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Abstract

Evapotranspiration as an important component of the hydrologic cycle plays a large role in watershed’s water balance study. Accurate estimation of
evapotranspiration rate is essential for efficient management of irrigation, determination of plants water demand as well as design of irrigation
systems. The aim of the current study is to design and construct a weighing lysimeter to address the need for accurate monitoring of
evapotranspiration. The designed lysimeter in this research contains two concentric cylinders. The internal cylinder is the main container of the
lysimeter and outer cylinder has the role of protection and isolation of the main container from surrounding soil media. The main container is open-
ended from top, but sealed in sidewalls and bottom end, except for orifices at the bottom end to drain the saturation excess water from main container.
The main container was made from 3 mm and 6 mm thick steel sheets for sidewall and bottom, respectively. The inner diameter and depth of the main
container were 45 cm and 60 cm, respectively. After filling with soil, the containers were loaded on relatively precise and cheap loadcells fixed to a
rigid metal framework. An electronic board, which can support four loadcells, was developed for calibration of loadcells and setting up the monitoring
and recording the output signals of loadcells as a text file saved on an external memory card. The board can display the instantaneous weight of
containers and save them at user defined intervals. The results of performance evaluation indicated that the developed lysimeter can measure and
record temporal changes of soil moisture with an acceptable accuracy.

Keywords: Evapotranspiration, Irrigation management, Soil moisture monitoring, Water balance.
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Figure 1. The way of taking undisturbed soil core with
inner container of the lysimeter at two land uses of
alfalfa and wheat

Figure 2. The outer container of lysimeter and metal
foundation to install the loadcell
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Figure 3. Photos of monitoring parts of the designed lysimeter. A) Electronic board; B) A loadcell and C-installed
lysimeters in the field alongside of a rain logger
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Figure 5. Fitted line between daily values of evapotranspiration calculated with Penman-Monteith-FAO and
measured with lysimeter for alfalfa
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measured with lysimeter for alfalfa

Table 1. Statistical criteria of comparing daily values of evapotranspiration calculated with Penman-Monteith-FAO
and measured with lysimeter for alfalfa

Criteria R

Method

RMSE

MBE MAE t R/t

Penman-Monteith-FAO56 0.65

1.645

1.412 1.412 5.546 0.117

Table 2. Statistical criteria of comparing hourly values of evapotranspiration calculated with Penman-Monteith-FAO
and measured with lysimeter for alfalfa

Criteria R?

Method

RMSE

MBE MAE t R/t

Penman-Monteith-FAO56 0.64

0.95

3.52 1.38 4.59 0.13
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Table 3. Validation of lysimeter records for some short duration rainfall events

Date Precipitation duration Precipitation Precipitation Lysimeter weight
(hour) (mm) (kg) change (kg)
3-1-2019 2.5 15.49 2.46 2.25
10-1-2019 6 25.65 4.07 3.42
17-1-2019 5 26.41 4.19 3.62
29-1-2019 12 19.01 3.02 2.72
4-3-2019 7 9.1 1.44 1.27
18-3-2019 15 70.4 11.19 7.55
20-4-2019 3 9.9 1.57 1.44
23-4-2019 2.5 53 0.84 0.63
31-5-2019 4.5 10.1 1.60 1.43
11-8-2019 4.5 8.89 1.41 1.27
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Figure 8. Hourly records of lysimeter weights during 18/11/2018 — 20/09/2019
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Figure 9. Daily records of precipitation and lysimeter weight
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Figure 10. Comparing weights of precipitation and lysimeter moisture content change for some rainfall events
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Table 4. Costs analysis of designing and constructing
the automated weighing lysimeter

-
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Rate Amount
Item ®ial) Y (Rials)

Inner container 3.500.000 2 7.000.000
Outer container 3.000.000 2 6.000.000
Metal foundation for loadcell ~ 3.500.000 2 7.000.000
Loadcell 6.000.000 2 12.000.000
Electronic board 40.000.000 1 40.000.000
Spare parts 5.000.000 - 5.000.000
Total 77.000.000
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