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Abstract

The irrigation planning and Management either at field, water course, sub-canal or main canal level 
requires the information of crop evapotranspiration. The estimation of the crop water requirement 
or crop evapotranspirations requires the information of reference evapotranspiration (ET0) and crop 
coefficient (KC) for different stages of crops. The sizable research has been done to determine the crop 
evapotranspiration (ETC) and crop coefficient (KC) using the Lysimeter instrument. However, a few 
attempts have been done in world on the ETC and KC measurement using the Canopy Chamber. An 
attempt was done to collect the past work relevant to ET0, ETC, Lysimeter and KC. From these reviews, it 
can be said that the Penman- Monteith (PM) equation reveales the most accurate one. Therefore,in this 
research work the well proved Penman-Monteith equation has been used as standard method to compare 
the different empirical methods. The Weighing type Lysimeters has been developed for measurement of 
crop evapotranspiration. However, there are some limitations in using the Lysimeter. The higher initial 
cost, regular maintenance and complex construction of the instrument restricts its use on field-scale. It 
can be used for only single crop in one season. For avoiding such problems, canopy chamber method 
has been developed for measuring crop evapotranspiration. However, very few studies have been 
conducted on development of automatic closed canopy chamber for evapotranspiration measurements. 
Crop coefficient of some important crops is not given in FAO-56 guideline; therefore, it is very necessary 
to develop region specific stage-wise crop coefficient of field crops. The main objective of the paper is to 
provide an overview of recent research in development of closed canopy chamber for evapotranspiration 
measurement. The study done in the areas during the last few years has been reviewed from the national 
and international research works. The application of artificial intelligence in development of automatic 
closed canopy chamber has been also taken into account.

HIGHLIGHTS

mm Accurate estimation of crop evapotranspiration (ETC) is essential for effective irrigation planning and 
management at various levels (field, water course, sub-canal, or main canal). This requires data on 
reference evapotranspiration (ET0) and crop coefficients (KC). 

mm The Penman-Monteith (PM) equation has been identified as the most accurate method for estimating 
crop evapotranspiration and crop coefficients, and it is used as a standard for comparing empirical 
methods. 

mm While the Lysimeter is a reliable tool for measuring ETC, its high cost, maintenance demands, and 
limited use for single crops per season limit its 
application. The canopy chamber method offers 
an alternative, with fewer limitations and the 
potential for broader field use.

mm Many crop coefficients for important crops are 
not included in FAO-56 guidelines, necessitating 
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the development of region-specific, stage-wise crop coefficients to improve irrigation practices and 
crop water requirement estimations.

mm The study highlights the emerging role of artificial intelligence (AI) in automating the closed canopy 
chamber system for evapotranspiration measurement, enhancing accuracy, efficiency, and scalability 
in data collection.

Keywords: Reference Evapotranspiration, Crop Coefficient, Lysimeter, Artificial Intelligence, Automatic 
Closed Canopy chamber, Temperature and Relative Humidity Sensor

Evapotranspiration (ET) plays a crucial role in 
the inter-connected system of soil, plants and the 
atmosphere, serving as a key component of energy 
exchange processes (Chao et al. 2021; Mercedeh 
et al. 2022). The research findings indicate that 
approximately 60% of the world’s terrestrial 
precipitation is reabsorbed into the atmosphere 
through evapotranspiration (Zhang et al. 2018; 
Qiao et al. 2021). The amount of irrigation water is 
estimated based on crop evapotranspiration (ETc) 
for applying irrigation through sub-membrane drip 
irrigation system (Skaggs et al. 2010; Feng et al. 
2018). Therefore, determining ETc, very accurately 
is essential for minimizing water usage during the 
crop’s reproductive stage, enhancing water use 
efficiency (WUE) and promoting the advancement of 
water-efficient agricultural practices. (Liu et al. 2002; 
He et al. 2013). A study has shown that variation 
in plant leaf area has a substantially greater effect 
on evapotranspiration than that of variation in the 
climate and the climatic factors have a stronger 
influence on evapotranspiration indirectly through 
plant cover (Yang et al. 2022).
Evapotranspiration is the process by which water 
is transferred from the land to the atmosphere 
through evaporation from the soil and transpiration 
by plants. It is a critical component of the water 
cycle and an important factor in agricultural water 
management, hydrology, and climate studies. 
Measuring ET accurately is challenging due to 
the need to account for both soil evaporation and 
plant transpiration, which vary with environmental 
conditions and crop types.
Irrigation scheduling is often considered as the 
primary method to enhance water utilization 
efficiency, boost crop yields, improve water 
resource availability and positively impact soil and 
groundwater quality. Alaamer et al. (2023) concluded 
that the measuring crop evapotranspiration (ETc) 
directly is challenging and costly due to the 
expenses associated with instrument development 

and upkeep. As a substitute, the idea of reference 
crop evapotranspiration (ETo) was introduced to 
quantify the atmospheric demand for evaporation. 
(Allen et al. 1998; Pereira et al. 2015).
The Penman-Monteith equation (PM) is widely 
advocated as the standard method for estimating 
reference crop evapotranspiration (ETo) due to its 
robust scientific foundation and global applicability 
without requiring local adjustments (Goyal et 
al. 2023). However, the widespread adoption of 
the Penman-Monteith equation (PM) has been 
constrained, mainly by its reliance on numerous 
meteorological parameters as its inputs.
To take into account this issue, more straightforward 
empirical methods have been devised, utilizing 
readily available meteorological data such as 
radiation (Rn), humidity (RH) and temperature-
based (T) approaches to provide reliable estimates 
of ETo. (Su et al. 2022). Nevertheless, there is 
considerable variability in accuracy among the 
empirical methods for ETo determination, influenced 
by varying data prerequisites and underlying 
theoretical assumptions (Chia et al. 2020; Su et al. 
2022). Additionally, numerous researchers have 
noted that empirical methods exhibit considerable 
variations in accuracy, even when applied with 
identical input variables, due to differences in 
underlying structures and assumptions (Lu et al. 
2023).Several studies have also discovered that 
ETo methods are greatly influenced by empirical 
parameters, which are linked to specific local 
climatic conditions and topographical features. 
(Bashir et al. 2023).
The energy balancing method, Lysimeters, and 
eddy covariance devices are all capable of directly 
measuring reference evapotranspiration. (Li et al. 
2018; Nabavi-Pelesaraei et al. 2021). While lysimeters 
are highly accurate for directly calculating ETo, 
their suitability is hindered by their higher cost, the 
complexity and time required for measurements 
and their limited availability at many locations. 
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(Chia et al. 2020a, 2020b). Using closed canopy 
chambers can help circumvent these issues because 
they are straightforward to construct and easy to 
transport.
By employing canopy chambers, it becomes possible 
to estimate crop evapotranspiration directly, 
without relying on crop coefficients and this method 
can be applied across multiple types of crops 
simultaneously. Transient type chambers are noted 
for their ability to be easily moved within the field, 
facilitated by mounting them on various carriers 
such as farm tractors (Reicosky, 1985), forklifts 
(Dugas et al. 1997), gantries (Meyer et al. 1987) or 
by manual transport (Musgrave and Moss, 1961). 
Nevertheless, in all instances, the requirement for 
human involvement, especially during nighttime, 
imposes significant constraints on monitoring 
efforts.
To address these challenges, the development of 
an automated closed-system chamber is essential. 
Such a system would enable high-frequency 
measurements of both water vapor (H2O) and 
carbon dioxide (CO2) gas exchanges throughout day 
and night. While automated and unattended gas 
exchange monitoring offers distinct advantages, it 
may necessitate reducing the number of replicates 
or sampled locations (Kumar and Rank, 2021). 
Reicosky and Peters (1977) concluded that the 
chamber’s accuracy, speed of measurement, 
portability, and cost-effectiveness make it a valuable 
tool for agricultural research. Reicosky et al. (1983) 
indicated a close agreement between CET and LET 
measurements, suggesting that portable chambers 
provide reliable estimates of ET under field 
conditions.

Results and Discussion
The automatic closed canopy chamber is designed to 
measure ET by enclosing a section of the crop canopy 
in a sealed environment and monitoring the change 
in humidity or other parameters over time. The 
chamber is usually a transparent, closed structure 
placed over a crop canopy. It can automatically open 
and close to measure the ET at different times of the 
day. Sensors inside the chamber track changes in 
humidity, temperature, and other factors to calculate 
ET. Modern chambers are equipped with automated 
systems for opening and closing, data logging, and 
sometimes even remote monitoring. This reduces 

labour and increases the accuracy of measurements 
by allowing continuous monitoring. By enclosing 
a part of the canopy, this method isolates the area 
being measured, reducing the impact of external 
environmental factors and providing a more 
accurate ET measurement. The Automation reduces 
the need for manual intervention, increases the 
frequency of measurements, and allows for more 
comprehensive data collection. These chambers 
are often portable and can be used in various field 
conditions, making them versatile tools for different 
crop types and environments. Farmers can use ET 
data from these chambers to optimize irrigation 
schedules, improving water use efficiency and crop 
yields. Understanding how ET rates change with 
environmental conditions can help researchers 
predict how crops will respond to climate change. 
The data can inform soil and water conservation 
strategies, ensuring sustainable use of resources.

Conclusion
The invention of automatic closed canopy chambers 
represents a significant advancement in the field of 
evapotranspiration measurement. These tools offer 
a balance of accuracy, automation, and practicality, 
making them valuable for both research and practical 
applications in agriculture. Future developments 
will likely focus on improving accessibility and 
integrating advanced technologies to further 
enhance their capabilities. While automated systems 
reduce labour, the initial cost of these chambers 
can be high. The Operating and maintaining the 
system requires technical expertise, which may be 
a barrier in some regions. By improving the ability 
to measure ET accurately, the automatic closed 
canopy chamber plays a crucial role in ensuring the 
efficient use of water resources, which is essential 
for sustainable development in agriculture.
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