
Agrociencia Uruguay 2024 | Volume 28 | Article e1430 

DOI: 10.31285/AGRO.28.1430 
ISSN 2730-5066 

 

 

Cardozo M, Beretta A, Puppo L. WinSRFR model validation in border irrigation in a soil in 
southern Uruguay. Agrociencia Uruguay [Internet]. 2024 [cited dd mmm yyyy];28:e1430. 
Doi: 10.31285/AGRO.28.1430. 

 

WinSRFR model validation in border irrigation in a soil in southern 
Uruguay 

 

Cardozo, M. 1; Beretta, A. 1; Puppo, L. 1 

1Universidad de la República, Facultad de Agronomía, Montevideo, Uruguay 

 

 

Abstract 
In Uruguay, the irrigation boom driven by rice cultivation between the 1970s and 2000s 

and the subsequent reduction of the rice area led to the underuse of impounded water. 

Surface irrigation of sown pastures would seem to be a good alternative to solve this 

problem. But, although surface irrigation has advantages, its applicability is limited by the 

need for precise systematization and it is not suitable for light soils, with a loamy to sandy 

loam texture, with a slope. This study seeks to adjust the border irrigation technology in 

southern Uruguay and validate the WinSRFR model in border irrigation with pastures. 

Nine borders were used with slopes of 2.5% to 3%, widths of 5.5 to 6.3 m and lengths of 

50 to 65 m. Previously optimized flow rates were used and soil moisture was monitored 

with an FDR probe. Operational analysis with WinSRFR determined the necessary 

irrigation time. Performance parameters were evaluated: application efficiency, 

distribution uniformity, storage efficiency, percolation losses and runoff at the foot. The 

results reveal a high correlation between the model-simulated data and the observed 

data. Validation was carried out using 11 events of the 21 evaluated. The sensitivity 

analysis of the model showed a high impact on slopes of less than 1% and had no 

relevant effects above 3%. Variations in the roughness coefficient (n) have limited effect. 

Furthermore, the infiltration family influences the performance parameters. 

Keywords: application efficiency, distribution uniformity, simulation models, 

surface irrigation 

 

Validación del modelo WinSRFR en riego por melgas en un suelo del sur de 
Uruguay 

Resumen 

En Uruguay, el auge del riego impulsado por el cultivo de arroz entre las décadas de 1970 a 2000 y la posterior reduc-

ción del área arrocera condujeron a la subutilización del agua embalsada. El riego superficial de pasturas sembradas 

parecería ser una buena alternativa para solucionar este problema. Aunque el riego por superficie tiene ventajas, su 

aplicabilidad se ve limitada por la necesidad de sistematización precisa y no es adecuado para suelos livianos, de textu-

ra franca a franco arenosa, con pendiente. Este estudio busca ajustar la tecnología del riego por melgas en el sur de 

Uruguay y validar el modelo WinSRFR en melgas con pasturas. Se utilizaron nueve melgas con pendientes de 2,5% a 

3%, anchos de 5,5 a 6,3 m y longitudes de 50 a 65 m. Se emplearon caudales previamente optimizados y se monitoreó 

la humedad del suelo con una sonda FDR. El análisis operacional con WinSRFR determinó el tiempo de riego necesa-

rio. Se evaluaron los parámetros de desempeño: eficiencia de aplicación, uniformidad de distribución, eficiencia de 

almacenaje, pérdidas por percolación y escurrimiento al pie. Los resultados revelan alta correlación entre los datos 

simulados por el modelo y los observados. La validación se realizó utilizando 11 eventos de los 21 evaluados. El análi-
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sis de sensibilidad del modelo demostró tener alto impacto en pendientes menores a 1% y no tener efectos relevantes 

por encima de 3%. Variaciones en el coeficiente de rugosidad (n) tienen efecto limitado. Además, la familia de infiltra-

ción influye en los parámetros de desempeño. 

 

Palabras clave: eficiencia de aplicación, modelos de simulación, riego por superficie, uniformidad de distribución 

 

Validação do modelo WinSRFR na irrigação por faixas em solo do sul do 
Uruguai 

Resumo 

No Uruguai, o boom da irrigação impulsionado pelo cultivo de arroz entre as décadas de 1970 e 2000 e a subseqüente 

redução da área de arroz levaram à subutilização da água represada. A irrigação superficial de pastagens semeadas 

parece ser uma boa alternativa para resolver este problema. Embora a irrigação superficial apresente vantagens, a sua 

aplicabilidade é limitada pela necessidade de uma sistematização precisa e não é adequada para solos leves, de textu-

ra franco-arenosa, com declive. 

Este estudo busca ajustar a tecnologia de irrigação por faixas no sul do Uruguai e validar o modelo WinSRFR em faixas 

com pastagens. Foram utilizadas nove faixaseficiência da aplicação com declives de 2,5% a 3%, larguras de 5,5 a 6,3 

m e comprimentos de 50 a 65 m. Foram utilizadas vazões previamente otimizadas e a umidade do solo foi monitorada 

com uma sonda FDR. A análise operacional com WinSRFR determinou o tempo de irrigação necessário. 

Foram avaliados os parâmetros de desempenho: eficiência de aplicação, uniformidade de distribuição, eficiência de 

armazenamento, perdas por percolação e escoamento superficial. Os resultados revelam alta correlação entre os dados 

simulados pelo modelo e os dados observados. A validação foi realizada utilizando 11 eventos dos 21 avaliados. A 

análise de sensibilidade do modelo mostrou que o mesmo teve alto impacto em declividades inferiores a 1% e não teve 

efeitos relevantes acima de 3%. Variações no coeficiente de rugosidade (n) têm efeito limitado. Além disso, a família de 

infiltração influencia os parâmetros de desempenho. 

 

Palavras-chave: eficiência da aplicação, irrigação superficial, modelos de simulação, uniformidade de distribuição 

 

 

1. Introduction 

Worldwide, irrigated agricultural production accounts for over 70% of water withdrawals(1). In Uruguay, the 

percentage of water used for this sector is even higher. According to De León & Delgado(2), 86% of the volume 

of water used in Uruguay is destined for agricultural irrigation, which coincides with data from Hill(3), reporting 

84% of the extracted water used for the same purpose, and from DINAGUA(4), which reports 80% of the use of 

extracted water for crop irrigation. 

Between the 1970s and 2000s, the irrigated area in Uruguay experienced a significant increase, quadrupling 

its area from 52,000 to 218,000 irrigated hectares, according to Hill(3), with rice being the agricultural item that 

has determined the evolution of the country's irrigated area. However, despite this increase, only 15% of the 

country's total cultivated area is currently irrigated. On the other hand, since 2010-11 the rice-planting area has 

been decreasing, leading to the underutilization of significant volumes of reservoir water that is available and 

idle. Intensive livestock production with planted and irrigated pastures in direct grazing could be an immediate 

alternative for these regions of the country(5). 

Regarding pasture irrigation, information in Uruguay is scarce, but according to 2011 data, only 1.2% of graz-

ing crops were irrigated, as reported by DIEA(6). 
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Between 80 and 85% of the world's irrigated area is carried out using surface irrigation(7)(8). Despite the eco-

nomic advantages of surface irrigation, such as lower investment and operational costs compared to pressur-

ized irrigation(7), these advantages are counterbalanced by the need for precise systematization, coupled with 

the unsuitability of this irrigation method for light-textured soils(9). 

There is no such thing as an optimal irrigation method; rather, the appropriateness of a method depends on 

the specific situation(10). Among the different types of surface irrigation, border irrigation is the one that is best 

adapted to forage crops. García Petillo(10) suggests that low application efficiency (AE) or distribution uniformi-

ty (DU) in surface irrigation cannot be attributed to the method itself if the irrigation system has not been 

properly designed or operated. High-slope topography and low infiltration rates represent additional challenges 

for adapting international guidelines(11) in the management of border irrigation. Faced with this situation, the 

Hydrology, Irrigation and Drainage Unit of the Agronomy College (Udelar) initiated, in 2012, a line of research 

on border irrigation in pastures, aiming to optimize irrigation management from design to management deci-

sion-making. 

Various national investigations have reported mixed results regarding application efficiency and distribution 

uniformity in surface irrigation systems, ranging from high to low levels. According to García Petillo and ot-

hers(11), the first study of the Hydrology, Irrigation and Drainage Unit in this type of surface irrigation did not 

achieve acceptable levels of distribution uniformity (DU) or application efficiency (AE), attributable to the pres-

ence of transverse slope in the border. In this case, AE values of 13% and DU of 62% were recorded. In re-

sponse to this problem, the following study carried out by Puppo and others(12) prioritized the systematization 

of the border irrigation test, defining the direction of the border in the direction of the maximum slope, minimiz-

ing the transverse slope, reaching DU values above 90%, with AE in a medium range between 40 and 50%. 

In the research carried out by Corcoll & Malvasio(13), the average AE and DU for three irrigation sheets applied 

were 91.2% and 91.6%, respectively. In accordance with these studies, Bourdin and others (14) obtained AE 

values above 75%, coinciding with the application efficiency results obtained by Ribas & García(15). This last 

study was conducted on two different types of soils, resulting in AE values above 75%. These observations 

suggest that the optimization of efficiency in surface irrigation is closely linked to proper farm systematization. 

WinSRFR is a hydraulic simulation model of surface irrigation developed by the USDA-Agricultural Research 

Service that allows the analysis of surface irrigation performance by evaluating performance parameters, esti-

mating water infiltration, and simulating new irrigation scenarios (16). In the study carried out by Puppo and oth-

ers(12), WinSRFR accurately predicted the volume of infiltrated and runoff water, and Corcoll & Malvasio(13) 

concluded that the WinSRFR simulation model exhibited a good correlation between observed field data and 

those simulated by the model, in terms of AE. 

The WinSRFR model has been widely used in various studies, either for calibration purposes or simply for the 

analysis of field results, including the studies by Puppo and others(12), Corcoll & Malvasio(13), Bourdin Medici 

and others(14), and Ribas & García(15). Bautista and others(16) performed a sensitivity analysis of the model to 

variations in the infiltration family and Manning’s roughness coefficient (n), under conditions of fixed irrigation 

dimensions and time. Their study indicates that the model responds to variations in these factors, although in 

some cases the effect is minimal. It should be noted that this study did not consider variations in slope, con-

ducting all simulations with a fixed slope. While international literature recommends surface irrigation(17) for low 

slopes, border irrigation practices are common in Uruguay on pastures with slopes of 3% or more. Therefore, 

studying the model's sensitivity to variations in this parameter is important. 

In this context, our study aimed to continue adjusting border irrigation technology for the soil and topographic 

conditions of southern Uruguay, and to validate the performance of the WinSRFR model in border irrigation 
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with pastures. Additionally, technical recommendations for border irrigation are proposed for soil and topo-

graphic conditions different from those evaluated in this study, aiming to serve as a tool for the design and 

management of border irrigation in pastures. 

 

2. Material and methods   

2.1 Test site and characterization 

The study was conducted at the Southern Regional Center of the Agronomy College in Progreso, Canelones 

(34º36'26.38'' S, 56º13'03.36'' W). In February 2016, a topographic survey was carried out with contour lines at 

vertical intervals of 0.2 m. Subsequently, the irrigation area was systematized, orienting the plots in the direc-

tion of maximum slope to minimize transverse slope. 

The soil corresponds to Argiudolls and Hapluderts, according to the USDA classification (18). It is classified as 

Typic Eutric Brunosol, black or very dark brown, with loamy silty clay texture, high fertility and moderately well-

drained, and with slopes ranging from 1 to 4%. It belongs to the Tala Rodriguez Soil Unit of the 1:1 million 

chart; representative of the Coneat soil group: 10.8a. 

In April 2020, surface roughness was removed and the edges of the borders were reshaped using a tail shov-

el. Figure 1 shows the borders and the machinery forming the edges. 

 

Figure 1. Machinery used to build the edges of the borders 

 

A total of 14 borders were traced, with a longitudinal slope of between 1.5 and 3%, widths of 5.5 to 6.3 m and 

lengths of 50-65 m (Table 1). 

 

Table 1. Dimensions of each border 

Border 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Length (m) 65 64 63 63 62 58 57 56 55 55 53 52 51 50 

Width (m) 5.8 5.9 5.8 5.5 5.9 5.5 5.8 5.5 5.9 5.9 6.0 6.3 6.1 5.9 

Long. slope (%) 2.9 2.8 2.9 2.8 2.7 2.3 2.6 2.7 2.7 2.7 2.5 2.1 2.3 1.5 

Long. slope= longitudinal slope 



Cardozo M, Beretta A, Puppo L 
 

 

Agrociencia Uruguay 2024;28:e1430 5 
 

From the total built, 9 borders were selected to carry out the test, choosing those with the greatest length and 

dimensions close to those used by Puppo and others (12), for which the range of flow rates to evaluate had al-

ready been defined.  

On May 29, 2020, a mixture of fescue, white clover, and lotus was sown. Irrigation water was diverted from the 

reservoir, initially using a polyethylene (PE) siphon with a nominal diameter (ND) of 110 mm. During the 

drought of 2021-22 and 2022-23, the water diversion from the reservoir to the area systematized for border 

irrigation had to be replaced by a motor pump to be able to pump from a lower level in the reservoir. Conduc-

tion to the borders was carried out with collapsible polyethylene sleeves of 10" and 250 microns (Figure 2). 

The water was adduced to each border by means of two adjustable 2" gates, spaced 3 m apart. 

 

Figure 2. Sketch of the test with contour lines and general references 

 

2.2 Soil water parameters 

The field capacity (FC) of each horizon was determined using the methodology proposed by García Petillo and 

others(19), while the permanent wilting point (PWP) was estimated by means of the regression developed by 

Silva and others(20) based on the FC data on a dry weight basis. Bulk density by horizon measurement was 

performed using undisturbed samples. 

 

Table 2. Soil hydraulic parameters 

Depth cm FC % dw PWP % dw Db g cm-3 AW mm 10 cm-1 AW mm horiz-1 

0-20 28.8% 16.6% 1.2 15 29 

20-40 31.6% 18.7% 1.17 15 30 

Total         59 

FC % dw = field capacity on a dry weight basis; PWP % dw = permanent wilting point on a dry weight basis; Db = bulk 

density; AW = available water 
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Cumulative infiltration was measured using the double-ring infiltrometer technique. A curve was fitted using 

Kostyakov's equation, expressed as follows: 

Icum = A x tB  (1) 

where Icum represents the cumulative infiltration as a function of time in millimeters, A and B are the coeffi-

cient and exponent of the potential equation, respectively, and t is the time of water entry into the soil in 

minutes. 

Subsequently, based on the data from the irrigation assessments, the coefficient A of equation (1) was cor-

rected by means of a volume balance, resulting in a new Amodif coefficient. This correction was carried out to 

enable the application of the WinSRFR(16)(21) simulation model, with the following ratio: 

Amodif = A x LN inf/Icum (2) 

where Amodif = coefficient of the infiltration equation modified; A = coefficient of the infiltration equation with 

double-ring infiltrometer; LN inf = average infiltrated sheet calculated by volume balance in each evaluation; 

Icum = average infiltrated sheet calculated with the double-ring infiltrometer equation in each evaluation, de-

termined by contact time. 

The infiltration rate, in mm h-1, was obtained by deriving the cumulative infiltration as a function of time. Basic 

soil infiltration, Ib, was determined by the following formula(17)(22): 

Ib= (-600 × b)b × a × 60  (3) 

where Ib = the basic infiltration of the soil in mm h-1; A = the coefficient of the infiltration rate equation, and B = 

the exponent of the infiltration rate equation, from data expressed in mm and min. The Ib is determined in or-

der to define which infiltration family(23) the test soil is part of. 

2.3 Flow rates and irrigation time evaluated  

As a starting point for flow application, the optimized flow rates previously determined by Puppo and others (12) 

were adopted, with a greater reduction in flow rate due to the high runoff volumes observed when using a high 

flow rate for the dimensions of the borders evaluated. The evaluated unit flow rates were as follows: Q1 = 0.2, 

Q2 = 0.33 and Q3 = 0.4 L s-1 m-1, with three repetitions each. The inflow rates were finally set for the width of 

the plots at 1.2, 2.0 and 2.4 L s-1, corresponding to Q1, Q2 and Q3, respectively. 

Table 3 shows the characteristics of the borders used with each flow rate. The lengths varied between 55 and 

64 m, the width of each border from 5.5 to 6.0, and the slope from 2.3 to 2.9%. 

 

Table 3. Characteristics of the furrows used in each evaluation 

Variable Q1 Q2 Q3 

Inflow rate (L s-1 m-1) 0.20 0.33 0.40 

Length (m) 55 - 63 55 - 63 57 - 64 

Width (m) 5.5 – 6.0 5.5 - 5.9 5.8 - 5.9 

Slope (%) 2.7 - 2.8 2.3 - 2.9 2.6 - 2.8 
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Soil moisture was monitored using an FDR (Frequency Domain Reflectometry, Delta-T Devices™, USA) probe 

before and after each evaluation. Eight access pipes were installed in 6 plots, and 3 pipes in 3 other plots to 

determine the volumetric moisture content. The probe was calibrated to measure at two depths, from 0 to 

20 cm and from 20 to 40 cm (maximum depth reached by absorbing roots), using the gravimetric method of 

soil water measurement, according to Marano and others(24). 

Regarding the irrigation time (IT), upon finding that the flow rates optimized by Puppo and others(12) did not 

match the expected time for their application, the WinSRFR Operational Analysis was used. This analysis 

allowed determining the irrigation time required to ensure the infiltration of the required sheet at the foot of the 

borders before each evaluation(16)(21). 

Before each evaluation, the net sheet required to restore soil moisture to FC at root depth (LN) was defined. 

For this purpose, the FDR probe was used to measure soil moisture before irrigation, and the required IT for 

each flow rate was calculated, as mentioned previously, using the results of the Operational Analysis module 

of the WinSRFR model. The inputs needed by this module are border dimensions, longitudinal slope, infiltra-

tion rate and Manning's roughness coefficient (n), where n used was 0.3. 

2.4 Field determinations 

In each evaluation, inflow and outflow hydrographs were generated for the three evaluated flow rates. To do 

this, WSC flowmeters were installed at the inlet of each border to measure the inflow, and a channel was de-

signed at the foot of the borders where WSC flowmeters were located to measure the outflow. Two different 

sizes of flowmeters were used, adapted to the range of flow rates to measure. The selection of these flowme-

ters is based on their recommendation for measuring small flow rates(25). 

In order to construct the advance and recession curves for each flow rate, stakes were placed in the evaluated 

plots every 10 meters. The time of arrival and recession of water at each stake was recorded, thus defining the 

contact time. 

2.5 Performance parameters 

From pre- and post-irrigation moisture levels, inflow and outflow hydrographs, and advance and recession 

curves, various efficiency indicators or performance parameters were calculated, including Application Effi-

ciency (AE), Distribution Uniformity (DU), Storage Efficiency (RE), Percolation Losses (Per), and Runoff (RO). 

AE was determined as the ratio of the infiltrated sheet at root depth (LN inf) to the gross sheet (LB). 

AE = LN inf / LB x 100 (4) 

LN inf represents the sheet that was effectively infiltrated and stored at root depth, measured in millimeters, 

and was calculated according to García Petillo and others(19) using the formula: 

LN inf = Xd – Xa (5) 

where Xa is the average water content in millimeters of all points before irrigation, determined with the FDR 

probe, and Xd is the average water content in millimeters of all points after irrigation, also measured with the 

FDR probe. On the other hand, LB, which corresponds to the total sheet applied in millimeters, was deter-

mined with the following formula: 

LB = Qr x IT/(L x A) (6) 
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where Qr is the irrigation flow rate at L s-1; IT is the irrigation time in s; L is the length of the border in meters, 

and A is the width of the border in m. 

DU was calculated as the ratio between the infiltrated sheet in the least irrigated quarter and the average infil-

trated sheet in the entire plot, following the method of Walker & Skogerboe(26). The average infiltrated sheet 

was calculated from the volume balance, defining the following formula: 

Linf avg = (Vola – Vold) / (L x W) (7) 

where Linf avg = average infiltrated sheet in the border, in mm; Vola = total volume applied in L; Vold = total 

volume drained in L; L = length of the border in m; W = width of the border in m. 

Since the average infiltrated sheet is related to the contact time, the infiltrated sheet in the least irrigated quar-

ter corresponded to the quarter of data taken in the plot with the shortest contact time (T recession - T ad-

vance), that is, the shortest time the water remains on the soil surface. To calculate this, the contact time of 

the least irrigated quarter was substituted into the cumulative infiltration equation (1) and the modified A coeffi-

cient (2) was used. 

RE is the ratio between the net sheet stored (LN inf (5)) after irrigation, and the net sheet required (LN). 

RE = LN inf / LN × 100  (8) 

Runoff (RO) was defined with the following formulas: 

RO = (LRO) / LB × 100  (9) 

LRO = Vols / (L × W)  (10) 

where LRO is the runoff sheet (in mm), calculated as the volume of water determined with flowmeters in the 

channel at the foot of the border relative to the area of the border; LB corresponds to the total sheet applied in 

millimeters; Vols is the total runoff volume in liters measured with a flowmeter at the foot of the borders; L the 

length of the border in meters, and W the width of the border in m. 

Finally, percolation losses (Per) are defined as the difference between the above efficiencies: 

Per = 100 – AE – RO  (11) 

 

2.6 Use of the WinSRFR program and its validation 

For each evaluation and flow rate, the Simulation module in the WinSRFR program was used to replicate the 

field evaluations and observe how well the model predicts the results. The input data needed for this module 

are: LN, inflow hydrographs, border dimensions, longitudinal slope, infiltration rate and Manning's roughness 

coefficient (n), where the n used was 0.3. 

A preliminary analysis was performed to compare the performance parameters obtained during the field eval-

uations with the parameters generated by the simulation module (observed values, average, minimum and 

maximum values). In this initial analysis, for each evaluation and flow rate, the Kostiakov equation (1) was 

used for the infiltration rate in the simulation module, with the Amodif obtained through volume balance (2). 

That is, each event was adjusted by volume balance. This last aspect is crucial in our study, given that each 

assessment was conducted under disparate soil moisture conditions. Therefore, the need to adjust the infiltra-

tion rate using volume balance becomes fundamental in every evaluation. From now on, this analysis method-

ology is referred to as Simulation with Amodif. 
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Considering that obtaining Amodif requires determining the runoff in the field to define the volume balance, 

and recognizing that this process can be challenging at the producer level, the option arises to compare per-

formance parameters using the infiltration family, defined from the Ib(3). This approach allows analyzing the 

behavior of the simulation model without relying on runoff measurements in the field (9). This methodology is 

called Simulation with Infiltration Family. 

For the model validation process, only 11 events were selected out of the total 21 events evaluated. In this 

selection, events with LN values greater than 54 mm were discarded because they are not commonly used in 

"agricultural production" due to corresponding to very low moisture levels in Uruguayan soils, to maintain ade-

quate levels of forage production. 

For each performance parameter, the coefficient of determination R2 was obtained, associated with each of 

them. In addition, an error analysis was carried out, both in absolute values and by calculating the RMSE 

(Relative Mean Square Error), for LN inf, AE and RO values. 

2.7 Sensitivity analysis 

Once the ability of the WinSRFR program to accurately predict performance parameters under the evaluated 

conditions was confirmed, a comprehensive sensitivity analysis was conducted. This analysis focused on ex-

amining in detail the impact of parameter variations, such as landslope, Manning’s roughness coefficient (n) 

and infiltration family, to enhance understanding of the model's response to diverse conditions. A calculation of 

the cumulative differences was implemented, to carry out this evaluation, by modifying the value of each pa-

rameter individually. This procedure was conducted using the operational and simulation analysis modules, 

ensuring that the LN inf at the foot of the border was equal to or greater than the LN, and evaluating the per-

formance parameters obtained. 

For the slope effect analysis, the value of this parameter was changed in two different situations: one with a 

length of 50 meters and the other of 100 meters, both with a width of 5.5 meters. In the first case, flow rates for 

plot widths of 1, 2 and 3 L s-1 were tested, while in the second case, flows of 2, 4 and 6 L s-1 were evaluated. 

Sensitivity to slope changes was evaluated on the parameters IT, LN inf, AE and RO, in each combination of 

length and flow rate (conditions held constant). 

To analyze the effect of n variation, a simulation was carried out in a single condition with a length of 60 me-

ters, a width of 6 meters, a slope of 0.5%, and an infiltration family of 0.3. Two irrigation times were tested, 1.3 

and 2 hours, and the value of n was varied. Changes in the values of the same parameters listed in the previ-

ous paragraph were evaluated. 

Regarding the effect of the infiltration family, tests were performed under a condition of 60 m in length, 6 min 

width, n of 0.25 and slope of 0.1%. A second situation with a slope variation of 1% was tested. In both condi-

tions, two irrigation times were tested, 1.3 and 2 hours, and the infiltration family was changed from 0.1 to 0.5. 

Changes on the values of the same parameters listed in the previous paragraphs were evaluated. 

Under each of the specified conditions, the modification of one variable at a time allowed for isolated observa-

tion of the effect of each change in that variable. This systematic approach enabled a detailed and accurate 

analysis of the impact of individual variations in slope, roughness coefficient (n) and infiltration family on the 

model’s performance parameters. By keeping the other variables constant, a clearer and more specific under-

standing of the model’s sensitivity to each adjustment was achieved, providing valuable insights for the inter-

pretation and practical application of the results obtained. 













Cardozo M, Beretta A, Puppo L 
 

 

Agrociencia Uruguay 2024;28:e1430 15 
 

Table 5. Measured performance parameters, simulated using adjusted infiltration rate, and simulated using infiltration 

family, in the evaluations selected for validation 

Field-measured evaluation 

Date Flow rate L s-1 LN LB LN inf AE % RE % DU % Per % RO % 

14/1/2021 1.2 41 39 31 79 76 93 0 20 

14/1/2021 2 35 39 34 88 97 95 0 13 

14/1/2021 3 47 79 36 54 92 96 0 45 

31/1/2022 1.2 25 45 30 68 100 93 13 19 

31/1/2022 1.8 19 34 22 65 100 91 8 27 

31/1/2022 2.4 23 40 29 71 100 96 3 26 

23/4/2022 1.2 53 62 59 96 100 68 2 2 

23/4/2022 2 20 37 24 66 100 96 16 17 

23/4/2022 2.4 23 39 26 66 100 98 27 7 

12/12/2022 1.2 49 54 43 80 88 91 13 6 

12/12/2022 2 47 41 31 76 67 99 11 12 

                    

Simulated with Amodif 

Date Flow rate L s-1 LN LB LN inf AE % RE % DU % Per % RO % 

14/1/2021 1.2 41 39 29 74 71 91 0 26 

14/1/2021 2 35 39 30 75 84 90 0 24 

14/1/2021 3 47 79 42 53 88 97 0 48 

31/1/2022 1.2 25 44 34 57 100 91 21 22 

31/1/2022 1.8 19 34 21 56 100 96 5 38 

31/1/2022 2.4 23 40 27 57 100 95 10 33 

23/4/2022 1.2 53 63 63 80 94 64 20 0 

23/4/2022 2 20 37 29 55 100 91 24 22 

23/4/2022 2.4 23 39 33 59 100 88 25 16 

12/12/2022 1.2 49 54 48 86 94 83 3 11 

12/12/2022 2 47 42 35 84 74 88 0 16 

                    

Simulated with infiltration family 

Date Flow rate L s-1 LN LB LN inf AE % RE % DU % Per % RO % 

14/1/2021 1.2 41 39 39 93 89 69 5 2 

14/1/2021 2 35 39 32 81 91 85 1 17 

14/1/2021 3 47 79 43 54 92 96 0 46 

31/1/2022 1.2 25 44 42 57 100 76 39 5 

31/1/2022 1.8 19 34 30 56 100 83 32 12 

31/1/2022 2.4 23 40 31 57 100 90 19 24 

23/4/2022 1.2 53 63 56 82 97 84 7 11 

23/4/2022 2 20 37 30 55 100 87 28 17 

23/4/2022 2.4 23 39 31 59 100 89 20 22 

12/12/2022 1.2 49 54 49 86 94 80 5 9 

12/12/2022 2 47 42 33 79 70 89 0 21 
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By analyzing the correlation between the evaluated data and the simulated data, it is confirmed that, in most 

cases, this correlation is high. When focusing on cases involving the use of Amodif, the R² values for LN inf 

are consistent with expectations, since this variable is influenced by the volume balance. In the same way, 

when observing the R² values for AE of 0.64, RE of 0.77 and RO of 0.90, it is clear that measuring the runoff at 

the foot and knowing precisely the value of LN inf increase the accuracy in the prediction of the values. 

Simulating using the infiltration family (without considering direct runoff measurement in the field), we also 

noticed a similarity between predicted and observed values. The R² values for LN inf, AE, RE, and RO are 

0.82, 0.64, 0.82, and 0.35, respectively. It is relevant to note that the RE values show a significantly better fit 

when using the infiltration family, compared to using Amodif. However, predicting runoff at the foot is less pre-

cise, as reflected in low R² values. 

In terms of error analysis, it is noteworthy that these errors are minimal, both in millimeters, in the case of LN 

inf or RO, and in percentage terms, in the case of AE and RE. The average absolute errors for LN inf are 11 

and 17%, compared to the average LN inf value obtained in the analyzed cases and for the Simulation with 

Amodif and Simulation with the infiltration family, respectively. In the case of AE, it is observed that the error is 

close to 9% in both cases, while for RE, errors range between 3 and 5%, with the situation of Simulation with 

Amodif and Simulation with the infiltration family, respectively. As for RO, the error is between 6 and 8 mm, 

taking into account that the average RO is 18%, confirming that this parameter is the most difficult to predict, 

with a percentage error between 33 and 44%. When analyzing the errors using the Root Mean Square Error 

(RMSE), a very similar trend is observed, although a higher value stands out in absolute terms for each of the 

performance parameters evaluated in both situations. 

 

Table 6. Average absolute error, RMSE and R2 of LN inf, AE, RE and RO simulated using the adjusted infiltration rate 

and simulated using the infiltration family, in the evaluations selected for validation 

  Simulation with Amodif 

  Absolute error  RMSE R2 

LN inf mm 3.8 4.2 0.9028 

AE % 9.2 10.1 0.6394 

RE % 3.7 5.4 0.7736 

RO mm 5.9 6.8 0.9063 

        

  Simulation with infiltration family 

  Absolute error RMSE R2 

LN inf mm 5.5 6.2 0.8195 

AE % 8.7 9.8 0.6426 

RE % 5.0 9.5 0.8251 

RO mm 8.1 10.3 0.3585 
 

 
3.5 Sensitivity analysis 

The results of the sensitivity analysis are presented below. 
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The variation in the infiltration family demonstrates an effect on the performance parameters obtained when 

exploring various slope and IT conditions. The results are consistent in several aspects: large variations in RO 

values are observed until an infiltration family of 0.35 is reached. However, above this value, there are no sig-

nificant changes in this factor. In addition, for this same situation, limited variation is observed in the term LN 

inf, which is the value with the least variability in the face of changes in the infiltration family. 

The impact on the values of AE and RO is clear, which decreases considerably when the infiltration family 

exceeds 0.35. These results are consistent with the findings of Bautista and others (27). It is crucial to highlight 

that no significant differences are observed in percentage terms between the 0.25 and 0.35 infiltration families, 

with these being the most predominant families in Uruguayan soils. 

3.6 Technical recommendations for the design and management of border irrigation in pastures 

Taking into account that the model shows few variations in the analyzed parameters above 2.5 and 3% slope, 

a table was developed that includes recommended flow rates and irrigation times for different border lengths 

and slopes. These results are valid for soils belonging to the same infiltration family as those used at the trial 

site. This guide can serve as a useful tool for irrigation technicians as a primary recommendation when defin-

ing the design and management of border irrigation in pastures for the predominant soils of Uruguay. 

 

Table 7. Recommended management measures for different border lengths and slopes, for infiltration family 0.3 

Length Slope Flow rate L s-1 m-1 IT (hr) LN inf AE % RO % 

50 0.10% 0.2 4.0 54 56 0 

    0.4 1.3 38 71 10 

    0.5 1.0 35 70 19 

              

  0.50% 0.2 4.0 50 57 4 

    0.4 1.7 35 68 21 

    0.5 1.4 33 55 40 

              

  1% to 3% 0.2 3.8 48 58 6 

    0.3 2.4 38 65 17 

    0.4 1.8 34 63 29 

              

              

Length Slope Flow rate L s-1 m-1 IT (hr) LN inf AE % RO % 

100 0.10% 0.4 4.0 54 56 0 

    0.7 1.3 38 71 10 

    1.1 1.0 35 70 19 

              

  0.50% 0.4 4.0 50 57 4 

    0.7 1.7 35 68 21 

    1.1 1.4 33 55 40 

              

  1% to 3% 0.5 3.8 48 58 6 

    0.6 2.4 38 65 17 

    0.9 1.8 34 63 29 
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4. Conclusions 

The results presented reveal the robustness and predictive capacity of the WinSRFR model in the evaluation 

of hydrological parameters and performance parameters of border irrigation for different soil and topographic 

conditions. The model makes a good prediction, introducing data of the infiltration family instead of direct 

measurements of runoff. This makes it a useful and easy-to-use tool for the design and management of border 

irrigation in pastures, beneficial for both technicians and producers. 

Sensitivity analysis provides information on the influence of variables, such as land slope, roughness coeffi-

cient (n), and infiltration family, on model prediction. The model showed sensitivity up to slope values of 2.5 

and 3%, therefore, its use should be limited to these slopes to obtain optimal hydrological parameters. Varia-

tions in the infiltration family demonstrate a significant impact on performance parameters, highlighting the 

need to carefully consider these variables when applying the WinSRFR model. 

Error analysis and evaluation using the RMSE support the overall accuracy of the model, indicating consisten-

cy in the error trend even under varying conditions. 

The development of specific management measures for different slopes and border lengths illustrates the 

practical applicability of the model by providing concrete recommendations to optimize irrigation management 

yield. It is noteworthy that the events used for the validation of the model occurred in soil conditions with rea-

sonable moisture levels at the time of irrigation, ranging from 25 to 85% of available water depletion, repre-

senting suitable conditions for the studied soils and contributing to maintaining optimal conditions for forage 

production. 

In summary, the validity and versatility of the WinSRFR model in evaluation, according to the analyses pre-

sented in this study, provide a solid foundation for its practical application in upcoming studies in Uruguay. 
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