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grown bell peppers located in Varamin, Iran, using the weighing lysimeter based
on water balance. Additionally, the results were compared with the FAO-
Penman-Monteith and Droogers-Allen methods. The crop coefficients were also
estimated for different growth stages of bell peppers, and the findings were
evaluated against previous studies. Results indicated that the total
evapotranspiration during the spring cultivation season for bell pepper and the
reference crop was 3.53 mm/day and 5.58 mm/day, respectively. The annual
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evapotranspiration rate of bell peppers under greenhouse conditions was also
estimated to be 761 mm, equivalent to 7612 m3/ha. The reference
evapotranspiration calculated using the FAO-Penman-Monteith and Droogers-
Allen methods inside the greenhouse was 5.15 mm/day and 4.41 mm/day,
respectively, for the entire growth period. Furthermore, the average crop
coefficients for the initial, middle, and final growth stages were determined as
0.13, 0.87, and 0.6, respectively. The highest and lowest crop coefficients were
observed in the no-fog and no-cover conditions, and in the fog and cover
conditions, respectively. Meanwhile, the average annual yield was 166
tons/hectare in this greenhouse. Given the scarcity of prior studies on
greenhouse-grown bell peppers under hydroponic conditions, the findings of this
research provide a foundation for water conservation, irrigation optimization, and
effective irrigation planning.

1. Introduction

The agricultural sector, as the largest consumer of water in Iran, faces significant challenges due to
increasing cultivated areas, reduced rainfall, and droughts. Greenhouse cultivation offers a high-
efficiency solution by optimizing the use of water and soil resources in controlled environments. These
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systems enable water savings, reduced irrigation losses, and enhanced crop quality. Monitoring crop
water requirements in greenhouses is essential, as it depends on factors such as temperature, humidity,
and plant growth stages. While various models estimate evapotranspiration, precise regional
calculations remain crucial. This study focuses on accurately estimating the water needs of greenhouse-
grown bell peppers to address gaps in existing research and improve irrigation management.

2. Materials and Methods

Hesargoli village, located in Javadabad district, Varamin County, 35 km southeast of Tehran, has an
altitude of 928 meters above sea level and features a warm and dry climate. The fertile lands host
numerous greenhouses, including a target greenhouse for calculating crop coefficients and
evapotranspiration of bell peppers. The greenhouse spans 1 hectare with two separate halls, each
containing 72 hydroponic beds covering 1,386 m2, and uses a drip irrigation system. The hydroponic
medium consists of 3 cm of mineral pumice at the base, followed by a mix of 50% cocopeat, 20% fine
perlite, 20% medium perlite, and 10% coarse perlite. In the year ending summer 2022, the greenhouse
produced 23 tons of bell peppers.

An experimental setup with 13 pots, including 12 for bell peppers and one for grass as a reference plant,
was developed. The bell pepper pots were tested under four conditions: with and without misting and
with and without surface coverings. Daily irrigation was adjusted based on soil field capacity, and
evapotranspiration was measured using a continuous weighing method. The experiment spanned 130
days from March 14, 2023, to July 20, 2023. The water balance equation was used to calculate
evapotranspiration, considering cumulative irrigation inputs and outputs alongside changes in pot
weight.

Additionally, reference evapotranspiration was estimated using FAO Penman-Monteith and Droogers-
Allen methods. Parameters such as temperature, wind speed, solar radiation, and geographic factors
were used to calculate key variables, including net radiation, vapor pressure, and slope of the vapor
pressure curve.

3. Results

In the spring cultivation, daily evapotranspiration (ET) was measured using the weighing method over
130 days, from transplanting seedlings into the greenhouse on 23/12/1401 to 29/04/1402. The total ET
for each treatment (with/without misting and with/without covering) was 268.08, 246.7, 360.83, and
323.56 mm, respectively. Average daily ET was estimated at 2.9, 3.15, 4.25, and 3.81 mm/day. For the
reference crop (sports grass), ET was measured under no-misting and no-covering conditions, yielding
5.58 mm/day. Using the FAO-Penman-Monteith method, reference ET inside and outside the
greenhouse was 5.18 and 5.05 mm/day, respectively, while the Droogers-Allen method estimated 4.41
and 3.61 mm/day.

Results showed that misting reduced ET by preventing water stress, while covering reduced soil
evaporation. The seasonal crop coefficient (Kc) for bell peppers, calculated based on FAO-56
guidelines, was 0.13, 0.87, and 0.6 for initial, mid, and late growth stages, respectively. Lower Kc values
compared to open-field conditions are attributed to reduced ET in greenhouses. Yield performance was
166 t/ha annually, with three harvests totaling 23 tons. Annual water demand was 7612 m3/ha, higher
than the national average (4000-6000 m?®ha). Variations in Kc among studies highlight differences in
climate, greenhouse structure, irrigation, and management practices.

4. Discussion and Conclusion

The main objective of this study was to evaluate the evapotranspiration (ET) of bell peppers in a
greenhouse environment using the water balance method and compare it with empirical approaches.
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The crop coefficient (Kc) was also calculated for different conditions. Average daily ET for the crop
and reference plant, measured using the weighing method, was 3.53 mm/day and 5.58 mm/day,
respectively. Annual ET for the crop was estimated at 4.53 mm/day. These results align with the study
by Macki¢ et al. (2023), which reported ET values for bell peppers ranging from 2.5 to 4.06 mm/day
during summer months.

The FAO-Penman-Monteith and Droogers-Allen methods were used to estimate reference ET, with
results inside and outside the greenhouse of 5.15 mm/day and 5.05 mm/day, and 4.41 mm/day and 3.61
mm/day, respectively. The FAO-Penman-Monteith method showed the highest similarity to the
weighing method, consistent with findings by Abianeh et al. (2011), who identified Penman-based
methods as the most accurate for Iran. Additionally, the results align with Pirie and Pouzan (2019), who
recommended Droogers-Allen for semi-humid climates.

ET and Kc values were lower under misting and covering treatments, highlighting their importance in
reducing water loss and enhancing water use efficiency. These findings are consistent with studies
showing misting reduces ET and improves crop yield. Limitations included the lack of lysimeters and
solar radiation sensors, relying instead on FAO-56 data. Future studies should explore ET under varying
climates and compare empirical and physical models in controlled environments. Calculating ET and
Kc is crucial for sustainable water management, optimizing irrigation, and addressing climate
challenges.
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