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Abstract. Climate change causes a progressive deterioration of natural water supply increasing the need for
irrigation and more rational use of water resources in it as the main mean for ensuring sustainable agriculture.
Here we present the conceptual provisions intended to provide a capability to achieve maximum irrigation effi-
ciency, which generalize our experience in irrigation water management in Ukraine. Main principles that should
be integrated in an efficient decision support system include the use of a narrow high range of maintained mois-
ture content in the root zone of soil; pressure as a criterion of moisture content level; differential, particularly
fractional-order, models of moisture transfer for the prediction of irrigation schedules and rates; several meth-
ods of evapotranspiration assessment to improve the accuracy; remote sensing data to disseminate predictions
to areas not covered by instrumental monitoring tools. The application of these principles support an increase in
crop yields accompanied by irrigation water volumes reduction eliminating water losses for infiltration and the
development of flooding and secondary salinization processes.
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1 Introduction

Climate change, which complicates the conditions for agri-
cultural production in most regions, is particularly signifi-
cant for Ukraine where it is characterized by the fastest (over
0.6 °C in 10 years) increase of average annual air temperature
in Europe (Krakovska et al., 2018).

The cultivation of crops in the Steppe and a large part of
the Forest-steppe zone of Ukraine, which is 2/3 of the total
cropped area, is carried out in the conditions of the signifi-
cant deficit (from 150 to > 450–500 mm, Fig. 1) of climatic
water balance (Romashchenko et al., 2020b) making urgent
the expansion of irrigation.

The solution of this issue is provided by the “Strategy of
Irrigation and Drainage in Ukraine for the period up to 2030”
approved by the Cabinet of Ministers of Ukraine and the
“Action Plan” for its implementation. Fulfilling their tasks

in the aspect of increasing irrigation areas by 1.0–1.2 mil-
lion ha will require the involvement of significant (> 4.0–
4.5 billion m3 considering the data given in Romashchenko
et al., 2020b) additional volumes of water. Given the nega-
tive impact of climate change on the state of usable water
resources, efficient water use is an important condition for
increasing irrigation capacity.

The main components of solving the problem of efficient
water use are the application of water-saving irrigation meth-
ods (varieties of drip irrigation and low-pressure sprinklers)
and decision support systems (DSS) in irrigation manage-
ment (Mainaa et al., 2014).

DSSs in irrigation are tools used in the management of ir-
rigation processes aimed at regulating water supply to plants
according to their needs, which contributes to the increase of
water productivity. They are usually based on biomass accu-
mulation and evapotranspiration models. The most common
approach is grounded on the relationship between seasonal
transpiration of crops under proper water supply and their
biomass (de Wit, 1958).
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Figure 1. Forecast of moisture supply conditions in Ukraine ac-
cording to annual climatic water balance. ∗ source: Romashchenko
et al. (2020b).

Necessary water supply regimes are provided using a va-
riety of methods including an approach based on plant state
assessment (Jones, 2004) and an approach based on the con-
trol of moisture supply to the root layer of soil (Campbell et
al., 1982).

Methodological background of the decisions on the forma-
tion of irrigation regimes determines the level of efficiency
and environmental friendliness of irrigation water usage and
the ways to achieve it when managing irrigation using DSSs.

Thus, the aim of this study is to determine conceptual
foundations of irrigation management using DSSs aimed at
increasing the efficiency and environmental safety of irriga-
tion. The use of these foundations should allow the fullest use
of the potential (the maximum yield under close to optimal
agricultural practices) of varieties and hybrids of crops with
minimal irrigation water use per unit of yield. This should be
accompanied by the minimization of infiltration water losses
and, therefore, the risks of flooding and secondary saliniza-

Figure 2. Core components of the methodology.

tion of irrigated lands. The scheme of core components of the
considered methodology is depicted in Fig. 2.

2 Principles of irrigation appointment

Irrigation should ensure the maintenance of moisture supply
to the root layer of soil throughout the growing season in the
optimal range for the growth and development of crops. Op-
timal one is such a level of moisture supply at which wa-
ter consumption of irrigated crops is equal to or close to
potentially possible under current conditions (Campbell et
al., 1982).

According to the results of most studies, the upper limit of
the optimal moisture supply range (OMSR) should be taken
at the level of field capacity (FC), and the lower limit (pre-
irrigation threshold) is a dynamic indicator that varies de-
pending on the type of crop and its development stage (see,
e.g., Wang et al., 2011). OMSR is an indicator that directly
influences irrigation rate, hence the approach to its determi-
nation needs to be clarified.

The most common methods for determining FC by plots
flooding in field conditions overestimate its value (Ro-
mashchenko et al., 2019) provoking a higher level of soil
moisture during irrigation, causing the formation of easily
mobile moisture, and creating preconditions for irrigation
water losses on infiltrating below the root layer.

Therefore, in Romashchenko et al. (2019) a method for
laboratory determination of FC on soil monoliths was pro-
posed. The values of FC obtained using this technique are
usually a few percent less than the values determined by plots
flooding. So, for practical purposes, we propose to use as the
upper limit of OMSR the values of FC determined by this
method.

Regarding the lower limit of OMSR many experimen-
tal plant-related studies conducted for the specific crop and
growing conditions propose the use of soil moisture values
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in the range from 60 % to 90 % FC (Muromtsev, 2011;
Shatkovskyi et al., 2022). We propose to adhere a different
approach (see, e.g., Shahnazari et al., 2007) that consists of
maintaining moisture supply in the root layer in a narrow
high range (usually above 80 % FC). According to its ra-
tioning this ensures the actual water consumption of crops to
be equal to or close to potentially possible in current weather
conditions.

The most accurate approaches to determining the lower
limit of OMSR are related to the use of the water retention
curves (WRC) and suction pressure as an indicator of mois-
ture supply (Campbell et al., 1982). The use of WRC makes
it possible to consider moisture content in combination with
pore structure and to determine FC in terms of pressure. Fur-
ther, the limits of OMSR are determined also in terms of
pressure through a given range of per cents of FC. As an ad-
ditional constraint on pre-irrigation threshold we propose it
to be determined considering the reservation of soil moisture
in the root layer of soil for at least one day of water consump-
tion at the highest potentially possible level. This constraint
is aimed at protecting plants from water stress in the condi-
tions of rapid change of weather or potential failures in the
application of watering.

Such an approach leads to the reduction of irrigation rates
by 1.5–2.0 times making possible the implementation of en-
vironmentally friendly irrigation. It also contributes to ob-
taining yields close to the maximum possible at other un-
changed elements of agricultural technology thus reducing
the cost of irrigation water to form a unit of yield.

The presented conceptual principles were formed on the
basis of the generalization of the results of long-term re-
search of the authors performed in Ukraine and research data
of other authors.

3 Principles of forecasting soil moisture dynamics

An important component of modern DSSs in irrigation man-
agement is the forecasting of soil moisture dynamics. Cur-
rently, the most used for these purposes is the Richards dif-
ferential equation (Richards, 1931) that describes moisture
transfer in soils with properties independent of scale. To in-
crease modelling accuracy in porous media of fractal struc-
ture, it is proposed to use fractional-differential equations
(Kavvas et al., 2017). Such models can, in particular, be con-
sidered as semi-empirical with the increased number of de-
grees of freedom while identifying their parameters in spe-
cific complex hydrogeological conditions (Romashchenko et
al., 2021).

We also recommend to use equations that describe wa-
ter transfer processes in terms of soil moisture potential and
thus consider the vadose zone within the same hydrodynamic
scheme with groundwater horizons.

Data from direct measurements of moisture level should
be used to determine initial conditions, assess the quality of

forecast, and calibrate the models. It is logical to use also the
indicator of moisture potential and measure it using suction
pressure sensors. The number of measurement points within
a farm is determined according to the need to have at least
one observation point for each “soil-crop” pair and perform
measurements at two or more depths.

The use of moisture potential as an indicator of moisture
supply level is substantiated by the fact that it is a direct indi-
cator that characterizes the force with which soil moisture is
retained in pores and does not depend on soil type. At mois-
ture content level close to pre-irrigation threshold, its small
changes may be accompanied by significant changes in pres-
sure, which leads to higher accuracy in determining the state
of moisture supply by pressure sensors (Degré et al., 2017).

4 Principles of evapotranspiration assessment

The accuracy of evapotranspiration estimates is one of the
determining factors in modelling the state of moisture supply
in the process of irrigation management. On the one hand,
quantifying evapotranspiration intensity and more accurate
modelling of moisture transfer requires integrated models
that take into account soil and atmospheric physics along
with plant physiology (Overgaard et al., 2006). Such mod-
els include the Penman-Monteith, Shuttleworth-Wallace, and
Priestley-Taylor models and have numerous parameters that
are often hard to assess. On the other hand, there is a large
amount of easy to calculate empirical methods, the effec-
tiveness of which is limited by specific agroclimatic condi-
tions. The most used in Ukraine are, in particular, the meth-
ods of Dmytro Shtoyko and Mykola Ivanov (Romashchenko
et al., 2020a).

The problem of determining the accuracy of evapotran-
spiration estimates remains relevant for each specific situa-
tion because under irrigation the maintained moisture ranges
in the root layer of soil significantly influence the avail-
ability of water to plants, changing main factors influencing
evapotranspiration. Thus, a specific empirical model or the
parametrization of a phenomenological model that gives the
best accuracy of pressure dynamics modelling should be de-
termined in each particular case.

As currently no universal method exists for assessing
evapotranspiration, in DSSs in irrigation we recommend
(Romashchenko et al., 2020a) simultaneous usage of the
models with the maximum number of parameters. It could be
the Penman-Monteith model with mandatory determination
of crop coefficients for each specific case (for Ukraine see
Shatkovskyi et al., 2020) and empirical models developed for
specific agroclimatic conditions. Such a combination makes
it possible to more accurately determine evapotranspiration
in the process of changes of crop development stages.

A critical input for the forecast calculations of evapotran-
spiration is weather forecast data. Our experience shows that
with sufficient accuracy for the practice of irrigation manage-

https://doi.org/10.5194/piahs-385-111-2024 Proc. IAHS, 385, 111–115, 2024



114 M. Romashchenko et al.: Conceptual principles of water resources management

ment one can use the average weather forecast data from at
least three of the most common weather information websites
(Kovalchuk et al., 2018) and perform forecasting of irrigation
schedules for up to 5 d.

5 Principles of remote sensing data usage

Another important aspect of modern methods for irrigation
management is the intensive use of remote sensing data.
The combination of hydrological models and remote sens-
ing overcomes many of the shortcomings associated with low
spatial resolution of these models and low temporal reso-
lution of remote sensing data (Droogers and Bastiaanssen,
2002). This combination facilitates detailed spatial and tem-
poral analysis while assessing irrigation efficiency, and can
be used to identify areas where improved irrigation manage-
ment is needed (Santos et al., 2008).

The ability of remote sensing to provide assessment of soil
moisture content (Babaeian et al., 2019; Danylenko and Bo-
haienko, 2020) is highly important. When some fields have
in-field monitoring tools and the other ones not, the usage
of remote sensing allows irrigation management in fields
not covered by monitoring tools using monitoring data from
other fields to calibrate relevant models.

6 Conclusions

Progressive deterioration of natural moisture supply due to
global warming requires the expansion of the use of irriga-
tion as the main technological method for ensuring the sus-
tainability of agriculture in the conditions of climate change.

In these conditions, the highest efficiency and environmen-
tal safety of irrigation is achieved when using for irrigation
management the decision support systems that implement the
above-described conceptual principles.

Based on the results of research carried out by the authors,
the introduction of these principles in the practice of irriga-
tion management in Ukraine ensures yields of irrigated crops
at the level of 85 %–90 % of the potential of their varieties
and hybrids (the maximum yield under close to optimal agri-
cultural practices indicated in the passport of the variety (hy-
brid) in the State register of plant varieties suitable for distri-
bution in Ukraine). It also reduces irrigation costs per unit of
yield and allows conducting irrigation according to environ-
mentally friendly standards minimizing or eliminating irriga-
tion water losses on infiltration along with the development
of flooding and secondary salinization processes.
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