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DO WE KNOW WHETHER DECISION SUPPORT SYSTEMS FOR
IRRIGATION ARE USEFUL?

SAVONS-NOUS S| LES SYSTEMES D’AIDE A LA DECISION POUR
L’'IRRIGATION SONT UTILES?

Claire Richert!, Frédéric Grelot?, Sophie Martin®, Héléne Tribouillois*

ABSTRACT

Irrigation Decision Support Systems (IDSS) are precision agriculture tools designed to help farmers
schedule irrigation. They are promoted by public policies, for example in France. This article presents
a first overview of the current state of knowledge regarding their usefulness. More specifically, this
study aims to identify the main purpose of IDSS and evaluate the extent to which the existing literature
provides information on the ability of IDSS to meet this purpose. First, studies that claim to evaluate an
IDSS were identified. They all provided a list of purposes for IDSS in their introduction. The most
frequently mentioned purpose was that they should improve water productivity. The studies presenting
a suitable methodology for carrying out a meta-analysis of the effect of IDSS on water productivity and
its 2 components (yield and irrigation volume) were subsequently selected. The ability of IDSS to
improve water productivity as a function of the type of crops, climate, and type of IDSS was also
examined. Using an IDSS improved water productivity for 57% of the cases taken into account,
generally because the irrigation volume was lower, with no negative impact on yield. This value fell to
48% for market gardening crops. No significant effect of the climate and the type of IDSS were found.
Given the low number of data points by study, these results are probably affected by a publication bias
and should be considered as an upper limit of the effect of IDSS on water productivity.

Keywords: Decision support systems; Precision agriculture tools; Yield and irrigation volume; Market
gardening crops; Water productivity.

RESUME

Les systéemes d’aide a la décision pour lirrigation (IDSS) sont des outils d’agriculture de précision
congus pour aider les agriculteurs a programmer lirrigation. lls sont encouragés par les politiques
publiques, notamment en France. Cet article présente un premier apercu de I'état actuel des
connaissances concernant leur utilité. Plus précisément, cette étude vise a déterminer I'objectif
principal des IDSS et a évaluer dans quelle mesure la littérature existante renseigne sur leur capacité
a atteindre cet objectif. Dans un premier temps, les études affirmant évaluer un IDSS ont été
recensées. Elles présentaient toutes, dans leur introduction, une liste des objectifs des IDSS.
L’objectif le plus fréquemment cité était I'amélioration de la productivité de I'eau. Les études
présentant une méthodologie adaptée a la réalisation d’'une méta-analyse de l'effet des IDSS sur la
productivité de I'eau et sur ses deux composantes — le rendement et le volume d’irrigation — ont
ensuite été sélectionnées. La capacité des IDSS a améliorer la productivité de I'eau en fonction du
type de culture, du climat et du type d’IDSS a également été examinée. L'utilisation d’'un IDSS a
ameélioré la productivité de I'eau dans 57 % des cas pris en compte, généralement parce que le
volume d'irrigation était plus faible, sans effet négatif sur le rendement. Cette proportion est tombée a
48 % pour les cultures maraichéres. Aucun effet significatif du climat ni du type d’'IDSS n’a été
observé. Compte tenu du faible nombre de points de données par étude, ces résultats sont
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probablement affectés par un biais de publication et doivent étre considérés comme une limite
supérieure de I'effet des IDSS sur la productivité de I'eau.

Mots clés : Systémes d’aide a la décision; Outils d’agriculture de précision; Rendement et volume
d’irrigation; Cultures maraicheéres; Productivité de I'eau.

Introduction

Water management is a major field of application of precision agriculture, which is defined as “..] a
management strategy that gathers, processes and analyzes temporal, spatial and individual plant and
animal data and combines it with other information to support management decisions according to
estimated variability for improved resource use efficiency, productivity, quality, profitability and
sustainability of agricultural production.” (International Society of Precision Agriculture 2024). Indeed,
among 67 articles reviewed by Bhakta, Phadikar, and Majumder (2019) to describe the present status
of precision agriculture, 26 deal specifically with this topic.

Precision agriculture tools in the domain of water management are generally Irrigation Decision
Support Systems (IDSS), which are presented in the review of Zhang et al. (2021). They aim to
facilitate irrigation scheduling by linking data describing a specific agricultural plot and its evolution to
irrigation-triggering rules. The latter are generally based on soil moisture and/or plant conditions (plant
water conditions or canopy temperature), and determine the timing and/or amount of irrigation events.
Soil moisture and plant conditions can be measured directly by in situ sensors or estimated using
mechanistic or machine learning models. Input data to feed these models can come from a number of
technologies, in addition to in situ sensors: weather stations, satellites, airborne sensors, unmanned
aerial vehicles, or databases that provide gridded weather or soil data.

Public policies have been implemented to foster the development of digital tools in the field of
precision agriculture. Lajoie-O’Malley et al. (2020) analyzed policy documents from 3 major
international organizations: the United Nations Food and Agriculture Organization, the Organization for
Economic Cooperation and Development, and the World Bank. Their analysis reveals that these
organizations present digital and precision agriculture as a promising solution to feed a growing
population while alleviating pressure on ecosystems.

However, evidence to support these hopes in the potential of digital agriculture to benefit both farmers
and the environment remains insufficient. Ingram et al. (2022) asked stakeholders of the digital
agriculture sector in the UK (mainly researchers and representatives of the Agritech industry) to define
the questions that should be a priority for research in this field. They listed 7 themes to explore. One of
them was to understand the benefits and uptake of data and technologies.

The participants highlighted the need to better demonstrate the economic, environmental, and social
benefits of digital agriculture.

This article presents the first overview of existing evidence regarding the usefulness of IDSS, defined
here as their ability to fulfill their purpose. Articles that claim to evaluate an IDSS were systematically
reviewed to identify the purpose that is the most often attributed to these tools and to assess the
extent to which they fulfill it. In Section 3, the process used to identify articles that claim to evaluate an
IDSS is explained. Next, the steps followed to identify the main purpose of IDSS and the outcome of
this process are described. Finally, the methodology used in the meta-analysis is presented. The
results of the meta-analysis are detailed in Section 4 and discussed in Section 5.
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Materials and methods

Method overview

Articles that claimed to evaluate an IDSS were systematically searched for. All authors justified their
work on IDSS in the introductory section of their articles by listing the purposes of IDSS. The analysis
focused on the one most cited. Not all pre-selected articles presented a methodology suitable for
assessing whether an IDSS met this particular purpose: for the meta-analysis, only studies that
reported the data necessary to evaluate the performance of an IDSS in relation to this purpose were
considered. All their results were analyzed together to assess the performance of IDSS in general and
as a function of type of crop, climate, and type of IDSS.

Article identification and selection

The process implemented to select the articles considered in this review is described in Figure 1. The
literature search was conducted in Web of Science and Scopus in December 2025 and the final
database included 71 articles.

Initial request in Web of Science (384 results) and in Scopus (464 results)

In title: irrigat*
in utle, abstract, keywords: decision support and (evaluat* or validat* or assess*)

[ Conference articles removed: 678 results |

l Duplicates removed: 384 results ]

First screening based on the title and abstract: 89 results

The article should deal with an 105S at the plot level
it should be explicit in the abstract that the article evaluates the usefulness of an 1DSS

Second screening based on reading the articies: 63 results

S

2 articles removed because they present an IDSS for the watershed scale

11 articles removed because they do not claim to evaluate the usefulness of an IDSS
(but rather models, or present the features of DSS, or avaluate their acceptance)

3 articles removed because their methodology is unclear or not described

14 articles removed because the full text was not available

3 articles removed because they were not in English

3 articles removed because they presented the same studies as other articles

8 articles added to the selection: 71 results

Cited in previously selected articles
Fill the two inclusion criteria

Figure 1. Process implemented to select the articles included in the review

Identification of the purposes of IDSS

In all the articles included in the corpus, the authors justified their work on IDSS in the introductory
section by explaining the usefulness of IDSS. These introductions were thus analyzed to identify all
the purposes of IDSS they mentioned. The aim of this analysis was to select the most frequently cited
purpose in the corpus to study the extent to which IDSS met it.

Fourteen purposes for IDSS were mentioned (cf. Figure 2). The most frequently cited (61% of the
articles) was that IDSS should help improve water productivity. This label includes claims that IDSS
could be useful to “use water more efficiently” (for instance in Flores Cayuela et al. (2022) and Ale et
al. (2023)), or increase “water use efficiency” (for instance in Adeyemi et al. (2018), Miras-Avalos et al.
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(2019) and Car et al. (2012)) or “water productivity” (for instance in Sui et al. (2020), Teshome et al.
(2023), and Mendes et al. (2024)). The common idea between these different terminologies is that
IDSS should help produce more per unit of irrigation water.

Purpose

save water at farm scale 4
help comply with the law ;
save energy _
Improve or maintain crop quality
save water (scale not specified) =
maintain yield S
reduce environmental impact

reduce labor of cost I

Improve or maintain income
reduce pollution

save water at large scale
Improve yield
cope with scarce water resources

Improve water productivity

T T T T T
0 10 20 30 40 50 60
% of articles that mention each purpose

Figure 2. Purposes of IDSS identified in the introductions of the 60 articles selected associated to the
percentage of articles that mentioned each one of them

Selection of the articles included in the meta-analysis

In the 71 articles included in the corpus, the authors stated to have evaluated the usefulness of an
IDSS (or to have demonstrated that an IDSS was useful). However, not all studies focused on water
productivity. To assess the ability of an IDSS to improve water productivity, it is necessary to compare
the water productivity achieved with and without the IDSS. This requires having access to measures or
estimates of yield and irrigation water volume with and without the IDSS. This was the case for 21 out
of the 71 articles selected. Two of them were excluded because they explicitly defined standard
irrigation doses as a multiple of the doses recommended by the IDSS. Consequently, it did not
represent farmers’ practices.

The articles taken into account in further analyses are the 19 remaining articles that compared both
the yield and irrigation water volumes obtained using an IDSS or using traditional practices. Among
these articles, 17 considered only observed values and 2 (Malik and Dechmi 2019; Roy et al. 2021)
combined observed and estimated values. In these 2 articles, observed irrigation volumes applied by
the farmers were compared to optimal irrigation volumes recommended by the IDSS evaluated. Yields
were then simulated using both scenarios of irrigation.

Data included in the meta-analysis

A data point is made up of the 4 pieces of information needed to assess the effect of an IDSS on water
productivity: the yield obtained without the IDSS, the yield obtained with the IDSS, the irrigation water
volume applied without using the IDSS, the irrigation water volume applied using the IDSS.

These values were provided at the site scale in 17 articles. A site here is an area with a pedoclimatic
context described as homogeneous. In the 2 remaining articles (Malik and Dechmi (2019) and
Dominguez et al. (2023)), data points were provided at a larger scale. Malik and Dechmi (2019)
classified the 13 soil types they studied into 2 groups: shallow and/or high permeability, and low
permeability soils. Data points from their study were available at the level of these groups. Dominguez
et al. (2023) presented values of yield and irrigation water volumes aggregated at country level. A
spatial unit was therefore a group of soil type in Malik and Dechmi (2019), a country in Dominguez et
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al. (2023), and a site in all the other articles.

Each data point was associated to a crop, growing season, IDSS, and spatial unit. In total, the 19
articles provided 97 data points. The number of data points by article is detailed in Figure 3. For each
article, the crops studied and the countries considered are presented in Table 1.

g * 1 crop * 2 seasons * 1 1DSS N Number of evaluation saes

1 site * 1 crop * 1 season * 1 IDSS e Number of data points
Al conr b AL AMOSS

¥wig23
tseogianns2023
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miras2019 - GRsSdsasan + 1 crop * 3 sessons) * 1 1055
millanz020 P *1crop * 2 seadons * 1 1DSS
malik2019 i Sl e kSR ason) * 1108§
5202021 Samt 20 * 1 crop * 1 seagon * 11055
jimenez2020 . ap * 2 seasons * 11055
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oumapoules2014
) 1 s4e * 1 crop * 1 season * 11055
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gallardo2023
dominguez2023
chauhan20i3
carucci2023
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* 1 crop * 2 seasens * 1 1DSS
= CEQP * 2 seasons * 2 1DSS
1 site * 1 crop * 1 season * 11055
* 1crop * 1 seaden * 2 IDSS
e Gl ¥

Figure 3. Number of sites and data points studied by article

Table 1. Description of the articles selected to examine the effect of IDSS on water productivity

Reference Crop Country
Abi Saab et al. (2019) wheat Lebanon
Amini, Emami, and Dehghanisanij sugarbeet, apple, alfalfa, Iran
(2025) wheat
Bhatti et al. (2023) maize, soybean USA
Cahn, Smith, and Melton (2023) broccoli, lettuce USA
Canaj et al. (2021) zucchini Italy
Cao et al. (2026) maize China
Carucci et al. (2023) tomato Italy
Chauhan et al. (2013) peanut Australia
Dominguez et al. (2023) onion, alfalfa, barley, garlic, Spain, Lebanon, Tunisia
maize, oats, potato, wheat
Gallardo et al. (2023) tomato Spain
Goumopoulos, O’Flynn, and Kameas strawberry Ireland
(2014)
Jimenez et al. (2021) maize USA
Liao et al. (2021) tomato China
Malik and Dechmi (2019) barley, wheat, maize, Spain
sunflower, alfalfa
Millan et al. (2020) olive Spain
Miras-Avalos et al. (2019) endive, lettuce, muskmelon, Spain
potato
Roy et al. (2021) grapes India
Tsirogiannis, Malamos, and Baltzoi grapes Greece
(2023)
Xu et al. (2023) pakchoi China

Data analysis
Categories of IDSS effects

The majority of studies included in this analysis did not provide information regarding the uncertainty
of the effect of the IDSS on irrigation water volume and yield.

This uncertainty was at least affected by measurement inaccuracy. Irrigation volumes were generally
measured using flow meters (for example in Abi Saab et al. (2019), Carucci et al. (2023), Dominguez
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et al. (2023)) or water meters (for example in Milldn et al. (2020), Miras-Avalos et al. (2019),
Tsirogiannis, Malamos, and Baltzoi (2023)). The accuracy of these sensors is not perfect: Liao et al.
(2021) reported a 1% accuracy for the ultrasonic flow meter used in their experiment. This accuracy
was likely the one indicated by the constructor and obtained in laboratory conditions, for a new flow
meter, and for the flow rates specified by legal standards. But accuracy is typically not the same in
field conditions and decreases with the flow or water meter age: Arregui et al. (2018) found that the
average error between actual water consumption volumes and volumes indicated by new water
meters for domestic use was actually -4% because their performance is limited at low flow rates. This
average error was between -6 and -9% for water meters that were 6 years old.

Authors who provided information on yield measurement often indicated that it was carried out on a
sample of the entire experimental field (Abi Saab et al. (2019), Carucci et al. (2023), Gallardo et al.
(2023), Millan et al. (2020)). Abi Saab et al. (2019) measured yield on a 1m? surface out of 300m? in
each one of their 3 replicates by treatment. They found a relative standard deviation of yield between
4 and 8% by treatment. Xu et al. (2023) reported relative standard deviation of yield by treatment
between 9 and 10%.

Given the probably low precision of the data extracted from the corpus, numerical values were not
directly analyzed. Instead, data points were grouped into 3 categories to study the effect of IDSS on
irrigation volume, yield, or water productivity: “lower for IDSS”, “no difference”, and “higher for IDSS”.
Irrigation water volume or yield was considered higher (or lower) with the IDSS if it was at least 10%
higher (or lower) than with the farmer’s rules. The underlying assumption was that the actual value of
irrigation water volume or yield could lie anywhere between minus 5% and plus 5% around the
measured value. Consequently, if the difference between 2 measured values was lower than 10%, the
sign of this difference was not necessarily the same as the sign of the difference between the 2 actual
values. In other words, it was assumed that a difference of yield or irrigation water volume lower than
10% could not be identified given the inaccuracy of measurement.

The relative inaccuracy of measurement of irrigation water volume and yield had to be added to obtain
the relative inaccuracy of water productivity (Taylor 1997). Therefore, a relative inaccuracy of 10% for
water productivity was used, which implied that 2 values of water productivity were considered
different if their difference was at least 20% of the water productivity obtained without using an IDSS.

Analysis of IDSS effects

Sankey diagrams were used to visualize how the effects of IDSS on yield, irrigation volume, and water
productivity were related in general.

Then, each data point was associated to a type of crop (field crop, market gardening, or orchards and
grapevine), a climate, and a type of IDSS (with or without sensors). The Kdppen-Geiger climate
classification maps produced by Rubel and Kottek (2010) were used to associate a climate to each
data point. The relationship between each of these variables and the effect of IDSS on water
productivity were analyzed using chi-square tests for independence.

Results

Effect of IDSS on irrigation water volume, yield, and water productivity

Using an IDSS generally did not negatively affect yield (cf. Figure 4. a), which increased for 31% and
remained approximately the same for 66% of the data points. It decreased irrigation water volume for
59% of the data points, did not affect this variable for 25% of the data points, and increased it for 16%
of them. Using an IDSS rarely resulted in both a higher yield and a lower irrigation water volume
(approximately 9% of the data points). It was associated to both a lower irrigation water volume and no
difference in yield for 46% of the data points.

Water productivity rarely decreased when using an IDSS (for 3% of the data points), and it increased
for 57% of the data points (cf. Figure 4. b).
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Figure 4. Sankey diagrams showing the way the repartition of the data points in the 3 categories (lower with an IDSS, no
difference, higher with an IDSS) is related between (a) yield and irrigation water volume, (b) yield and water productivity, (c)
irrigation water volume and water productivity (N = 97). Irrigation water volume and yield were considered lower (or higher)

when using an IDSS if they decreased (or increased) by at least 10%. Water productivity was considered lower (or higher) when
using an IDSS if it decreased (increased) by at least 20%.

Effect of the type of crop, of IDSS evaluated, and climate on IDSS performance

Crops were categorized into market gardening crops, field crops, or orchards and grapevines.
Similarly, climates were simplified into 3 categories: dry, temperate, and continental climate. Besides,
data points that related to an IDSS that relied on sensors were distinguished from those that
concerned an IDSS that was not associated to sensors.

The category of crops was the only tested variable for which the p-value of the chi-square test of
independence was below 0.05. The hypothesis that the effect of IDSS on water productivity was the
same for all crop categories could therefore be rejected. For 48% of the data points that concerned
market gardening crops, using an IDSS improved water productivity. For field crops and orchards and
vineyards, the water productivity obtained when using an IDSS was higher than when usual rules were
applied for 62% and 56% of the data points, respectively.

Discussion
Key findings on IDSS performance from the meta-analysis

According to the data analyzed, IDSS rarely induced a lower yield compared to traditional practices,
but did not generally help increase it either. They led to an increase in water productivity in 57% of the
cases studied. This increase was generally due to a decrease in the volume of irrigation.

Using an IDSS rarely led to both a higher yield and a lower irrigation volume. However, for half of the
data points, using an IDSS was associated to a lower volume of irrigation while yield remained stable.
In these cases, the plots managed according to traditional practices were probably over-irrigated and
the IDSS helped reduce runoff and drainage.

The data analyzed covered a wide range of crops, and all climates except from tropical and polar, for
which IDSS may not be relevant. They also represented all 4 types of irrigation scheduling methods
identified by Gu et al. (2020) in a review, which are methods based on evapotranspiration and water
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balance, on soil moisture or soil matric potential sensors, on plant-water-status-related indices, or on
simulated results from process-based models.

The link between these factors and the effect of IDSS on water productivity could therefore be
investigated. However, given the small number of data points available, the data were grouped into
broad categories to perform statistical analyses. No significant relationship was found between the
effect of IDSS on water productivity and the type of climate or whether or not the IDSS included
sensors, but IDSS improved water productivity more often for field crops than for market gardening
crops.

This could be explained by the fact that market gardeners were already more involved in precision
irrigation practices than farmers growing field crops, and thus had less room for improvement. Indeed,
market gardening crops included in our analysis were all irrigated with drippers or micro-sprinkle
irrigation systems whereas field’s crops were generally irrigated with sprinklers. Drip irrigation is
associated on average to a higher application efficiency than sprinklers: by analyzing the results of
field trials carried out at 25 experimental sites in France, Wittling, Molle, and Cheviron (2023) found
that switching from sprinkler to drip irrigation resulted in water savings of between 5 and 35%.

Since less attention has been devoted to market gardening crops than field crops in the crop
modelling domain (Silva and Giller 2020), another assumption is that crop models could be less
performant for the former than for the latter.

Key learnings for future research on IDSS evaluation
Potential biases in the studies taken into account

The data analyzed came from a small number of studies (19), which each provided a small number of
data points. They were thus likely subject to publication bias.

In addition, in 15 out of the 19 articles of our corpus, at least one of the authors was also involved in
the development of the IDSS, and in 11 out of 17 studies based only on measured data, the IDSS
treatments were conducted by the researchers themselves. In these cases, IDSS could have been
used in conditions more favorable to improving water productivity than when used in real-life
situations. Indeed, as explained by Cahn, Smith, and Melton (2023), following precisely an IDSS
recommendations is not always possible in real-life conditions because workforce may not always be
available to operate the irrigation system exactly when advised by the IDSS. Furthermore, improving
water productivity is not necessarily the goal of farmers, as illustrated by the study of Benouniche et al.
(2014).

Given all these potential biases, the results of the meta-analysis should be treated as an upper limit of
the effect of IDSS on water productivity. These observations also highlight the need for independent
and large-scale on-farm experiments that aim at testing whether IDSS actually help improve water
productivity.

Remaining knowledge gaps

IDSS encompass various technologies and irrigation scheduling rules, and can be used in various
pedoclimatic contexts. Given the small number of data points, only a rough analysis of the link
between these factors and the effect of IDSS on water productivity was conducted.

Current knowledge is thus insufficient to characterize the situations in which adopting an IDSS is likely
to lead to an increase in water productivity. More comparisons between the yield obtained and
irrigation volume applied with or without an IDSS in studies that include several sites are needed to
finely understand the factors that make these tools able to improve water productivity compared to
traditional irrigation practices.
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Besides, in most of the articles included in the corpus, 2 types of information on experimental
conditions are missing to interpret the results. First, estimates of yield and irrigation volume
measurement uncertainty are needed to understand whether differences are attributable to anything
other than measurement error. Secondly, farmers who do not use an IDSS yet can follow different
irrigation strategies. The effect of adopting an IDSS on water productivity depends on their current
irrigation scheduling method. In this meta-analysis, the relationship between this factor and the effect
of IDSS on water productivity could not be analyzed because traditional irrigation practices were
defined in only 9 studies, and with different levels of precision.

Future research should report yield and irrigation water volume measurement inaccuracy and
thoroughly describe the pedoclimatic context and farmers’ usual practices to enable better
identification of the situations in which the use of an IDSS can lead to greater water productivity.

Limitations of the meta-analysis

The results obtained depend on the studies included in the meta-analysis. Yet, some relevant articles
may have been missed because they could not be identified with the criteria used during the literature
search. Moreover, technical institutes and private companies may have performed comparisons
between the yield obtained and irrigation water volume applied with and without using an IDSS,
without publishing the results in peer-reviewed journals.

Conclusion

The most cited purpose of IDSS in the articles reviewed is to increase water productivity. Out of the 71
articles that claimed to evaluate an IDSS, 19 could be included in a meta-analysis to examine the
effect of IDSS on water productivity.

Water productivity was higher when an IDSS was used in 57% of the cases studied, generally
because irrigation volume was reduced while yield remained stable. In market gardening crops, this
proportion fell below 50%.

Two main gaps were identified in the existing literature and should be addressed in future IDSS
evaluations to enable the translation of their findings into practical advice to farmers. First,
measurement inaccuracy of yield and irrigation water volume should be reported. Secondly, traditional
irrigation scheduling rules should be well described.
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