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HIGHLIGHTS

-> This brief reports the results of a systematic
review on the effects of 34 farming
practices on water management in
agriculture (i.e. water use efficiency, water
consumption, soil water retention, water
quality, and nutrient leaching and run-off).

- The analysis identifies 10 farming practices
that are potentially beneficial for reducing
water use quantity and 13 for improving
water quality, with a total of 15 farming
practices that can enhance water
management in agriculture.

INTRODUCTION

Context in Europe

The quantity and quality of water in the EU are facing
major challenges. Agriculture is the largest net water
user in the EU-27, accounting for up to 60 % at the EU
level [1], while the countries most affected by drought
have the largest share of irrigable areas [2]. Although
total water abstraction in the EU decreased by 15 %
from 2000 to 2019, agricultural consumption has not
decreased, and neither has the area affected by water
scarcity [3]. According to the water exploitation index
plus, which compares water use with renewable water
resources, approximately 29 % of the EU’s territory
was affected by water stress during at least one
season in 2019 [3]. Water scarcity conditions happen
in combination with increasing frequency and
magnitude of extreme weather events, such as the
droughts and floods experienced in Europe during
summer 2023 [4][5], and increased abstraction for
irrigated agriculture, tourism and recreational

- The following farming practices have at
least two positive effects: crop residue
management, mulching, cover and catch
crops, buffer strips and small wetlands, soil
amendment with biochar, water-saving
irrigation practices in flooded and non-
flooded lands, grassland management, and
no tillage and reduced tillage.

activities, which happen mostly between July and
September [6]. Southern Europe is the most affected
region, with about 309% of its population living in
areas of permanent water stress and up to 70 % of its
population living in areas of seasonal water stress
during the summer. Moreover, water stress problems
are also increasing in other parts of the continent[7].

In Europe, agricultural activities also degrade the
quality of water through nutrient and pesticide losses
into water [8][9]. Currently, 22 9% of European surface
water bodies and 28% of groundwater are
significantly affected by diffuse pollution from
agriculture [10], and water pollution from nutrients
and pesticides is bound to remain an issue in the
future, despite some improvements.

Climate change will further increase extreme weather
events, entailing a rise in flood-related disasters and
an increase in water scarcity and droughts [11]1[12].
Hydrological projections of climate scenarios show a




trend towards water scarcity, particularly (but not only)
in southern and eastern Europe, which calls for
mitigation actions.

Improved water management is expected in
agriculture, in line with the overall objective of EU
water policy to ensure that all Europeans, economic
sectors and the environment have access to a
sufficient quantity of water of good quality and to
ensure the good status of all water bodies across
Europe (). This has to be done not only by reducing the
use of water for irrigation and improving irrigation
techniques but also by improving soil water retention
through healthy soil and water quality. Improving
water retention in agricultural soil can help reduce
flooding, alleviate drought, reduce soil erosion and
maintain or improve soil fertility. Identifying farming
practices that fulfil these objectives is thus crucial to
inform policymakers and underpin efficient policy
implementation in agriculture.

Scope and methodology

Since 2020, through the integrated Modelling Platform
for Agro-economic Commodity and Policy Analysis
(iMAP) project, the JRC has systematically reviewed
the scientific literature of meta-analyses () on the
effects of 34 farming practices on environment and
climate. The effects on agricultural and animal
production are also included, as they represent
important trade-offs for farmers and society when
applying measures to support the climate and the
environment. In the context of this brief, an impact is
defined as a category of metrics measuring specific
aspects of the environment (e.g. biodiversity, soil
erosion, water use), climate (e.g. greenhouse gas
emissions) and production (e.g. crop yield). Overall,
570 meta-analyses have been reviewed, synthesising
around 30 000 primary articles, and results have been
assessed for 34 impacts. The results of this systematic
review, including definitions of farming practices, are
reported in factsheets available on the iIMAP wiki [13]
and compiled into the iMAP dataset [14]. The impacts
reported in the iIMAP dataset are those for which there
is scientific evidence available in published meta-
analyses, which does not preclude these farming
practices from having other impacts on the
environment and climate that are still not covered by
primary studies or synthesis papers.

The aim of this policy brief is to identify farming
practices that help to reduce water use and improve
water quality while maintaining the same crop type, by
conducting a cross-analysis of the scientific evidence
collected in the iIMAP dataset. Sustainable practices

(Y)  European Water Regulators, ‘The EU water acquis’
(https://www.wareqg.org/european-water-acquis/).

are compared with conventional practices. In this brief,
a conservative approach was applied by reporting only
those farming practices that have a majority of
positive effects on water quantity and quality impacts.
This fast-track method proved to be robust in
identifying the effects of different farming
practices [15]. The impacts considered in this brief are:

e water use efficiency (WUE);

e water consumed by the crop;

e soil water retention;

e water quality.
In addition, indirect impacts on water quality such as
nutrient leaching and run-off were considered; where
relevant, it was examined whether selected practices
also affect crop yield. In the conclusions, the absence
of irrigation (i.e. rainfed systems) is discussed in
comparison with water-saving irrigation practices. In
the ‘Results by impact’ section, some quantitative
values of the effect of the assessed farming practices
are given as examples, without claiming to be
representative of the whole European context.

RESULTS

Overview

By synthesising the effects of 120 meta-analyses,
each including between 4 and 522 individual studies,
on the selected impacts, scientific evidence was found
that 15 of the 34 farming practices reviewed can
reduce the quantity of water consumed by the crops
or reduce water pollution (see Table 1). The 54 meta-
analyses cited in the ‘Results by impact’ section are
reported in the Annex.

Out of 15 farming practices, 10 can reduce the
amount of water consumed by crops by increasing the
WUE, reducing the amount of water either supplied for
irrigation or consumed by the crop, and increasing soil
water retention. These farming practices are
agroforestry, cover crops, crop residue management,
organic amendments in grasslands, terraces,
mulching, no tillage and reduced tillage, and soil
amendment with biochar. These farming practices not
only include water-saving irrigation practices but also
encompass systems or practices that improve the soil
chemical-physical and biological qualities related to
soil water management.

Furthermore, 13 out of the 15 farming practices can
help reduce water pollution and therefore improve
water quality. These farming practices act as a
filtering system and/or reduce leaching and run-off of

(®) A meta-analysis is the systematic statistical synthesis of the results
of many independent individual experiments.



nutrients. They are cover crops, crop residue amendment with biochar, wetland creation or
management, the use of enhanced-efficiency restoration, and water-saving irrigation practices in
fertilisers (EEF) in grassland, landscape features flooded and non-flooded land.

(buffer strips and small wetlands), mulching, soil

Table 1. Farming practices with a positive effect on water quantity and water quality (marked in blue), based on
the systematic review of meta-analyses

Water quantity Water quality

Farming practice

Agroforestry systems
Cover and catch crops

Crop residue management

Enhanced-efficiency fertilisers

Grassland management

Landscape features (buffer strips and small wetlands)
Low-ammonia-emission techniques for mineral fertilisers
Mulching I R
No tillage and reduced tillage ]
Organic farming systems

Organic fertilisation

Soil amendment with biochar I ]
Wetland conservation and restoration I
Water-saving irrigation practices in flooded lands ]
Water-saving irrigation practices in non-flooded lands _—

Water use Water Soil water Water Nut-rlent
. . . . . leaching and
efficiency |consumption| retention quality run-off

RESULTS BY IMPACT film and straw is very effective, as demonstrated

globally and including data from Europe, with
Which farming practices can increase crop increases in WUE ranging from 20% to
water use efficiency? 60 % [M5] [M6] [M7][M8]. Mulching is often used

in combination with water-saving irrigation
practices, including drip irrigation systems, to
further increase WUE. In China, mulching is also
reported to be used in rainfed agriculture (32-
64 % increase in WUE) [M9]. However, mulching
with plastic film is also responsible for plastic
residue in the soil [M10], which can be avoided
using biodegradable film.

e Soil amendment with biochar (from <20 tha™

Box 1. Water use efficiency

WUE is a measure of the amount of biomass
produced per unit of water used by a crop [16]. A
higher value of WUE indicates higher efficiency,
with a higher quantity of biomass harvested per
unit of water used by the crop. Several factors
influence WUE, such as crop type, irrigation
amount, method and timing, soil type and

climate.

to >30tha™) significantly increases WUE, with
e Cover crops, mainly legumes, can increase the values ranging from 19% to 27 % [M11][M12],

WUE of the subsequent cash crop by 5.0 % compared with no amendment.
compared with no cover crop (fallow) [M1] (3). e Water-saving irrigation practices in flooded
e Incorporation of crop residue into the soil or rice cultivation include intermittent irrigation and
retention of crop residue on the soil increases WUE alternating wet and dry periods, which significantly
in rainfed cereals[M2], but also in irrigated increase  WUE  compared ~ with  continuous

flooding [M13]. None of the reviewed synthesis
papers, however, includes studies conducted in
Europe.

maize [M3]. The same result is reported for many
other crops on a global scale [M4].

e In general, mulching significantly increases WUE.
In particular, mulching with plastic/biodegradable

(®)  This code refers to the meta-analyses listed in the Annex.



Water-saving irrigation practices in non-
flooded lands include aerated irrigation,
deficit irrigation, partial root zone drying and
optimised irrigation period. These practices
generally increase WUE compared with non-
water-saving irrigation practices (full irrigation).
Deficit irrigation is by far the most commonly
reported technique with positive effects in annual
crops (e.g. maize, wheat, legumes, vegetables) and
perennial crops (e.qg. fruit trees). Increases in WUE
range from 5 % to 9 % [M14] [M15].

Water-saving irrigation practices in non-
flooded lands, including drip and intermittent
irrigation, significantly reduce irrigation volumes
compared with irrigation
management in maize in China[M3]. Optimised

conventional

irrigation rates reduce the volume of irrigation
water without causing yield losses compared with
conventional irrigation rates in wheat in
China [M171].

Which farming practices can increase soil
water retention?
Which farming practices can reduce the

quantity of water consumed by crops? Box 3. Soil water retention

Box 2. Water consumption

A farming practice reducing the quantity of water
consumed by the crop decreases the water
volume required from irrigation, rainfall and soil
storage. Several factors influence water
consumed by the crop, such as crop type, soil type
and climate.

Incorporating crop residue, in this case
straw, into soil significantly reduces water
consumption and increases the yield of irrigated
maize compared with residue removal, as reported
for China [M3].

Overall, plastic film mulching reduces water
consumption. Indeed, plastic mulching
significantly improves WUE by markedly
increasing  yield while reducing  water
consumption [M3]. However, as reported above,
this involves the use of plastic and the risk of
increasing plastic residue in the soil [M10].

In rice systems, reduced tillage and no tillage,
combined with direct seeding in dry conditions,
have lower water use than conventional intensive
wet tillage (puddling) and
transplanting [M161].

manual

Water-saving irrigation practices in paddy
rice, including intermittent irrigation, alternating
wet and dry periods, and limited flooding, reduce
the volume of irrigation water compared with
continuous flooding [M13]. The reviewed synthesis
papers include only studies conducted in China.

A farming practice increasing soil water retention
enhances the capacity of the soil to retain or
store water. Several factors influence soil water
retention, mainly the degree of
porosity/compaction of the soil, the organic
matter content and the soil type.

Agroforestry practices significantly improve
soil water retention (12 %) compared with crop
monocultures [M18].

Retention of crop residue such as straw
increases soil water retention from 10 9% to 14 %
compared with crop residue
removal [M4][M19][M20].

Organic amendments in grasslands increase
soil water retention by 11 % in arid, semi-arid and
Mediterranean climates compared with no organic
amendments [M21].

Terraces improve soil water retention in
grassland (28 %) and cropland (14 %) compared
with slopes without terraces in China [M22].

There is strong evidence that mulching (with
plastic film or straw) increases soil water
retention, both before sowing (fallow) and during
the growing season in arable crops, compared with
no mulching [M8]1[M23]1[M24]. This is particularly
relevant in rainfed agriculture, as plastic mulching
results in increased precipitation storage in the
deep soil layer during the non-growing season,
which appears to fully offset the additional water
loss due to increased evapotranspiration as a
result of higher soil moisture and soil
temperature [M9].



No tillage increases soil water retention in
cropping systems by 6 9% to 16 % compared with
conventional tillage [M25][M26]. Greater soil
water retention in no-tillage systems is associated
with better soil physical properties, such as
increased soil aggregate size and stability.

Soil amendment with biochar significantly
increases soil water retention, compared with no
amendment. The increase in soil water retention is
directly related to the improvement in soil
biophysical properties [M27][M28]. The effect of
biochar on soil water content may depend on soil
type, with greater effect on coarse-textured
soil [M29].

Which farming practices can reduce water

pollution and improve water quality?

Box 4. Water pollution from
agricultural activities

Water pollution can be reduced/avoided by
farming practices that prevent or reduce the
amount of agricultural chemicals, including
nitrogen, phosphorus, heavy metals and
pesticides, entering the water bodies. Several
factors influence the reduction of water pollution
such as crop type, soil type, fertilisation rate and
timing, cover crop species, buffer strip width,
annual rainfall, slope gradient and water
management.

Non-leguminous cover crops significantly reduce
nutrient leaching and run-off compared with no
cover crops, for both arable [M30][M31][M32] and
perennial crops [M33].

Non-leguminous cover crops can reduce nitrogen
leaching by around 50 %, while leguminous cover
crops have no effect [M32] [M34] [M35].

Crop residue retention reduces nitrogen
leaching and run-off in arable crops, including
paddy rice, by 8-39 % [M4] [M36]. However, crop
residue retention in paddy rice has a negative
effect on methane emissions.

The use of EEF reduces the leaching of nitrates
from controlled-release fertilisers (- 42 %) and
fertilisers amended with nitrification inhibitors
(= 45 %) in arable crops and grasslands [M371].

The use of EEF, including nitrification inhibitors
and urease inhibitors, in grassland management
leads to a significant reduction in nitrate leaching,
ranging from 13 % to 58 % reduction, depending
on the type of inhibitor [M38].

Several landscape features, such as buffer
strips, ditches and ponds, field margins,
hedgerows and small wetlands, can reduce
nutrient leaching and run-off and thus, indirectly,
improve water quality. Buffer strips can reduce
nitrogen and phosphorus leaching and run-off
compared with cropland or grassland without
buffer strips [M39] [M40]. Nitrogen and
phosphorus interception by field margins and
hedgerows is more than 70 9% [M41]. Ditches
and ponds effectively reduce total nitrogen
losses, with an overall removal rate of about 40 %
and higher values for vegetated water bodies and
non-concrete ditches [M42]. Small wetlands,
including constructed wetlands, significantly
reduce annual nitrate loads by an average of 41 %
and phosphorus loads by 33 9% [M43]. Buffer
strips and small wetlands are effective risk
mitigation techniques for reducing pesticide
exposure in downstream surface
water [M40] [M44]. However, their performance
varies depending on their physical and
hydrological characteristics and on the properties
of the pesticides entering these systems.

Among the low-ammonia-emission techniques
for mineral fertilisers, deep versus superficial
placement and split versus single application can
reduce nitrogen run-off by 15% and 36 %,
respectively, in cereals in China [M45].

Mulching reduces nitrogen losses through run-off
by 39 % in permanent (tree) crops [M34].

All types of organic farming systems (arable
and mixed) can reduce nitrogen losses compared
with conventional systems, but they have no effect
on phosphorus losses [M46].

Replacing mineral fertiliser with organic
fertiliser reduces nitrogen leaching and run-off
by 27 % in maize systems on a global scale [M471].
Soil amendment with biochar reduces nitrogen
leaching by 13-26 %, depending on the feedstock
source (woody or grassy) of biochar and the dose
applied [M48] [M49].



e Several water-saving irrigation practices are
reported to reduce nitrogen run-off and leaching
in flooded land compared with continuous
flooding, contributing towards an optimal water—
nitrogen management mode in rice fields.
Alternating wet and dry irrigation reduces nitrogen
run-off and leaching losses from paddy fields by
339% and 14 9% [M50]. Nitrogen leaching losses
from paddy fields are also reduced by 49 % under
controlled irrigation. Moist irrigation and thin and
wet irrigation reduce nitrogen run-off losses by
66 % and 35 %, respectively [M50].

e Many water-saving irrigation practices have
been reported to be effective in reducing nitrate
leaching and run-off in non-flooded land (20-
309%), such as reduced water management in
vegetable cultivation in both open-field and
greenhouse conditions in China[M31]. All
improved water management practices, such as
improved irrigation scheduling or techniques
and deficit irrigation, can reduce nitrate leaching
compared with irrigation in line with crop needs in
cereals and vegetables, according to a meta-
analysis on a global scale, including data from
Europe [M51].

o Restoring or creating wetlands, including small
wetlands (considered here as landscape features),
reduces nutrient leaching and run-off compared
with degraded or non-existent wetlands,
respectively [M43][M52].

CONCLUSIONS

There is robust scientific evidence that some farming
practices (10 assessed here) can reduce the
quantity of water used by crops by increasing WUE
or reducing water consumption and by increasing soil
water retention. There are also farming practices (13
assessed here) that can help reduce water pollution,
particularly from nutrient losses, and therefore may
improve water quality.

Out of a total of 15 farming practices, 2 — namely crop
residue management and mulching, preferably with
biodegradable film to avoid plastic pollution of soil and
water — are outlined to have positive effects on 4 out
of the 5 impacts considered in this brief. Additionally,

5 farming practices — cover crops, landscape features
(buffer strips and small wetlands), soil amendment
with biochar, and several of the water-saving practices
for flooded and non-flooded land - have positive
effects on 3 out of the 5 impacts.

Grassland management and reduced tillage / no tillage
have positive effects on 2 out of 5 considered impacts,
while EEF, low-ammonia-emission techniques, organic
fertilisation and organic farming systems have
positive effects on 1 impact, that is, nutrient leaching
and run-off. Wetland conservation/restoration has 1
positive effect on water quality.

No irrigation leads to an obvious direct reduction of
water use, but this technique cannot be recommended
on its own without other adaptation strategies, such
as switching to more drought-resilient or less water-
demanding crops, because it may lead to a significant
decrease in crop yield [M53] [M54].

The scientific evidence supporting these findings
comes from experiments carried out in different parts
of the world, not always including the EU. In particular,
the results of water-saving practices in flooded rice
fields and mulching come mainly from China. These
results have been included because similar conditions
to those in Europe (e.g. arid areas) may occur there.
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FURTHER READING
e European Commission, iMAP wiki (https://wikis.ec.europa.eu/display/IMAP/IMAP+Home+page).
e Water scarcity:

o European Commission, ‘Water scarcity and droughts’ (https://environment.ec.europa.eu/topics/water/water-scarcity-and-
droughts en).

o European Commission, Joint Research Centre, De Roo, A, Bisselink, B. and Trichakis, |, Water-energy-food-ecosystems pathways
towards reducing water scarcity in Europe — Analysis using the water exploitation index plus, Publications Office of the European
Union, Luxembourg, 2023, doi:10.2760/478498 (https://data.europa.eu/doi/10.2760/478498).

e Water and climate:

o European Commission, Joint Research Centre, Bisselink, B, Bernhard, J., Gelati, E., et al., Climate Change and Europe’s Water
Resources, Publications Office of the European Union, Luxembourg, 2020, doi:10.2760/15553 (https://joint-research-
centre.ec.europa.eu/system/files/2020-05/pesetaiv_task 10 water final report.pdf).

o European Environment Agency, European Climate Risk Assessment, EEA Report No 01/2024, Publications Office of the European
Union, Luxembourg, 2024, doi:10.2800/204249_(https://www.eea.europa.eu/publications/european-climate-risk-assessment).

FARMING - Biochar is charcoal that is produced by the thermal decomposition of biomass at elevated temperatures in the
absence of oxygen. It is used to store carbon while improving soil functions.
PRACTICE : ) ) : i
- Cover crops are grown to provide vegetative cover between rows of main crops in orchards and vineyards, or
DEFINITIONS in the period between two main arable crops, to prevent erosion and minimise the risk of surface run-off by

improving the infiltration. They may also function as catch crops, which scavenge the remaining nitrogen after
the main crop is harvested, thereby reducing nutrient losses from leaching.

- Landscape features are small fragments of natural or semi-natural vegetation in an agricultural landscape
that provide ecosystem services and support for biodiversity, such as hedgerows, ponds, ditches, small wetlands,
trees in rows, in groups or isolated, field margins, buffer strips, terraces, dry stone or earth walls, individual
monumental trees, water streams, springs or historic canal networks. A buffer strip is an area of land maintained
in permanent vegetation at the margin of a field, arable land or a watercourse. Small wetlands are small,
transiently flooded surface depressions covered with wetland vegetation and embedded in an agricultural
landscape. This class includes the remnants of historic wetlands or freshwater ecosystems and constructed
wetlands.

- Mulching is defined as the application of various cover materials to the soil surface, primarily to minimise
moisture loss and weed growth and to increase crop yield. The most common mulching materials used in
commercial agricultural systems are plastic film, biodegradable film and straw. Living mulch is not included
here.

- Deficit irrigation is an optimisation strategy in which irrigation is applied during the drought-sensitive growth
stages of a crop.

- Nitrification inhibitors are substances that, in combination with fertilisers, delay the bacterial oxidation of
ammonium to nitrite for a certain period by suppressing the microbial activity. In this way, mineral nitrogen is
retained as ammonium, which is less prone to leaching than nitrate, and which cannot be lost to the atmosphere
by denitrification.

- Urease inhibitors are substances that can be added to nitrogen fertilisers (both organic and mineral, excluding
nitrate-containing mineral fertilisers) to delay the hydrolysis of urea into ammonium by blocking the urease-
binding sites.
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