.02 0.01 0.04 0.01 40.73 

Zinc (ppm)  0.27 0.01 0.66 0.31 112.49 

Boron (ppm) 0.10 0.02 0.23 0.06 57.36 

Water 

Hardness 

Hardness (mg/L) 

(CaCO3) 

53.65 6.00 167.00 46.00 85.73 

pH  7.72 7.00 8.15 0.24 3.05 

EC (mS/cm) 0.15 0.01 0.44 0.12 80.05 

SAR 0.41 0.09 1.15 0.22 53.10 

 

S-cations: Sum of cations, S-anions: sum of anions, pH: degree of acidity, SAR: Sodium Adsorption 

Ratio (SAR), EC: Electrical Conductivity, EC. 

An analysis of the box plot shows that cations, sodium, calcium and the total sum of cations were 

the variables with the greatest dispersion. All anion variables presented outliers, except 

bicarbonates and the sum of anions but, these two, also presented data far from the median. Among 

the chemical elements, iron, manganese and copper presented outliers, while zinc showed a median 

displaced from the central area. The pH and SAR presented outliers, while hardness showed 

dispersed values with respect to the median (Figure 1).  This graphical analysis corroborates the 

dispersion of the data from the samples of the different water sources on the farms that were part 

of the research, as shown in Table 1. 
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Figure 1. Results of the graphic analysis of the physicochemical variables of water before the 

implementation of the agroecological models. Source: Authors 

Agroecological Model 1: Cedar - Lemon – Corn 

The physical-chemical properties of the water being evaluated in Agroecological Model 1: Cedar - 

Lemon – Corn, after the short cycle crops of Model 1 were harvested, remained within the 

permissible ranges for use in agricultural irrigation considering the values of sodicity and salinity, as 

well as the concentrations of sodium, chlorine and boron (Ayer and Westcot, 1985; Castellanos et 

al., 2000).  However, the comparison of agrochemical variables before and after crop 

implementation showed a significant increase (p<0.05) of ammonium (from 0,035 to 0,0017 meq / 

L) and manganese (from 0.031 to 0.067 meq / L), and a significant decrease in nitrate cation 
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concentration (from 0,019 to 0,1 meq / L), for the elements iron (from 0,215 to 0,025 meq / L), 

copper, (from 0.017 to 0.010 meq / L) and zinc (from 0.3340 to 0,01 meq / L). A highly significant 

decrease in pH was observed, which decreased on average to 7.65, a value considered adequate for 

irrigation water by the Agricultural Information Service of Murcia (SIAM, 2019) (Table 6). 

Table 6. Comparison of the physical-chemical variables of the water before and after establishing 

the agroecological model 1: Cedar - Lemon - Corn. 

Variables Specific variables 

 

Media 

Before 

Media 

After 

T 

Value  

Bilateral 

Sig. 

Cations Sodium (meq/L) 0.2480 0.2430 0.082 0.936 

Potassium (meq / L)  0.0250 0.0220 .474 0.641 

Calcium (meq / L) 0.7720 0.9090 -0.563 0.580 

Magnesium (meq / L)  0.2200 0.1690 0.720 0.481 

Ammonium (meq / L) 0.0350 0.1000 -10.20 0.000 ** 

S-cations (meq / L) 1.3000 1.4420 -.415 0.683 

Anions Chlorides (meq / L) 0.4000 0.2300 1.408 0.176 

Sulphates (meq / L)  0.1760 0.1850 -0.087 0.932 

Carbonates (meq / L)  0.0500 0.0550 -1.000 0.331 

Bicarbonates (meq / L) 0.7800 1.0450 -1.004 0.329 

Nitrates (meq / L) 0.0190 0.0017 2.913 0.009 ** 

Phosphates (meq / L)  0.1898 0.1750 0.487 0.632 

S-anions (meq / L) 1.6144 1.6917 -.198 0.846 

Chemical 

elements 

Iron (ppm) 0.2150 0.0250 7.778 0.000 ** 

Manganese (ppm)  0.0310 0.0670 -7.453 0.000 ** 

Copper (ppm)  0.0170 0.0100 2.689 0.015 * 

Zinc (ppm)  0.3340 0.0100 3.192 0.005 ** 

Boron (ppm) 0.0930 0.0620 1.357 0.192 

Water Hardness Hardness (mg/L) (CaCO3) 49.55 54.10 -0.300 0.767 

pH  7.8330 7.6560 2.771 0.013 ** 

EC (mS/cm) 0.1476 0.1160 0.741 0.468 

SAR 0.4020 0.3580 0.528 0.604 
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Source: Authors 

Agroecological model 2: Cedar - Avocado – Corn 

The comparison of the physicochemical properties of water before and after the implementation of 

the agroecological model Cedar - Avocado - Corn shows that the variables of irrigation water varied 

differently on the farms after the completion of the first transition crops cycle. However, they are 

considered to have remained within the parameters allowed for irrigation use (Ayer and Westcot, 

1985; Castellanos et al., 2000) (Table 6). A significant increase in ammonium (from 0,034 to 0,109 

meq / L) and manganese (from 0,031 to 0,059 meq / L) was observed, as well as a decrease in the 

concentration of nitrates (from 0,0335 to 0,0015 meq / L) and copper (from 0,02 to 0,01 meq / L). 

However, no significant variations were observed in the water hardness variables (Table 7). 

Table 7. Comparison of physicochemical variables of water before and after establishing the 

agroecological model 2: Cedar - Avocado - Corn. 

Variables Specific variables 

 

Media 

Before 

Media 

After 

T 

Value  

Bilateral 

Sig. 

Cations Sodium (meq/L) 0.279 0.2610 0.223 0.826 

Potassium (meq / L)  0.0220 0.0150 1.000 0.331 

Calcium (meq / L) 1.2340 0.9070 0.918 0.371 

Magnesium (meq / L)  0.2590 0.1650 1.163 0.260 

Ammonium (meq / L) 0.0340 0.1090 -18.19 0.000 ** 

S-cations (meq / L) 1.8280 1.4620 0.810 0.429 

Anions Chlorides (meq / L) 0.3680 0.2400 1.313 0.206 

Sulphates (meq / L)  0.3080 0.1540 1.092 0.289 

Carbonates (meq / L)  0.0510 0.0500 1.000 0.331 

Bicarbonates (meq / L) 1.0000 0.9800 0.060 0.953 

Nitrates (meq / L) 0.0335 0.0015 3.614 0.002 ** 

Phosphates (meq / L)  0.1617 0.2330 -1.830 0.084 

S-anions (meq / L) 1.9225 1.6585 0.595 0.559 

Chemical 

elements 

Iron (ppm) 1.0270 0.0170 1.329 0.200 

Manganese (ppm)  0.0310 0.0590 -3.691 0.002 ** 

Copper (ppm)  0.0200 0.0100 3.354 0.004 ** 

Zinc (ppm)  0.2110 0.0110 2.101 0.050 
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Boron (ppm) 0.0990 0.0530 2.037 0.057 

Water Hardness Hardness (mg/L) (CaCO3) 74.550 53.700 0.983 0.339 

pH  7.6360 7.5850 0.661 0.517 

EC (mS/cm) 0.1980 0.1070 1.965 0.065 

SAR 0.4030 0.4020. 0.008 0.994 

S-cations: Sum of cations, S-anions: sum of anions, pH: degree of acidity, SAR: Sodium Adsorption 

Ratio (SAR), EC: Electrical Conductivity, EC. 

** Indicates that the mean increased or decreased to a highly significant level p<0.01. 

Source: Authors 

Agroecological Model 3: Cedar - Avocado – Bean 

In agroecological model 3: Cedar - Avocado – Bean it was confirmed that, after the completion of 

the first cycle of transition crops, water maintained the irrigation quality (Ayer and Westcot, 1985; 

Castellanos et al., 2000). However, a statistically significant difference was observed in eight 

physicochemical variables of water. An increase in ammonium (from 0,029 to 0,104 meq / L), 

bicarbonates (from 0,045 to 0,081 meq / L), phosphates (from 0,1878 to 0,248 meq / L), manganese 

(from 0,029 to 0,078 meq / L) and SAR (from 0,415 to 0,593) was observed. A significant decrease 

in the concentration of nitrates (from 0,0151 to 0,0017 meq / L), copper (from 0,0180 to 0,0120 

meq / L) and zinc (from 0,269 to 0,100 meq / L) was observed (Table 8). 

Table 8. Comparison of water physicochemical variables before and after establishing the 

agroecological model 3: Cedar - Avocado – Bean 

Variables Specific variables 

 

Media 

Before 

Media 

After 

T 

Value  

Bilateral 

Sig. 

Cations Sodium (meq/L) 0.2280 0.3600 -1.758 0.096 

Potassium (meq / L)  0.0239 0.0450 -.848 0.408 

Calcium (meq / L) 0.5440 0.6260 -.433 0.670 

Magnesium (meq / L)  0.1920 0.1150 1.123 0.276 

Ammonium (meq / L) 0.0290 0.1040 -13.61 0.000 ** 

S-cations (meq / L) 1.0170 1.2620 -0.752 0.462 

Anions Chlorides (meq / L) 0.3080 0.2500 0.944 0.358 

Sulphates (meq / L)  0.1870 0.1430 0.402 0.692 

Carbonates (meq / L)  0.0500 0.0500 0.000 1.000 

Bicarbonates (meq / L) 0.4500 0.8100 -2.187 0.042 * 
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Nitrates (meq / L) 0.0151 0.0017 3.751 0.001 ** 

Phosphates (meq / L)  0.1878 0.2480 -2.701 0.015 *  

S-anions (meq / L) 1.1973 1.5027 -1.022 0.320 

Chemical 

elements 

Iron (ppm) 0.2360 0.0970 2.041 0.056 

Manganese (ppm)  0.0290 0.0780 -6.297 0.000 ** 

Copper (ppm)  0.0180 0.0120 3.182 0.005 ** 

Zinc (ppm)  0.2690 0.0100 2.615 0.018 * 

Boron (ppm) 0.0960 0.0620 2.100 0.050 

Water 

Hardness 

Hardness (mg/L) (CaCO3) 36.8500 37.8000 -0.075 0.941 

pH  7.7050 7.5400 1.390 0.181 

EC (mS/cm) 0.1119 0.0870 0.631 0.536 

SAR 0.4150 0.5930 -2.229 0.039 * 

S-cations: Sum of cations, S-anions: sum of anions, pH: degree of acidity, SAR: Sodium Adsorption 

Ratio (SAR), EC: Electrical Conductivity, EC. 

* Indicates that the mean significantly increased or decreased p<0.05  

** Indicates that the mean increased or decreased to the highly significant level p<0.01. 

Source: Authors 

It is important to note that in all agroforestry models implemented, ammonium concentrations 

increased and nitrate concentrations decreased, as well as manganese concentrations increased 

and copper concentrations decreased. 

Before planting, cations were generally found in low concentrations in the project farms, although 

sometimes with a high coefficient of variation, which reflects an unfavorable spatial distribution that 

was not favorable for farms belonging to the same agroecological model. 

In particular, the low sodium concentration, which plants require in small quantities, did not 

represent a problem and contributed to irrigation with low salinity (Tartabul and Betancourt, 2016). 

However, the low concentration of macro elements such as magnesium, potassium and calcium, 

was not not very favorable since some authors claim that adequate levels in the water favor plant 

development. Therefore, in crops irrigated with these waters, the presence of deficiency of these 

nutrients should be taken into account (Kafkafi et al., 2012). Calcium was present in high 

concentrations and should be kept under observation, as high contents in the water tend to 

generate scaling in a sprinkler irrigation system (Ayer and Westcot, 1985 

The ammonium cation was found in very low concentrations, not toxic to crops, but with very 

insufficient contribution to nutrition. All this had to be assessed comprehensibly with other 

diagnostic tools, to develop a fertilization plan that would achieve an adequate nutritional balance 
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in the crops on these farms. However, the fertilization plans were not based on variable doses, but 

rather on inputs allocated by the project to farmers, as established in the methodology. 

Most anions were found at low concentrations with the exception of bicarbonate which ranged from 

0.01 to 2.85 meq/L. This anion exceeded 0.9 meq/100L which, according to some authors, 

represents a moderate risk for sprinkler irrigation systems (Ayers and Westcot, 1985; Can et al., 

2011). 

In general, chemical elements were found in low concentrations with the exception of iron which 

ranged between 0.01 and 7.86 ppm. This indicates that iron could have a different impact on 

irrigation systems in some farms, since concentration between 0.1 and 1.5 ppm is considered 

moderate risk and above 1.5 ppm is considered severe risk (Ayer and Westcot, 1985). In this regard, 

the maximum permissible limit for iron concentration in irrigation water is 5 ppm (Valles-Aragon et 

al., 2017). It is suggested that the presence of this element can induce iron deposits that can 

accumulate in the irrigation system, restricting water flow and reducing pressure, which requires 

greater expenditure of fuel for pumping through clogged pipes and in the water distribution system, 

which leads to slower distribution in the irrigated area (Grijalva-Endara et al., 2020). 

Some authors state that a possible alternative to reduce iron in water is aeration, as it provides 

dissolved oxygen to the iron concentration in water which is necessary to convert iron to the ferrous 

form, which is insoluble and can be removed. Other forms of aeration include waterfalls, fountain 

systems, aeration cones and aeration trays (Casierra-Posada et al., 2014), but these alternatives 

were not applied on the farms under study. 

Water hardness ranged from 53.65 to 167.00 (mg/L) (CaCO3), which represents risk to some farms 

that reached values between 75 and 150 (mg/L), classified as moderately hard and very hard with 

more than 150 mg/L (Canovas, 1986). Although water hardness is not a parameter considered for 

the restriction of water for irrigation, it is an aspect that should be taken into acount on these farms 

as it can blockade and limit the lifetime of irrigation systems, particularly drip irrigation systems as 

pointed out by Tartabul and Betancourt (2016).  

The pH in the water supply sources ranged between 7 and 8.18 with an average of 7.7 indicating 

undesirable situations in some farms, since the Agricultural Information Service of Murcia (SIAM, 

2019) considers pH higher than 7.7 unsuitable for irrigation water. In general, a tendency toward 

the presence of alkaline water was observed, something that was not noted by Guerrero-Guio et al. 

(2021) on farms in Boyacá, but that was observed by López et al. (2016) in a characterization of 

urban-industrial wastewater from the hydrographic network of the valley of Mexico with a view to 

its use for agricultural irrigation. 

SAR values between 0.09 and 1.15 reflected a range within the desired situation and reaffirmed the 

results of low risk of sodicity due to the low sodium concentration and low EC observed and 

discussed above. 

Regarding bicarbonate, an anion that increased significantly to 0.81 meq/L, it put the irrigation 

systems at risk as it exceeds the level of 0.09 meq/L, which some authors suggest is a slight risk in a 

sprinkler irrigation system and can also remove calcium from the clay. As a consequence, soil 

irrigated with water with a high bicarbonate content tends to exchange it for sodium, affecting plant 
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species susceptible to its tolerance, which affects nutrients absorption and metabolism and can be 

a risk for salinity (Can et al. , 2011). 

The significant increase in phosphates in the Cedar - Avocado - Bean model serves as a warning of 

eutrophication, as it favors the proliferation of microscopic plants that can clog pumps and irrigation 

systems (Tartabul and Betancourt, 2016).  

The influence of the polycultures in models 1 and 3 on the reduction of copper and zinc, which can 

cause toxicity problems to crops, is considered a favorable effect, even though neither before nor 

after were they at risk levels (Ayers and Westcot, 1985). 

The decrease in nitrate concentrations can be interpreted as the crops being able to extract all the 

nitrogen supplied during fertilization, considering the presence of a crop such as corn, which is highly 

wasted in models 1 and 2, and avocado that requires a lot of water and nutrients in models 2 and 3 

(Naranjo and Reyes, 2021).  

The increase in ammonium in the three models is concerning. Tartabull and Betancourt (2016) warn 

about the risk of high ammonium anion concentration in irrigation water as it can favor algae growth 

which is detrimental to irrigation systems. It has been noted that ammonium nitrogen in surface 

water originated from the natural degradation of organic matter, is a transient component in water 

because, as part of the nitrogen cycle, it is influenced by the biological activity of bacteria which 

gradually oxidize it to nitrites and finally to nitrates (Carrera et al., 2005). The increase in ammonium 

could be explained by the application of high doses of organic matter in the form of humus to all 

three crops in the polyculture plots. Therefore, its concentration should be monitored in future 

water analyses to determine if this is a transient phenomenon. However, sugarcane bagasse biochar 

is a green and low-cost adsorbent in the field of environmental remediation, and has shown great 

potential (90%) in removing ammonium and phosphate ions in water (Chuquimboques Marrero et 

al., 2019). 

The highly significant increase of manganese level in the three agroecological models should be 

studied in depth, even though it eventually showed maximum concentrations between 0.059 and 

0.078 ppm, well below the maximum permissible concentration for irrigation water (0.2 ppm) 

(Matamoros, 2003; Conagua, 2013), while for human consumption only up to 0.15 ppm is permitted 

(CCNNRFS, 2000). Should the upward trend in manganese levels in water continue, the use of the 

macrophyte aquatic species Eichhornia crassipes Solms-Laubach could be considered, which has 

been shown to accumulate this metal and allow its remission in surface water sources, Meza 

(Barragán, 2022). 

Monitoring water quality on these farms must continue because, although many variables did not 

prevent the use of water for irrigation in these agroecological models, variations sometimes 

favorable and sometimes unfavorable were observed after the implementation of polycultures. 

Therefore, proper irrigation management is necessary, as noted by Betancourt et al. (2016). In this 

sense, the integrated management of the agroecosystem and in particular of the water resource 

becomes even more crucial due to the implications for crop quality when not managed correctly, as 

well as for soil quality (sodicity) and the possible effects on the durability and efficiency of irrigation 

systems. 
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The importance of conducting studies on water quality for irrigation is evident, even during the 

implementation of agroecological models such as those in this research, due to the multiple factors 

that can influence the physicochemical variables of water in the different supply sources, which may 

or may not be anthropogenic, and which may or may not be managed within the agroecosystem as 

Castillo et al. (2024) have also warned. 

The present results are similar to those obtained in other research studies where it has been 

observed that water from farm supply sources meets the requirements for agricultural use, but 

there are high variations in the variables of irrigation water such as cations, anions concentrations, 

chemical elements or hardness (Guerrero-Guio et al., 2020), or statistical difference were evidenced 

between analyzes before and after implementing agroecological models, especially where high 

amounts of soil organic matter have been used (Villamizar et al., 2023). This is a starting point on 

the influence of the implementation of agroecological models in the form of agroforestry systems 

on irrigation water quality, so projects of this type will increase various locations, not only in the 

Department of  Norte de Santander, Colombia.  

The results indicate that variations in the physicochemical properties of water are not always 

associated with farm management, regardless of the type of agriculture implemented. Therefore, it 

is necessary to maintain systematic monitoring of these variables of water irrigation in the sources 

of the farms. 

Furthermore, for future agroecological initiatives of this type, more specific complementary 

information should be provided, farm by farm, on the water returns from polyculture fields to the 

supply sources and, if possible, have maps of the drainage systems and the dynamics of water 

movement on the farm, so that it can be defined when changes in water quality are due to the 

intervention of agroecological practices or when they are not. 

In general, the results highlight the importance of developing agroecological or agroforestry models 

for the management of water resources. Understanding the dynamics before and after their 

implementation is key to monitor these models within agricultural extension processes, and can 

contribute to innovation and strengthening of agri-food systems, as also suggested by Zárate.et al. 

(2025). 

 

Conclusions 

The results of the initial sampling classified the water from the three agroforestry models planned 

in the municipality of Arboledas as suitable for irrigation. However, considerable variability was 

detected in most physicochemical parameters of the supply sources, presenting undesirable 

conditions related to the concentration of iron and bicarbonate, water hardness pH and especially 

iron levels which may pose risks of damage to the irrigation systems. 

Ammonium concentrations increased while nitrate concentrations decreased, and manganese 

concentrations also increased in all agroforestry models implemented. Although the variations 

observed after the first transition crop cycle did not alter the overall classification of irrigation water 

quality, they highlight the need for continued monitoring due to the favorable reduction of iron and 

pH in the Cedar–Lemon–Corn model, and the concerning increases in ammonium, bicarbonate, 
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phosphates, manganese and SAR in the Cedar-Avocado-Bean model. The latter model exhibited 

greater variability in water chemical composition compared to the other models, an aspect that 

requires further attention. 

The data collected were sufficient to discuss the possible influence of anthropogenic actions 

associated with the project on irrigation water during the implementation of agroforestry models, 

but did not provide detailed information on the characteristics of the complex hydrogeological 

environments of the area and the water movements within the farms that could explain the 

influence of natural processes on the variations in the physical and chemical properties of water in 

these agroecosystems. 
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