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Abstract

This study was conducted in response to several challenges faced by 
farmers in the rural parish of Chuquiribamba, including inadequate irri-
gation infrastructure, climate variability, a lack of technology, and insu-
fficient knowledge of appropriate water management techniques. In this 
context, the main objective was to determine the water requirements of 
native potato crops (Solanum tuberosum) to promote efficient water use. 
Initially, the consistency of meteorological data recorded at the automatic 
weather station in the area during 2024 was evaluated. Subsequently, irri-
gation requirements were determined for two planting periods (March–
August and September–December). Reference evapotranspiration [ETo] 
was calculated using the modified Hargreaves and Penman-Monteith 
methods. The latter was selected due to its greater accuracy. Crop evapo-
transpiration [ETc] was also estimated by adjusting the crop coefficient 
[Kc] for early varieties, considering a 105-day growing cycle. The results 
did not reveal any inconsistent data in the analyzed variables. The ETo-
ranged from 2.22 to 3 mm day⁻¹ using the Penman-Monteith method, and 
the Kc values were: 0.45 (initial stage), 0.75 (development stage), 1.15 
(flowering stage), and 0.85 (tuberization stage). Consequently, the ETc 
increased from 1.02 mm day⁻¹ in the initial stage to 2.86 mm day⁻¹ in the 
final stage in May-August. In contrast, during the September-December 
period, the ETc started at 1.27 mm day⁻¹ and reached a maximum of 2.87 
mm day⁻¹ during the flowering stage. Irrigation requirements reached 
peak values of 2.62 mm day⁻¹ (May–August) and 2.70 mm day⁻¹ during 
flowering (September–December). In conclusion, this study provides va-
luable information for the planning and sustainable management of water 
resources in native potato cultivation. 

Keywords: crop evapotranspiration, efficient water management, native 
potato, water requirements, water resources sustainability. 

Resumen 

Este trabajo se desarrolló, en respuesta a varios desafíos que enfrentan 
los agricultores de la parroquia rural Chuquiribamba, así como la inade-
cuada infraestructura de riego, la variabilidad climática, la falta de tecno-
logías y desconocimiento de técnicas adecuadas para la gestión del agua. 
Frente a esta situación, el objetivo principal fue determinar los requeri-
mientos hídricos del cultivo de papa nativa (Solanum tuberosum) para 
contribuir al uso eficiente del agua. Inicialmente, se evaluó la consisten-
cia de datos meteorológicos registrados en la estación meteorológica au-
tomática de la zona durante el año 2024. Posteriormente, se determinaron 
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1. Introduction

Water resources are essential for the development of 
sustainable agricultural production, especially in ru-
ral zones where weather disparity and inadequate irri-
gation infrastructure limit crop yield (Abbade et al., 
2024; Becerra-Perenguez et al., 2024). It is estima-
ted that an adequate balance of water requirements in 
agriculture would save substantial quantities of water 
globally, reaching up to 48%. This increase could im-
prove agricultural production by 41% and could redu-
ce the yield gap by 62% (Jägermeyr et al., 2016; Rosa 
et al., 2020). Jägermeyr et al. (2016) mentioned that 
an inadequate application of irrigation sheets in crops 
causes significant damage due to excess or deficit in 
water. Among the main problems, there is radicular 
asphyxia, fungal disease development and limitation 
in nutrient absorption that result in low yields and 
quality of crops.

In Ecuador, the native potato crop has cultural, so-
cial and nutritional importance, and it is produced for 
local consumption (Monteros et al., 2005). Produc-
tion directly contributes to biodiversity conservation 
and food sovereignty of local farmers, becoming a 
key economic support for the family (Araujo et al., 
2021). According to Araujo et al. (2021), 351-500 
native potato varieties are cultivated nationally, and 
approximately 81% are freshly commercialized, whi-
le the rest are used by industries for processing (Es-
pinoza et al., 2011). Particularly, in the Tungurahua 
province, 65% of the native potatoes harvested are 
used for local commercialization, 10% are used for 
self-consumption, and the remaining 25% are used as 
seeds (Pallo et al., 2021).

Potato crops are cultivated between 2,600 to 3,500 
m a.s.l. in three regions: north, in Carchi and Imbabura 
provinces; center, in Pichincha, Cotopaxi, Tungurahua, 
Chimborazo, and Bolivar provinces; and in the south, 
in Cañar, Azuay and Loja provinces with temperatures 

of 10 to 15 °C, and annually rainfall of 750 to 2,000 
mm (Monteros et al., 2010; Araujo et al., 2021). In the 
Ecuadorian highlands, the production levels are vastly 
affected by a lack of planning and non-technical water 
distribution due to climate change, which is responsi-
ble for the changes in meteorological variables with 
prolonged droughts and heavy rains in short periods of 
time. Moreover, historical weather data for high An-
dean zones is necessary to generate information about 
quantity and irrigation needs (Ayala et al., 2017; Nieto 
et al., 2018). This is exposed in frameworks of Banco 
Mundial (2017), which describes that only 13.8% of 
the agricultural surface has technified irrigation sys-
tems. According to Sánchez et al. (2024), the lack of 
technification significantly restricts the efficient use of 
water resources and limits their potential exploitation 
for crop production. In this context, Yuan et al. (2003) 
support that potato constitutes one of the crops with 
the highest sensitivity to water supply imbalances 
because of the limited depth of its radicular systems 
during physiological phases of tuberization and tuber 
filling, which demands a uniform and adequate wa-
ter supply for its development. Insufficient irrigation 
is associated with negative effects, such as deforma-
tions, a reduction in the number of tubers, and size 
reduction. While excessive irrigation increases crop 
vulnerability to important phytosanitary diseases, 
such as Phytophthora infestans, Rhizoctonia solani 
and Fusarium sambucinum.

The inadequate application of crop water requi-
rements is directly associated with significant reduc-
tions in productive yield, as evidenced by studies 
conducted under diverse agroclimatic conditions. In 
agricultural plots evaluated in Lima, Peru, those with 
severe drainage limitations received between 20% 
and 35% less water than required levels, which re-
sulted in yield reductions ranging from 20% to 50% 
across different growing cycles (Trebejo & Midmore, 
2009; Pérez et al., 2024). Similar results have been 

las necesidades de riego para dos periodos de siembra (marzo–agosto y septiembre-diciembre), calculando la evapotrans-
piración de referencia [ETo] mediante los métodos Hargreaves modificado y Penman-Monteith adoptando el segundo por 
su mayor precisión; asimismo, se estimó la evapotranspiración del cultivo [ETc] ajustando el coeficiente del cultivo [Kc] 
para variedades precoces considerando un ciclo vegetativo de 105 días. Los resultados no revelaron datos inconsistentes 
en las variables analizadas. La ETo osciló entre 2,22 y 3 mm día⁻¹ con Penman-Monteith y los valores de Kc fueron: 0,45 
(inicial), 0,75 (desarrollo), 1,15 (floración) y 0,85 (tuberización). En consecuencia, la ETc incrementó de 1,02 mm día⁻¹ 
en la etapa inicial, a 2,86 mm día⁻¹ en la etapa final en mayo-agosto, mientras que, en septiembre-diciembre la ETc ini-
cialmente fue de 1,27 mm día⁻¹ alcanzando su máximo valor en la floración (2,87 mm día⁻¹). Las necesidades de riego 
alcanzaron sus valores máximos de 2,62 mm día⁻¹ (mayo-agosto) y 2,70 mm día⁻¹ en floración (septiembre-diciembre). 
En conclusión, la presente investigación aporta información valiosa para la planificación y sostenibilidad de los recursos 
hídricos en el cultivo de papa nativa.  
 
Palabras clave: evapotranspiración de cultivos, gestión eficiente del agua, papa nativa, requerimientos hídricos, sosteni-
bilidad de recursos hídricos. 
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reported in Canada, where daily losses ranging from 
3.1% to 3.4% were recorded, as well as in New Mexi-
co, where the application of a 20% water deficit cau-
sed a 22.1% reduction in yield compared with opti-
mal irrigation schemes (Li et al., 2023; Shrestha et 
al., 2024). Additionally, the application of irrigation 
depths exceeding 120–140% of estimated evapotrans-
piration is associated with yield declines ranging from 
7.1% to 22%, while also causing physiological and 
sanitary disorders such as tuber rot, hollow heart, and 
brown spots—factors that compromise the quality 
and commercial value of potato production (Shrestha 
et al., 2023; Ma et al., 2024).

In line with these arguments, Barona et al. (2022) 
highlights the importance of using meteorological 
stations for the systematic measurement of atmos-
pheric variables, the analysis of which enables the 
development of strategies aimed at the efficient use 
of water resources in production systems. Likewise, 
atmospheric demand is influenced by factors such as 
temperature, relative humidity, solar radiation, and 
rainfall; therefore, the precise determination of the-
se parameters constitutes a fundamental input for 
estimating the actual water requirements of crops, 
optimizing irrigation application, and enhancing agri-
cultural productivity by preventing both deficits and 
excesses that may compromise plant growth and yield 
(Valderrama et al., 2021). 

Within the territorial scope of the parish of Chu-
quiribamba, the Aguarongo–Zañe irrigation system 
has an area of influence of 98.30 ha, of which 81.7% 

corresponds to areas effectively supplied with irriga-
tion, making it possible to meet the water demand of 
the crops established by potato producers in the area; 
however, the limited technical knowledge regarding 
the management and allocation of water applied to 
each crop results in practices that constrain produc-
tive performance and affect the sustainability of local 
agricultural systems (Chamba-Ontaneda, 2021). 

Based on this context, the research is aimed at 
generating technical knowledge that contributes to 
improving irrigation efficiency in native potato cul-
tivars in rural areas, strengthen farmers’ productive 
resilience and promote sustainable water resource 
management. To this end, it proposes evaluating the 
consistency of meteorological records obtained from 
the automatic weather station in Chuquiribamba to es-
timate evapotranspiration and define irrigation requi-
rements adjusted to the conditions of the study area.

2. Materials and Methods

The Aguarongo–Zañe irrigation system is in the re-
gion of Chuquiribamba, which belongs to the canton 
of Loja, at an altitude between 2,500 and 2,900 me-
ters above sea level, defining a physical environment 
characteristic of the southern Ecuadorian highlands 
(Figure 1). The system’s area of influence is bound by 
the UTM coordinates 684079.37 m E and 684322.08 
m E, as well as 9574786.36 m N and 9576913.66 m 
N, corresponding to Zone 17 South, and covers an 

Figure 1. Location of the Aguarongo–Zañe irrigation system
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approximate area of 107 hectares dedicated to agri-
cultural activity. Under these spatial conditions, cli-
matic characteristics are marked by an average annual 
rainfall of approximately 1,050 mm and an average 
temperature of around 12.7 °C, whose irregular dis-
tribution affects the system’s water availability, ge-
nerating scenarios of surplus and deficit that directly 
influence the growth, development, and yield of crops 
and pastures established in the area.

2.1. Data processing 

The climatic variables used in this research were re-
corded using a Davis Vantage Pro2™ model 6162 
automatic weather station, identified in the field as 
“UNL_ST_CHUQUIRIBAMBA”, which is installed 
in the parish of Chuquiribamba at UTM coordinates 
684111.69 m E and 9575790.86 m N. The station was 
configured to perform measurements at 15-minute in-
tervals, which made it possible to capture in detail the 
daily variability of the main meteorological variables 
required for estimating evapotranspiration and crop 
water requirements.

The recorded data were downloaded from the 
WeatherLink platform in CSV format and processed 
using the R programming language and the RStudio 
IDE, where data cleaning, quality control, and vali-
dation procedures were carried out to identify incon-
sistencies, outliers, and potential measurement errors.

2.2. Consistency Analysis 

The consistency analysis of the meteorological varia-
bles corresponding to the year 2024 was carried out 
following the method proposed by Meek and Hatfield 
(1994), later validated by Shafer et al. (2000), which 
is based on the internal control of logical consistency 
among variables recorded by a single meteorological 
station. In the first stage, outliers and improbable re-
cords were identified by descriptive statistics, consi-
dering measures of central tendency and dispersion, 
particularly the mean and standard deviation of each 
variable. Subsequently, logical relationships and phy-
sical limits were evaluated among physically related 
meteorological variables, such as the condition Tmin 
< Tmean < Tmax and the consistency between avera-

ge and maximum wind speeds, with records that did 
not meet these criteria being discarded (Table 1). Fi-
nally, the Pearson correlation coefficient was applied 
to variables with direct physical dependence to veri-
fy the statistical consistency of the data and ensure 
the reliability of the information used in subsequent 
analyses.

2.3. Reference and crop evapotranspiration

Reference evapotranspiration [ETo] was estimated 
using the Penman–Monteith method, considering its 
ability to jointly integrate the main meteorological 
variables that control the evaporative demand of the 
soil–plant–atmosphere system. Based on these values, 
crop evapotranspiration [ETc] was calculated using 
the methodology established in the FAO guidelines 
(equation [1]), as proposed by Allen et al. (2006), 
which made it possible to obtain estimates adjusted to 
the agroclimatic conditions of the study area.

                      [1]

2.4. Crop coefficient [Kc]

The crop coefficient [Kc] was established based on 
the methodology proposed by the FAO, as described 
by Allen et al. (2006), considering the specific cha-
racteristics of early-cycle native potato varieties, as 
expressed in equation [2].

[2]

The definition of the crop’s phenological stages was 
based on the study conducted by Zamata-Quispe 
(2019), which establishes a total production cycle du-
ration of 105 days, organized into four clearly diffe-
rentiated phenological stages, as described in Table 2.

2.5. Effective rainfall

For the estimation of effective rainfall [ER], precipi-
tation records obtained directly from the automatic 
weather station installed in the study area were used, 
ensuring the spatial representativeness of the climatic 
information used. On this basis, the calculation was 

Table 1. Variables for checking the consistency of meteorological variables.

Control of consistency* Tmax Tmin Tmean Td Vmax.d Vmax.f Vmean

Tmin (day i) < Tmean (day i) < Tmax (day i) X X X

Tmean = (Tmax + Tmin)/2 X X X

Vmean ≤ Vmax X X
* Tmax: Daily maximum temperature, Tmin: Daily minimum temperature, Tmean: Daily average temperature, Td: Dew point, Vmax.d: Direction of 
the daily maximum wind, Vmax.f: Speed of the daily maximum wind, Vmean: Average wind speed.
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performed using the method proposed by the United 
States Department of Agriculture (USDA) equation 
[3], according to Vargas y Escobar (2018), which 
allows quantifying the fraction of total rainfall that is 
effectively usable by the crop.

 [3]

2.6 Irrigation needs

The calculation of irrigation requirements was carried 
out for two crop periods, May–August and Septem-
ber–December, using equation [4] proposed by Fuen-
tes (2002), detailed below:

				         [4]

Where, ER: effective rainfall (mm month⁻¹), ETc: crop 
evapotranspiration (mm month-1).

3. Results

3.1. Evaluation of the data consistency of the 
automatic meteorological station 

3.1.1. Consistency between minimum, medium 
and maximum daily temperatures 

Table 3 indicates that no questionable data were 
found in the internal consistency analysis between 
daily temperatures. Similarly, the correlation analysis 
shows high coherence, thereby reinforcing the quality 
of the recorded data.

3.1.2. Consistency of the maximum, medium and 
minimal wind velocity 

The consistency analysis of maximum, average, and 
minimum wind speed showed no questionable data. 
Likewise, a correlation analysis was also performed 
among the wind speed variables described in Table 
4, for which the correlation coefficient is extremely 
reliable.

3.2. Determination of the evapotranspiration 
and irrigation needs for potato cropping 
in Chuquiribamba

3.2.1. Evapotranspiration potential [ETo]

The monthly reference evapotranspiration [ETo], es-
timated using the Penman-Monteith method, presen-
ted values ranging between 2.22 mm day⁻¹ and 3.00 
mm day⁻¹, with the minimum recorded in June and 
the maximum in October. In contrast, the application 
of the modified Hargreaves method yielded lower ETo 
values, with a range varying from 1.16 mm day⁻¹ to 
1.64 mm day⁻¹ for the same months. The observed di-
fference between the two methods is associated with 
the ability of the Penman-Monteith approach to in-
tegrate a greater number of meteorological variables 
into its formulation, which allows for a more accurate 
representation of the prevailing atmospheric condi-
tions in the study area, where the presence of strong 
winds favors water vapor transport and, consequent-
ly, increases the estimated evapotranspiration rates, as 
shown in Figure 2.

Table 2. Phenological stages for native potatoes.

Phase Days

Initial phase 25

Development phase 30

Flowering phase 30

Tuberization phase 20

Total 105

Source: (Zamata-Quispe, 2019)

Table 3. Pearson correlation coefficient between temperatures.

Variables Coefficient of correlation Interpretation

Tmin – Tmean. 0.99 Very high

Tmin – Tmax. 0.99 Very high

Tmean – Tmax. 0.99 Very high
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3.2.2. Crop coefficient

Figure 3 shows the variation of Kc for early-cycle na-
tive potato, calculated from ETo estimated using the 
Penman-Monteith method, evidencing a behavior as-
sociated with the crop’s phenological stages. In the 
initial stage, Kc presents values close to 0.45, which 
progressively increased during vegetative develop-
ment until reaching approximately 0.75, because of 
increased leaf cover and plant physiological activity. 
The maximum coefficient value is recorded during the 
flowering and tuber formation stage, with a Kc close to 
1.15, associated with a higher water demand derived 
from the processes of tuber growth and filling. Subse-

quently, Kc decreases to values near 0.85, a behavior 
related to leaf senescence and reduced transpiration, 
which reflects a lower water requirement of the crop 
towards the end of the cycle.

3.2.3. Effective rainfall

The average ER values for the period between March 
and December are presented in Figure 4, where mar-
ked variability in their distribution is evident. The 
highest water contribution is recorded in December, 
with a value of 5.72 mm day⁻¹, while the lowest co-
rresponds to August, with 0.33 mm day⁻¹, reflecting 
an irregular availability of water resources throughout 
the analyzed cycle.

Table 4. Pearson correlation coefficient between wind speed.

Variables Coefficient of correlation  Interpretation

V min – V mean 0.98 Very high

V min – V max. 0.97 Very high

V mean - V max. 0.99 Very high

Figure 2. Average potential evapotranspiration in mm day-1.

Figure 3. Kc for early varieties of native potato.
Source: Adapted from Zamata-Quispe, (2019).



7 of 12Jaramillo Condolo et al.

Siembra 13(1) (2026) | e8801 ISSN-e: 2477-8850 

3.2.4. Crop evapotranspiration

Figure 5 shows the dynamics of the ETc of native po-
tato throughout its phenological phases, comparing 
two planting periods corresponding to May–August 
and September–December, where variation in water 
demand is evident depending on the physiological de-
velopment of the crop. During the initial phase, ave-
rage ETc values remain relatively low, with records of 
1.02 mm and 1.27 mm for the May–August and Sep-
tember–December periods, respectively, reflecting 
limited vegetative cover and lower transpiration acti-
vity. In the development phase, ETc presents a mode-
rate increase, reaching average values of 1.42 mm in 
the first period and 1.83 mm in the second, associated 
with the increase in leaf area and metabolic activity 
of the plants.

The highest water requirement is concentrated du-
ring the mid-season stage, corresponding to flowering 
and tuber filling, where ETc reaches average values 
of 2.08 mm for the May–August cycle and 2.87 mm 
for the September–December cycle, evidencing the 
crop’s greatest water demand at this stage. Subse-
quently, in the final stage, ETc shows a relative decrea-
se, with average values of 2.86 mm and 2.21 mm for 
each period, a behavior attributed to the progressive 
senescence of the foliage and the reduction in trans-
piration. 

3.2.5. Irrigation needs

The estimated irrigation requirements for the native 
potato crop, presented in Figure 6, show a progressi-
ve increase in water demand depending on the phe-
nological state of the crop, with marked differences 
between the two planting periods analyzed. In the 
May–August cycle, the average irrigation require-
ment during the initial stage remains at values close 
to 0.49 mm day⁻¹, increasing during the development 
stage to approximately 1.01 mm day⁻¹, then reaching 
higher values in the flowering stage, with an average 
of 1.54 mm day⁻¹, and a maximum of 2.62 mm day⁻¹ 
during the tuberization stage, which translates into a 
maximum accumulated total requirement of 5.66 mm 
day⁻¹. 
In the September–December period, irrigation requi-
rements show consistently higher values throughout 
all phenological phases, starting with an average of 
1.03 mm day⁻¹ in the initial phase and increasing to 
1.47 mm day⁻¹ in the development phase, with the 
maximum requirement recorded during the flowering 
stage, where the average need reaches 2.70 mm day⁻¹, 
followed by a slight reduction in the tuberization sta-
ge, with values close to 1.31 mm day⁻¹. In this period, 
the maximum accumulated irrigation requirement 
was 6.53 mm day⁻¹.

Figure 4. Daily effective rainfall.

Figure 5. Crop evapotranspiration for early varieties of native potatoes.
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4. Discussion

4.1. Analysis of data consistency 

The internal consistency analysis among daily mini-
mum, average, and maximum temperatures described 
in Table 3 revealed no presence of questionable data; 
the observed correlation was positive and highly con-
sistent (0.99), indicating that the temperatures are 
closely related. This agrees with what was noted by 
Lalinde et al. (2018), who mention that a value clo-
se to 1.0 indicates a very strong positive correlation. 
Similarly, Zaninelli et al. (2015) state that the correla-
tion between temperatures is subject to the influence 
of various factors such as geographic location, time of 
year, and the natural variability of the climate.

The consistency between the observed average 
temperature and the calculated average temperature 
was evaluated through the analysis of the 0.99 per-
centile, for which an absolute difference of 0.08 was 
obtained, with no records considered suspicious being 
identified within the analyzed dataset. The values of 
both variables remained within the range established 
by the determined absolute difference, which confir-
ms the internal consistency of the thermal information 
used. According to the criterion proposed by Rusti-
cucci and Barrucand (2003), the 0.99 percentile, equi-
valent to 99.9%, allows verifying the belonging of the 
data to an ordered and homogeneous set. Under this 
approach, those average temperature values whose 
absolute difference between the observed and calcu-
lated series exceeds the 0.999 percentile of the total 
daily differences are considered potentially atypical, a 
criterion widely adopted in meteorological data qua-
lity control processes (Estévez et al., 2011; Veiga et 
al., 2014).

The consistency analysis of daily average wind 
speed and recorded maximum wind speed showed 
no questionable data, and their correlation was very 
strongly positive at 0.99, indicating that both variables 
maintain a strong relationship. This behavior agrees 

with Estévez et al. (2011), who mention that the daily 
average wind speed should be less than or equal to 
the maximum observed on that day. Likewise, Veiga 
et al., (2014) note that any discrepancy may be due to 
errors in anemometer readings or data transmission.

4.2 Evapotranspiration and irrigation needs

The average ETo values calculated using the Pen-
man-Monteith method ranged between 2.20 and 3.00 
mm day⁻¹, which agrees with estimates reported in 
studies conducted in Andean regions where the same 
method and meteorological data from automatic sta-
tions were used, which showed similar ETo ranges 
when complete climatic variables were considered for 
their calculation (Córdova et al., 2015; Vásquez et al., 
2022). This behavior is consistent with evaluations in 
mountain landscapes that underscore the robustness 
of the Penman-Monteith method for estimating eva-
porative demand under diverse climatic conditions, if 
quality meteorological data are available (Córdova et 
al., 2015; Vásquez et al., 2022). In contrast, the ETo 
values derived using the modified Hargreaves me-
thod, with ranges between 1.16 and 1.64 mm day⁻¹, 
were lower than those calculated by Penman-Montei-
th, which reflects the limitations of empirical methods 
that depend solely on temperature data to estimate 
evaporative requirement and tend to underestimate 
ETo compared to methods that integrate multiple cli-
matic variables.

The observed differences between reference eva-
potranspiration values are mainly explained by the es-
timation method used and by the characteristics of the 
climatic information employed. In this regard, Villa-
zón et al. (2021) and Rosales-Rodríguez et al. (2022) 
point out that the Penman-Monteith method, by inte-
grating a greater number of meteorological variables 
such as solar radiation, relative humidity, wind speed, 
and air temperature, provides more accurate estimates 
of evaporative demand, whereas the Hargreaves me-
thod, being fundamentally based on temperature data 

Figure 6. Irrigation requirements for early varieties of native potatoes.
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and extraterrestrial radiation, tends to generate greater 
variability and, in certain contexts, an underestimation 
of evapotranspiration values. Complementarily, Del-
gado-Ramírez et al., (2023), as well as Ortiz and Chile 
(2020), indicate that the dispersion of results is also 
associated with the different sources of climatic infor-
mation used and the temporal length of the analyzed 
records, factors that directly influence the consistency 
and comparability of the estimates obtained.

The Kc values estimated for the different pheno-
logical stages of native potato show a progressive 
increase associated with vegetative development and 
the intensification of the crop’s physiological pro-
cesses, with values of 0.45 in the initial stage, 0.75 
during the development stage, 1.15 in the mid-stage, 
and 0.85 in the final stage, evidencing a higher wa-
ter demand as leaf cover and transpiration increase. 
These results are in close agreement with the values 
reported by Zamata-Quispe et al. (2019), who, using 
tensiometers and Watermark sensors in native pota-
to crops with a vegetative cycle of similar duration, 
obtained crop coefficients ranging between 0.41 and 
0.50 for the initial stage, 0.60 and 0.66 for the de-
velopment stage, 1.12 and 1.18 during the flowering 
stage, and 0.79 and 0.81 during the tuberization sta-
ge, which confirms the consistency of the observed 
patterns when field instrumental methodologies are 
used to estimate crop water demand. The similarity 
between the values obtained in this study and those 
reported in high-Andean regions of Peru is explained 
by the correspondence of the prevailing agroclimatic 
conditions, characterized by high altitudes, moderate 
temperatures, and marked water variability, factors 
that directly influence evapotranspiration dynamics 
and crop phenological development.

The total ETc was determined for a crop cycle of 
early native potato varieties adapted to a 105-day crop 
cycle, resulting in 183.06 mm for the first planting 
period (May–August) and 259.04 mm for the second 
(September–December). These findings differ from 
Rojas (2018), who estimated a higher ETc of 487.45 
mm cycle⁻¹ in Peru, and similarly from López-Oliva-
ri et al, (2022), who obtained similar values between 
370 and 390 mm cycle⁻¹ in Chile. In the present study, 
an increase in ETc was recorded from the initial stage 
to the mid-stage. According to Soto-Bravo and Rodrí-
guez-Ocampo, (2021), this increase in evapotranspi-
ration from the initial stage is due to crop growth; as 
crops grow, their leaf area increases, which tends to 
raise the amount of water that evaporates and trans-
pires. From the perspective of López-Olivari et  al. 
(2022), factors specific to each zone, such as tempe-
rature, humidity, radiation, and crop variety, directly 

influence the determination of ETc.
The estimated irrigation requirements for the na-

tive potato crop in the study area ranged between 
141.17 mm and 177.73 mm per crop cycle, corres-
ponding to the May–August and September–Decem-
ber periods, respectively, values that reflect a water 
demand associated with local agroclimatic conditions 
and the phenological characteristics of the crop. The-
se estimates are lower than those reported by Pacheco 
and Pérez (2010), who indicate that in tropical cli-
mates approximately 273 mm of water is required to 
achieve optimal potato crop development and yield, 
a difference that can be attributed to the thermal, al-
titudinal, and rainfall particularities of each region. 
Similarly, Velásquez et al. (2022) indicate that in in-
ter-Andean zones of Ecuador, located around 3,000 
meters above sea level, the potato crop may demand 
between 600 and 700 mm of water distributed unifor-
mly throughout the vegetative cycle, while Araujo et 
al. (2021) report even higher requirements, ranging 
between 450 and 900 mm from planting to harvest 
in production systems of the Ecuadorian highlands. 
These differences confirm that the water requirements 
of the crop respond directly to the interaction between 
climate regime, altitude, duration of the phenological 
cycle, and the type of plant material used, which ex-
plains the variability observed in different agroecolo-
gical contexts.

5. Conclusions 

Consistency checks of meteorological data provide 
reliable information for the precise estimation of crop 
water requirements, a key aspect for improving irriga-
tion management in areas with irregular topography, 
where the spatial variability of climatic conditions 
can affect water use efficiency.

The variation of crop evapotranspiration throu-
ghout the phenological stages highlights the need to 
schedule irrigation differently according to crop de-
velopment, which helps reduce losses due to runoff 
and percolation on sloping terrain, optimizing water 
resource application.

The implementation of irrigation strategies based 
on local climatic data and water requirements adjus-
ted to the actual conditions of the crop constitutes 
an effective tool for improving irrigation efficiency, 
strengthening productive sustainability, and mini-
mizing the limiting effects of adverse topography in 
agricultural systems of high-Andean zones.
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