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Looking beyond our orchards & vineyards

• On-farm irrigation water use efficiency 
(WUE) requires that most of water 
applied to a farm is used for 
evapotranspiration (ET)

• Deep percolation or surface run-off are 
minimized.

• When considering the whole basin, the 
on-farm inefficiencies are recovered 
downstream or in the aquifer (with 
lower quality)

• Water conservation, at the basin level, 
requires developing strategies for 
reducing the consumptive orchard 
water use



First step for WUE is to precisely know ET

Soil water balance

Single tree transpiration and soil 
evaporation

Energy balance using 
micrometeorological methods

Energy balance using thermal imagery 
taken with a Drone or with satellites

Lysimeters and 
calibrated sap flows

Eddy covariance, 
Surface renewal, Bowen 

ratio

Models METRIC, SEBAL y 
STSEB



Updated Kc values are available

A fully revised FAO 56 Manual will be published very soon



New sensors for checking tree water status

Vanella et al. 2025. Using microtensiometers and other 
on-the-ground and remote sensing tools to determine 
olive trees water status. To be submitted to Scientia 
Horticulturae FruitCrews Special Issue



Models and mega-analysis to predict 
water status and responses to it



Within an orchard/vineyard there 
is variability. Different zones 

could be irrigated differentially

New approaches (precision irrigation)

With high spatial resolution remote sensing is possible to 
characterize the variations in ground cover (GC)



• Monastrell vineyard under VSP

• Sector 1 (≈ 0,9 ha)

• Ground cover estimates obtained from 

UAV flights performed the previous season

Blue area > Yellow area > Red area 

Precision drip irrigation in practice

Technology 
developed by



1,25 m 1,25 m

1,00 m 1,00 m

0,75 m 0,75 m

> More water in the more vigorous zones

< Less water in the less vigorous zones

Same emitters of 3,5 l/h but with different separation among them:

Water application is of 1000 m3/ha in total, but different 

regimes according to different vigour zones 

Precision drip irrigation in practice

Technology 
developed by
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Midday stem water potential
Zone Yield (Kg/vine)

1 (Red) 3.31

2 (Yellow) 3.33

3 (Blue) More 

vigorous)
5.78

Precision drip irrigation in practice

Sector Photosynthesis July 19 (mol/m2*s) Photosynthesis September 07 (mol/m2*s)

Low vigour 15,6b 13,6b

Average vigour 15,5a 15,1a

High Vigour 17,0a 15,1a



Sector Yield

(Tn ha-1)
SST (°Brix) pH

Total acidity

(g L-1) 

IPT 

(mg g-1)

Anthocyanins 

(mg g-1)

2020
Low vigour 7,3 b 23,3 a 3,47 a 6,0 a 2,7 a 1,3 a
Medium

Vigor
7,4 b

22,7 a 3,52 a 5,8 a 2.7 a 1,1 b

High Vigour 12,8 a 21,7 a 3,50 a 6,0 a 2,6 a 1,0 b
2021

Low vigour 13,1 b 23,1 a 3,60 a 4,9 a 3,8 a 1,3 a
Medium

Vigor
10,9 b 23,4 a 3,63 a 5,1 a

3,7 ab 1,3 a
High Vigour 15,6 a 22,4 a 3,61 a 5,2 a 3,5 b 1,2 a

Precision drip irrigation in practice

Yield and its components

• Yield was higher in the more vigorous zones where irrigation volumes were higher
• More research is required to determine the agronomic reasons affecting the observed variations 



Optimum water use efficiency

• By combining all new technologies on-the-
ground and by remote sensing we are able to 
adjust irrigation efficiency even at the sub-farm 
level

• Difficulties are still in the technologies to deliver 
water & nutrients differentially within a farm

• The green water component (soil water holding 
capacity should be also increased). 

• Consumptive water use has to be 
optimized/reduced for water conservation and 
avoiding overexploitation



Avenues for reducing ET

Modifying the environmental conditions

Shading (agro-voltaic)   Caolin application                Canopy management – Row’s orientation



Stomatal regulation

The application of an ABA agonist (iSB09) increases leaf level WUE, but we
do not know at the whole vine level



Reducing soil evaporation – Subsurface drip irrigation

Irrigation applied
(m3/ha)

Yield (kg/tree) WUE (kg/m3)

Traditional drip irrigation 4121 65,4a 6,1

Subsurface drip irrigation 3457 62,1a 7,9 (+29%)



Reducing soil evaporation – Soil mulching

• Soil mulching with pruning waste 
reduced ET by 16-20%

• Plastic mulch reduced ET by 25-29%, but 
it is not an environmental friendly 
practice



Genetic avenue
The role of rootstock in determining water use and vigor in grapevines

2022 2023

Rootstock Pruning 
weight 
(g/vine)

Yield 
(kg/vine)

Pruning 
weight 
(g/vine)

Yield 
(kg/vine)

1103P 575a 3.2a 374a 3.1a

M1 391b 2.5ab 258b 2.0b

M4 455ab 2.2b 273b 1.8b

Rootstocks M1 and M4 have a more 
conservative use of water (but with lower 

yield)



Integrated water management

Reusing treated waste water is an opportunity for irrigation 

Positive aspects

• Circular economy
• Useful for coastal 

areas
• Nutrient loads

+

-Negative aspects

• Seasonal availabilities
• Salinity load. Phytotoxicity
• It is not a free source of 

water
• Re-using treated waste water for irrigation implies that this water is not 

employed for other ecosystem services…
• Desalinating water might create a structural demand



Integrated water management
Using solar energy for extracting water from underground might result in more water extraction and inefficiency

Limits in water consumption and 
abstraction have to be established 

to avoid desertification of 
territories and land degradation



Take home messages

• Technologies and models are available to optimize on-farm water use 
efficiency, but theirs uptake by farmers is still low. Why?

• The new avenues for increasing WUE should consider the on-farm 
variability and adapt irrigation rates to the existing variations. 
Technically possible?

• On-farm water use efficiency does not necessarily imply water savings 
and conservation at the basin level

• In areas with water scarcity, and to avoid overexploitation of resources, 
agronomic strategies to reduce ET should be considered as well

• An integrated and nexus approach is needed if we want to go beyond 
the scientific agronomic research and consider the environmental 
externalities of the irrigation/water management practices 
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