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“Efficient use of water in fruit crops”

Goals:

* To produce the reasonable maximum (quantity and
quality)

* Use as little water as possible to ensure viable
production.
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“Efficient use of water in fruit crops”

Indispensable:

+ To know the patterns of water in the soil and the plant.
* Very precise irrigation management.
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“Efficient use of water in fruit crops”

Indispensable:

* To know the patterns of water in the soil and the plant.
» Very precise irrigation management.

« System

+ Strategy
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“Efficient use of water in fruit crops”

Indispensable:

+ To know the patterns of water in the soil and the plant.
« Very precise irrigation management.

- System

« Strategy
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“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”

i

¢ We know where we locate water
in the soil of our crops?
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“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”

Biomass Production = f (Transpired Water)
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“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”
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‘ Fig. 1. Relationship between whole canopy photosynthesis and transpiration for 2
peach tree architectures in 2008-2010 at Kearneysville, WV.
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“Efficient use of water in fruit crops”
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Runoff

“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”
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Fig. 5. Relationship between water stress integral during the deficit irrigation period
(Sl/b = Z;j)‘/bf.fﬂ #n) and index of cell cross-sectional area (100xactual value/highest value).
Solid circles represent the end of Stage 1, open triangles represent harvest. Each point represents the
average values of both parameters for one tree.

(Marsal et al., 2000)
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“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”
PLANT SENSITIVITY TO WATER DEFICIT

(Hsiao, 1981)
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“Efficient use of water in fruit crops”

Indispensable:

« To know the patterns of water in the soil and the plant.
* Very precise irrigation management.

- System

« Strategy
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“Efficient use of water in fruit crops”

Indispensable:

« To know the patterns of water in the soil and the plant.
* Very precise irrigation management.

« System

« Strategy
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“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”
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“Efficient use of water in fruit crops”

Indispensable:

« To know the patterns of water in the soil and the plant.
* Very precise irrigation management.

- System

« Strategy
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“Efficient use of water in fruit crops”

Indispensable:

« To know the patterns of water in the soil and the plant.
* Very precise irrigation management.
- System
+ Strategy
*  Full Irrigation
» Deficit Irrigation
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ETc=ETo x

[ ©JGirona/IRTA(2023) ]
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TABLE 2 Apple orchard water requirements, based on an orchard planted at 4 x 1.6 m, trained with a central
leader and with a ground cover about 45-50 percent and tree helghits > 3.5 m. Located In Mollerussa
(Llelda, Spain). ET, values used are the average dally data from the last 8 years (2002-2009).

FULL IRRIGATION MODERATE RDI SEVERE RDI

K i K 3 K o
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\
FIGURE 7 Effect of midday light interception of apples on their K. values - data from a welghing
E l c = E l o x lysimeter study of commercial size trees within an orchard In Mollerussa {Llelda, Spain)
{Glrona ot al., 2011).

12 -

y=0.2e 10
R2 = 0.8947

T T T 1
30 40 50 &0

Average midday light Interception (%) (Girona et al,, 2011)

[ ©JGirona/IRTA(2023) ]

39

¥ 9
. IRTA s 229

20



28/02/2024

Crop Evapo-
Transpiration

ETC - f (R intercepted by the trees)
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Intercepted Radiation
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Intercepted Radiation
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FIGURE 7  Effect of midday light Interception of apples on thelr K, values - data from a welghing
Iysimeter study of commerclal size trees within an orchard In Mollerussa (Llelda, Spain)
(Girona et ai,, 2011).
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ETc=ETo x Kc
NR=ETc- P
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ETc=ETo x Kc

NR=ETc - P
Irrig = NR / IR ¢
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[ ©JGirona/IRTA(2023) ]

ETc=ETo

Fig. 5 Mature peach tree crop
coefficients (K) as a function of
the proportion of available light
intercepted by the canopy at
mid-day. Equation of the
regression line is
¥=1.59x+0.082, R*=0.86
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(Ayars et al., 2003)
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ETc=ETo x Kc

Fig. 5 Mature peach tree crop 1% g 3 . ===
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‘Auto:;atic l:rrigation schedul;:ng
(Case'Study) .
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(Casadesus et al., 2011)
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Automatic irrigation scheduling
(Case Study)

(Casadesus et al., 2011)
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Automatic irrigation scheduling
(Case Study)

Incident Radiation (Ing,,)

East

Grown Radiation (G, (CasadesUs et al., 2011)
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Automatic irrigation scheduling
(Case Study)

Incident Radiation (Ing,,)

Irad = |r'rad' Grad
East

Grown Radiation (g (Casadesus et al., 2011)

¥ 5
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Automatic irrigation scheduling
(Case Study)

Incident Radiation (Ing,,)

Irad = |l"rad' Grad

W =Kg * lraq

(Auzmendi et al., 2011)

East

W = Irrigation water to be applied (mm/dia) Grown Radation (G,
K, = Coefficient (1/ MJ)

(Casadesus et al., 2011)
I..4= Intercepted Radiation (MJ)

i ceeene — JRTA®
#llE de Catalunya

[ ©JGirona/IRTA(2023) ]

SASTa %
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;;dutomatic irfigation schedlifg ’ R
; (Case Stidy)
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IR G
Irrigation Treatments

Irad based = f(ETO’ Irad)

s AWB=F(ETcyY, ) |

(Casadesus et al., 2011)
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' Automatlc lrngatlon schédulmg
: (CaseStudy)

Irrigation, mm

day of year

(Casadesus et al., 2011)
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Automatlc irrigatlon schédulmg
: (Case Study)

Irrigation, mm

210
day of year

(Casadesus et al., 2011)
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Automatlc lrngatlon schédulmg
: (Case Study)

Stem water potential, MPa

210 240
dayof year

(Casadesus et al., 2011)
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Automatlc irrigatlon schédulmg
: (Case Study) _
LN 2

Irrigation Irrigation Applied Yield Fruit Weight Fruit Load
Treatment Water (mm) (tha) (@) (fruits/tree)

Irad pased 606
WB pased 615
Irad pased 703
WB pased 748

(CasadestUs et al., 2011)
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Transpiration

Controlling Soil Water Status

Tensiometer
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Controlling Plant

Water Status . .
Controlling Soil Water Status
=23
Plant Water = Tensiometer
Potential e |
_ to
: Eg: raea';llitf::w IRTAIg [ ©JGirona/IRTA(2023) |
67
Controlling Plant
Water Status . .
Controlling Soil Water Status

Tensiometer

| Plant Water id
| Potential e |
|

Soil Sensors
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Determination of Leaf Water Potential (¥,)

Specimen Holder

Test Gauge

Compressed gas
Cylinder

~

Metering Valve
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Specimen Test
Holder Gauge
Pressure

Vessel

Compressed
Gas Cylinder s
(Model 3005
only)

Pressure
Regulator
(Model 3005
only)

Fig. 2 - Plam Water Status Console (Model 3005 shown)
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Determination of Leaf Water Potential (¥,)

Specimen Holder

Test Gauge

Compressed gas
Cylinder

~

Metering Valve
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Determination of Leaf Water Potential (\¥,)

7

Specimen Holder §
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Compressed gas
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Metering Valve
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Controlling Plant
Water Status

Controlling Soil Water Status

= Plant Water Tensiometer

! Potential : e

. ¥ g
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Almond tree physiological response to different climatic
scenarios, water availability and productive load.
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“Efficient use of water in fruit crops”

Indispensable:

« To know the patterns of water in the soil and the plant.
* Very precise irrigation management.
- System
« Strategy
* Full lrrigation
+ Deficit Irrigation
Mg, IRTA’ e

“Efficient use of water in fruit crops”

- Deficitirrigation: Applying less irrigation water than

the crop needs

Applying less irrigation water than the crop needs, but
at the moments in the annual cycle when the crop is
less sensitive to water stress

[ ©JGirona/lRTA(2023) ]
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ALMOND ANNUAL CYCLE

(Girona et al., 1992; UC Almond Production Manual, 1996)

Kernel Lenght
=---£-:
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“Efficient use of water in fruit crops”

Indispensable:

+ To know the patterns of water in the soil and the plant.
* Very precise irrigation management.
- System
+ Strategy
* Full lrrigation

1 i I;
il Soperantas IRTA [ ©JGirona/IRTA(2023) ]
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“Efficient use of water in fruit crops”

- [ 4

PEACH TREE

REGULATED DEFICIT IRRIGATION

[ ©JGirona/lRTA(2023) ]

5 (Mounzer et al., 2008)

[ ©JGirona/lRTA(2023) ]
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Peach Annual Cycle
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* .
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Leaf water potential at midday during postharvest (MPa)

Fig. 5. Relationshipbetween fruit set 2 months after full bloom in 1996 and seasonal
average midd: water potential during a previous year at postharvest. Each

ds to a treatment average. Open circles control, closed
en triangles RDI-P, and closed triangles RDI-SII-P.

(Girona et al., 2003)

(Mounzer et al., 2008)
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Peach Annual Cycle

(Mounzer et al., 2008)
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Al Generalitat
#llE de Catalunya

IRTA’

Irrigation (% / Demand)

01/04

01/05

01/07 01/08

31/08

01/10

[ ©JGirona/IRTA(2023) ]

Al Generalitat
dll¥ de Catalunya

IRTA’

Peach Seasonal Stages

Specifications Post Harvest (PH)
Cultivar S-1 S-ll S-l
Late
Soils Fruitload W, (Mpa) ETc(%) Wiem(Mpa) ETc(%) Wem(Mpa) ETc(%) Wiem(Mpa) ETc(%) Wiem(Mpa) ETc(%)
Deep High Fruit Load -0.5 100- 80 -0.7 100 -2.0 30-50 -15 50-70
Early  SOils  Low FruitLoad -0.8 100- 50 -1.0 100 22 30-50 -15 50-70
Cultivars shallow High Fruit Load -0.5 100 -0.7 110-100 -2.0 50- 70 -15 70- 80
Soils  Low Fruit Load -0.7 100 - 80 -0.8 100 -2.2 50-70 -1.5 70-80
Deep High Fruit Load -0.5 100- 80 -1.8 0-50 -0.9 130: 100 -2.0 0-30 -15 50-70
s::l:n Soils  Low Fruit Load -0.8 100- 50 -2.0 0-50 ‘1.2 130: 100 2.2 0-30 -15 50-70
Cultivars Shallow High Fruit Load -0.5 100 -1.6 40-70 -0.9 110:: 100, -2.0 20-50 -15 70- 80
Soils  Low Fruit Load -0.7 100 - 80 -1.8 40- 50 -1.1 110: 100 -2.2 20-50 -1.5 70-80
Deep High Fruit Load -0.5 100- 80 -1.8 0-50 -1.0 130:100 -15 0-50
Late Soils  Low Fruit Load -0.8 100- 50 2.0 0-50 ‘12 130: 100 -15 0-50
Cultivars shallow High Fruit Load 0.5 100 -16 40-70 -1.0 110: 100 -15 50- 70
Soils  Low Fruit Load -0.7 100 - 80 -1.8 40- 50 -1.1 110: 100 -1.5 50- 70

[ ©JGirona/lRTA(2023) ]
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Peach Seasonal Stages

i Specifications Post Harvest (PH)
Cultivar S-1 S-ll S-l
Initial Late
Soils Fruitload  Wg.n(Mpa) ETc(%) Foem(Mpa) ETc(%) Woem(Mpa) ETc(%) Wgem(Mpa) ETc(%) Weem(Mpa) ETc(%)
Deep High Fruit Load -0.5 100- 80 -0.7 100 -2.0 30- 50 -15 50-70
Early Soils  Low Fruit Load -0.8 100- 50 -1.0 100 222 30- 50 -15 50-70

Cultivars shallow High Fruit Load -0.5 100 -0.7 110-100 -2.0 50- 70 -15 70-80

High Fruit Load
Low Fruit Load -0.8 100- 50
Shallow High Fruit Load

Soils  Low Fruit Load

Deep
Mid Soils

Deep .. i K
Soils  Low Fruit Load -0.8 100- 50 -2.0 0-50 -1.2

-15 0-50
Cultivars ghallow High Fruit Load -0.5 100 -1.6 40-70 -1.0 -15 50-70
Soils  Low Fruit Load -0.7 100 - 80 -1.8 40 - 50 -1.1 110: 100 -1.5 50 - 70

o ¥ g
| :S:E:’:;'.‘h‘:.‘w IRTA [ ©JGirona/IRTA(2023) ]

Peach Seasonal Stages

Specifications Post Harvest (PH)
Cultivar S-1 S-ll S-l
Initial Late

Soils Fruitload W, (Mpa) ETc(%) Wiem(Mpa) ETc(%) Wem(Mpa) ETc(%) Wiem(Mpa) ETc(%) Wiem(Mpa) ETc(%)
Deep High Fruit Load -0.5 100- 80 -0.7 100 -2.0 30-50 -15 50-70
Early Soils  Low Fruit Load -0.8 100- 50 -1.0 100 -2.2 30-50 -15 50-70
Cultivars shallow High Fruit Load -0.5 100 -0.7 110-100 -2.0 50-70 -15 70- 80
oj 0 it |oad -0.8 100 -2.2 50-70 -1.5 70-80
Deep High Fruit Load 5 -1.8 0-50 -0.9 130: 100 -2.0 0-30 -15 50-70
Soils  Low Fruit Load . -2.0 0-50 ‘1.2 130: 100 2.2 0-30 -15 50-70
Shallow High Fruit Load -1.6 40-70 -0.9 110: 100 -2.0 20-50 -1.5 70-80
Soils  Low Fruit Load -1.8 40 - 50 -1.1 110: 100 -2.2 20-50 -1.5 70-80

Deep 3 )0 -8 -1.8 0-50 -1.0 130:100 -15 0-50

Soils  Low Fruit Load . 2.0 0-50 ‘12 130: 100 -15 0-50

Cultivars shallow High Fruit Load -16 40-70 -1.0 110: 100 -15 50- 70

Soils  Low Fruit Load . -1.8 40-50 -1.1 110: 100 -1.5 50- 70

™ ) 9
Ik Seoeraiten IRTA [ ©JGirona/IRTA(2023) ]
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100 . Fll ot

Irrigation (% / Demand)

0 M | |
01/04 011‘(.)5 01/06 01/07 i 01/08 31/08 01110

Deep High Fruit Load -0.5 100- 80
Soils  Low Fruit Load -0.8 100 - 50

Shallow High Fruit Load -0.5 100
Soils Low Fruit Load 0.7 100 - 80 [ ©JGirona/IRTA(2023) ]

Mid
Season
11T Generalitat Cultivars

#llE de Catalunya

91

100 . F-Nl f —

Irrigation (% / Demand)

01/04 01105 -1.8 0-50 |ios 31/08 0110

G 9 -
Ik Seoeraiten IRTA [ ©JGirona/IRTA(2023) ]
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Al Generalitat
#llE de Catalunya

Irrigation (% / Demand)

100

. F-ll

-1.2
-0.9

130:100
130:100
110: 100
110:100

[ ©JGirona/IRTA(2023) ]

Al Generalitat
dll¥ de Catalunya

Irrigation (% / Demand)

100

01/05

01/06
-2.0 0-30
-2.2 0-30
-2.0 20-50

50-70
50-70
70-80
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293 “Uso eficiente del agua en cultivos frutales™

Fuity do LHtieso

Murcia, 24 de Noviembre de 2023 -

100

Riego (% sobre la demanda)

SP-ACF -1,8 MPa 0-50% !
1
0 _g SP- -20MPa  0-50% | |
01/04 IS %_ ACF -1.6 MPa 40-70% ] 31/08 0110
- -1.8 MPa  40-50%
: E 3: Fa’t‘;llitﬁ:w IRTAI; [ ©JGirona/IRTA(2023) ]
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“Efficient use of water in fruit crops”

REGULATED DEFICIT IRRIGATION

A

APPLE TREE

Al Generalitat
dll¥ de Catalunya

IRTA’

[ ©JGirona/lRTA(2023) ]
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Initial Stage

Apple Annual Cycle ;4

Leaves
Fall

Late Stage

® First Leaves j

‘-0 Bloom

¥ 9
Era:';ll‘tﬁ:w IRT [ ©JGirona/IRTA(2023) ]
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Experimental Set Up
(RDI in Apple)

TRT 1: Control: (Fulllrigation)
TRT 2: RDI

¥ 9
RS IRTA [ ©JGirona/IRTA(2023) ]
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B »¥ Rk b2
e Apple Annual Cycle e

. Initial Stage g : ] 9
: Control: Fill Irrigation : ﬁ : PH

ey i N @ o @ I §

: ROI I
i | :
o . H Leaves
e 5 : Fall
8 3 Late Stage 4
g & : :
@ F L : :

ve

(Gim{la, 2013)

Ji Oc

Generalitat IR
de Catalunya
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¥ 9
Ik Seoeraiten IRTA [ ©JGirona/IRTA(2023) ]
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101
&
13
o
Q
€
2
(e}
>
=
S
e
w

{[F Seperatnat | IRT [ ©JGirona/IRTA(2023) ]
102

51



28/02/2024

Average Results 2007-2009

¥

&

e

Yield
(tm/ha)

Fruit Load
(fruitsitree)

B

Fruit
Weight (g)

Irrigation
(m3/ha)

Irrigation
(%)

CONTROL

69.3

227

202.6

6940

100

RDI

ultivar: Gold Smothee

Generalitat

IRT,

74.8

240

| C Lcati EE - oIIerussa

3 A,
I

5470

79

(Girona et al., 2011)

7~

e Catalunya [ ©JGirona/IRTA(2023) |
103
Yield Fruit Load | Fruit Weigth
(tm/ha) (fruits/tree) (9)
CONTROL 39.3 195 205.4
DI (Seasonal) 27.5 187.3
Ik Seoeraiten IRT rona/IRTA(2023) ]
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Average Results 2007-2009

Yield
(tm/ha)

Fruit Load
(fruits/tree)

(9)

CONTROL

39.3

195

205.4

DI (Seasonal)

21.5

148

187.3

CONTROL

Mn7

173

243.2

RDI

48.5

ultivar: Golden Smothee,

- N = VR :
Ci Location: EEL - Mollerussa ;

encranar IR
e Catalunya

105

210

x

)

233.8

(Girona et al

2011)

[ ©JGirona/IRTA(2023) ]
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31 litres

v £ L. Tecn (1)

L. 1."=d Tecn
L. Med Tecn
Localizado L. NO Tecn

Tradicional - - 69 I/t(es
- S AR R 3 55 litres
Values refered to produce un_aplple that weights 200 gr- (irrigation+:rain) % naet ak, 2012). » ;ﬁ

¥ 9
Er&;‘:l‘:ﬁ:w IRT [ ©JGirona/IRTA(2023) ]
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“Efficient use of water in fruit crops”

¢We know where we locate water
in the soil of our crops?

P —

Irrigation + Rain

Deep Percolation

¥ 5
erl".‘eafgl‘ml‘ya IRTA [ ©JGirona/IRTA(2023) ]
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48. Bundessteinobstseminar
11.-14.12.2023

“Bewasserung im Steinobst bei
zunehmender Wasserknappheit -

sanaseamescnenen — R@SSOUrCcenschonende Strategien aus
vanien”

1, Weg in die Zukunft!

This presentation and all its contents are protected by current legislation on industrial and
intellectual property. That is why its reproduction, copying, modification or transformation without
the express authorization of IRTA is expressly prohibited.

Dr. Joan Girona

IRTA — Programm zur effizienten Wassernutzung in der Landwirtschaft

Jjoan.girona@irta.cat

o ¥ g
| ;SSEZ&‘:J.‘&?.‘W IRTA [ ©JGirona/IRTA(2023) ]
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