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European Regulation No. 1305/2013 - Article 46, point 4 
on support for rural development by the European Agricultural Fund for Rural 
Development (EAFRD-FEADER)

« An investment in an improvement to an existing irrigation installation 
or element of irrigation infrastructure shall be eligible only if it is 
assessed ex ante as offering potential water savings 
of a minimum of between 5% and 25% according to the 
technical parameters of the existing installation or infrastructure »

Starting point of the study

Plot level assessment of irrigation water savings due to localized irrigation systems or soil hydric status probes
Claire SERRA-WITTLING and Bruno MOLLE – IRSTEA – Montpellier (France)

 So far, no methodology in France for such ex ante assessment 
 Need to get references on water savings achieved in order to be 

able to assess achievable savings
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From field trials representative of a wide range of pedo-climatic 
conditions, crops and irrigation systems, conducted in good 
experimental conditions 

 30 years

1989

2018

 25 French sites  Crops

Corn

Other field
crops

Fruits

Vegetables

 Comparison between 
irrigation systems  or 
scheduling methods

Sprinkler 
irrigation

. Hose reel 
machine
. Lateral move
. Center pivot
. Solid set

Scheduling 
without

soil probes

Collecting references of water savings

Localized 
irrigation

. Surface drip

. Subsurface drip

. Micro-sprinkler

Scheduling 
with

soil probes
. Tensiometric 
probes
. Capacitive 
probes
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Record 
No. Year Location Crop Soil

type

Soil
water 

holding 
capacity

Cumulative 
precipi-
tation

(P)

Cumulative 
reference 

evapo-
transpiration 

(ETo)

Amount of 
irrigation 

water 
applied 

with 
system 1

Amount of 
irrigation 

water 
applied 

with 
system 2

Yield
system 

1

Yield
system 

2

1
2
… } }}

Hydric deficit
indicator
(ETo/P)

Water
Saving

(%)

No
yield loss

 TOTAL : 93 records of realized water savings
 70 by switching from sprinkler to localized irrigation
 23 by using soil probes for irrigation scheduling

Database creation
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FRUITS
Water saving (%)

 Irrigation system 2

Irrigation 
system 1

Hose reel
machine

Overhead
irrigation
Solid set 
system

Under 
canopy

irrigation 
Solid set 
system

Under tree
irrigation
Micro-jet

Surface
drip

Sub-
surface 

drip

Hose reel machine 10 %

Overhead irrigation
Solid set system 10 % 10 %

36 - 52 %

31 %

38 - 46 %

38 %

Under canopy irrigation
Micro-jet 15 à 20 % 15 à 20 % 1 % 8 %

Surface drip 15 à 20 %
Subsurface drip 15 à 20 %

Water savings realized by changing irrigation system
Examples
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 High variability of observed water savings (0% to 75%)
 It is not reasonable to generalize values on water savings

 Great influence of climatic conditions
Water savings are lower in dry years, even impossible in very dry years

Water savings realized by changing irrigation system
Results - Influence of hydric deficit 
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 High influence of soil water holding capacity
Water savings are more important in soils with low water holding capacity

 Influence of climatic conditions
For any given WHC, water savings are lower in dry years 

Water savings realized by changing irrigation system
Results - Influence of soil water holding capacity

W
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gs
 (%

) Hydric 
deficit

Soil water holding capacity (mm)
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Water saving (%)

 Type of sensor

Irrigation system Tensiometric 
probes

Capacitive 
probes

Capacitive probe 
+ remote control Dendrometer

Lateral move 35 - 40% 35%

Solid set 20-25% 8%

Tensiometers

20-25 %
Tensiometers + 

dendrometer

50 %
Micro-jet 60 %

Surface drip
20 à 35 %

55 à 90 % 20 %
50-65%

Subsurface drip 25%

Water savings realized by using soil hydric status probes
Examples
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Water savings realized by using soil hydric status probes
Results - Influence of hydric deficit and soil holding capacity

Plot level assessment of irrigation water savings due to localized irrigation systems or soil hydric status probes
Claire SERRA-WITTLING and Bruno MOLLE – IRSTEA – Montpellier (France)

 High variability of observed water savings (8% to 68%)
 It is not reasonable to generalize values on water savings

 No significant influence of climatic conditions
 No significant influence of soil water holding capacity
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Water savings realized by using soil hydric status probes
Results - Influence of soil probe type

 No significant influence soil probe type
 Same water savings with both capacitive and 
tensiometric probes
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probes
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Corn – 2009 – Ain department
Alluvial soil with low water holding capacity (60-80mm)
Comparison hose reel machine / subsurface drip irrigation

 Water saving with subsurface drip, no yield reduction
 Modelling to better understand the origin and the partitioning of water savings

Where do the realized water savings come from?
A study case
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Water savings from improvements of...
Irrigation efficiency

As defined in the "cascade scheme" of Serra-Wittling & Molle 2017
[Invited report for the French Ministry of Agriculture]

Color code

Fraction due to Rain Water

Fraction due to Irrigation Water
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Water savings from improvements of...
Irrigation efficiency

As defined in the "cascade scheme" of Serra-Wittling & Molle 2017
[Invited report for the French Ministry of Agriculture]

Color code

Fraction due to Rain Water

Fraction due to Irrigation Water

Rationale

 Calculation of efficiencies and losses in 5 successive 
stages from irrigation water distribution to crop
transpiration

 Complete mixing of rain water (RW) and irrigation 
water (IW) in soil with time-variable volume fractions 
carried on through the "cascade scheme"

 Challenge for metrology and modelling: quite tricky to 
code but physically sound and yields promising
results
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Leaks from
equipments

Wind drift
Non uniformity

Runoff or 
drainage
Weeds or
excessive 
storage

Evaporation

Water savings from improvements of...
Irrigation efficiency

E=Ed.Ea.Es.Ec.Et=Tpi/Pi

E=[0,1] x ... x [0,1]∈ [0,1]

Examples
E=0.905 = 0.69
E=0.755 = 0.24

Real-life range
Can vary from one 
place to the other
inside the plot

Stage 5

Far from commercial 
talks is not it?
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Leaks from
equipments

Wind drift
Non uniformity

Runoff or 
drainage

Weeds or
excessive 
storage

Evaporation

Water savings from improvements of...
Irrigation efficiency

E=Ed.Ea.Es.Ec.Et=Tpi/Pi
Stage 5

Performance indicators:

Efficiency E=Tpi/Pi mm/mm
Productivity P=Yi/Pi (ton/ha)/mm

Profitability F=Fi(Yi)/Pi (€/ha)/mm 

Need to increase my irrigation water 
efficiency
First by reducing controlable losses
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Leaks from
equipments

Wind drift
Non uniformity

Runoff or 
drainage

Weeds or
excessive 
storage

Evaporation

Water savings from improvements of...
Irrigation efficiency

Need to increase my irrigation water 
efficiency
First by reducing controlable losses
Then by simulation of improvments

Tactical improvements
vs. Tactical losses

Improving irrigation strategy by 
tuning irrigation scenarios  

Generation, analysis & optimization 
of crop irrigation scenarios

Dedicated module that
handles irrigation water 
efficiency
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Water savings from improvements of...
Irrigation efficiency

Efficiency module
Output example 1

Total soil profile reserve from sowing to harvest 
(mm)

"Ahem these irrigations took 
place just before rain events"  

Storage due to irrigation (mm)
Storage due to rainfall water (mm)
Irrigation (mm)
Rainfall (mm)
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Water savings from improvements of...
Irrigation efficiency

Evaporation of irrigation water (mm)
Evaporation of rain water (mm)
Irrigation (mm)
Rain (mm)

Cumulative soil evaporation from sowing to harvest (mm)

Efficiency module
Output example 3

"Some of it is evaporated, some of it
expectedly transpirated"
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Water savings from improvements of...
Irrigation efficiency

Efficiency module
Output example 4

Cumulative crop transpiration from sowing to harvest (mm)

Transpiration of irrigation water (mm)
Transpiration of rain water (mm)
Irrigation (mm)
Rain (mm)

"Seems good as more transpiration than
evaporation occurs AND the pale blue

fraction increases with time "  
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Water savings from improvements of...
Irrigation efficiency

Summary of the key terms in the efficiency cascade scheme

Upstream losses (mm)
Drainage (mm)
Storage of irrigation water in soil (mm)
Evaporation of irrigation water (mm)
Transpiration of irrigation water (mm)
Global efficiency (-)
Irrigation (mm)
Rain (mm)

Efficiency module
Output example 4

Global 
efficiency Tpi/Pi

Upstream losses hurt and irrigation 
storage is so high! 
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Where do the observed water savings come from?
A study case : Corn – 2009 – Ain department

 Better global efficiency for subsurface drip (68% vs 49%)
 Water saving with subsurface drip due to losses reduction by
 Changing irrigation system (technology)
 Improving irrigation management

 Water saving could still be enhanced with subsurface drip by
 Improving irrigation management
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Conclusions

 Water savings realized with localized irrigation system are highly 
dependent on pedo-climatic conditions. In particular, they decrease when the 
hydric deficit increases.

 Water savings realized by scheduling with soil hydric status probes are 
less influenced by pedo-climatic conditions.

 Water savings originate in reduction of losses. They can be achieved not only by 
changing irrigation system, but overall by improving irrigation 
management .

From a climate change perspective, to promote water savings, along 
with investments in water saving equipment , the improvement of 
irrigators’ practices should also be encouraged, in particular irrigation-
scheduling tools.

Plot level assessment of irrigation water savings due to the shift from
sprinkler to localized irrigation systems or to the use of soil hydric status
probes. Application in the French context, Ag.Wat.Mg. 2019
Claire Serra-Wittling, Bruno Molle, Bruno Cheviron, https://doi.org/10.1016/j.agwat.2019.06.017
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Plot level assessment of irrigation water savings due to localized irrigation systems or soil hydric status probes
Claire SERRA-WITTLING and Bruno MOLLE – IRSTEA – Montpellier (France)

Thank you for your attention
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