Strategie per I'adeguamento dei
sistemi agricoli alla variabilita della
risorsa idrica
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L’agricoltura e la produzione alimentare

dipendono dalla disponibilita idrica. @agtap and
Jones, 1989; FAQ, 2002)

L’aumento della popolazione mondiale

richiede piu cibo e quindi piu acqua(rao, 2003;
OECD, 2008)

Il cambiamento climatico puo far variare |la
disponibilita idrica in molte aree del globo

(Roderick and Farguhar, 2002; Smakthin et al., 2004)

L’evapotraspirazione (ET) rappresenta la

maggiore perdita di acqua. (Burt et al., 2005;
Ventura et al., 2006)
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Source, UN Population statistics, Aug 08;

Source OECD (Organization for Economic Co-operation and Development)



Agricolivrz 2 rifornimeanto idrico

Mo data 3 —10% 20 — 40%a
0-5% 10 — 20% = 4%

Area equipped for irrigation as percentage of cultivated land by
country (1998) (source: FAOSTAT 2002) 2/33
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nLolo
NAall Aaviannantfracnivra=2inannma

Rn= net radiation (solar energy incoming-reflected)

solar
energy

A

T= Transpiration Rn_LE_H_G_,(M)zO

A .

E— Evaporaﬂon

H=sensible
Soil h t
temperature A €ad
changes —
Air
temperature
G= ground changes
heat flux

Energy balance from |rr|gated land. Soil evaporation (E) and crop
transpiration (T) are the main losses (ET=LE) 5/33
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Come puo essere migliorata
I"efficienza irrigua?
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1. Adottare criterio irriguo

2. Coefficienti colturali e microclima
3. Precipitazioni

4. Misure di evapotraspirazione
5.Cambiamento climatico



Esempi internazionali:
In California gli
agricoltori che utilizzano
il criterio di
evapotraspirazione
1986 1.5%

2010 40%



- Reti di misure met%orologlche
automatic

-Database di Ef e dati meteo
- Migliorare l'efficienza dell’irrigazione




Irrrigazione Pioggia, nebbia,
rugiada

‘ Bilancio Idrico per
Iirrigazione
*\‘/ ET
A

ruscellamento

PERCOLAZIONE Falda freatica



‘ Piezometria ¢ Chimismo

@ ricrometria
1= Chimismo
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Fattori di impiego

1. Frutteti e vigneti

2. Sistemi irrigui in pressione
3. Problemi di irrigazione

4. Maggiore consapevolezza
5. Agricoltori parlano tra loro
6. Costo locale dell'acqua

Faber and Snyder (1990)
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Irrigazione
ETE=P+F+1+A6-Pr-R
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Spesso ¢ il risultato del bilancio
Una buona stima della irrigazione tramite
bilancio idrico permettere di conservare le

risorse e di limitare l'inquinamento per
lisciviazione delle acque di falda












Crop Category Land Planted (%)

Cambio delle colture
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Ragioni per una rete

1. Evapotraspirazione

2. Adottare il criterio
irriguo

3. Migliorare il sistema

4. Resa delle colture

5. Disponibilita idrica

6.Energia



Irazione

Evapotrasp

da dati meteo
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Coefficienti colturali= f(clima)

ET. - misurato ET - stimato



Equazione di Penman Monteith

e AR, —G)+pC, (e, —e,)r."
Fattori che 1nf{en zano il Kc:

_Radiaziohe n¥td P;,
-Resistenza aerodinamica (r,)
‘Resistenza della canopia (r,)
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Come stimare |L.contriB [0
all’ evapotrasplazmne di
nebbia, rugiada e.pioggiai
fine?










Evapotranspiration and Crop Coefficients
“Surface Renewal”
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Ultima glaciazione 18,000  Attuale Proiezione anno

anni fa spessore di ghiaccio 2100
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2.0 km ]
Temperatura Temperatura media Temperatura
media globale globale media globale
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Trand dealla temparatura

2l Bologna




Trend della pioggia a Bologna

dal 1952 al 2004
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---- P mean (750 mm)
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Trend della profondita di faldza

2 Bologna dal 1952 al 2004

- GWT min year -+ GWT max year

A . AN

y = 1.3931x + 188.11




0.0120

R TN
" ", (372,0.010)
£ 0.0100 % |
() N
£ 0.0080 8 (520, 0-008) Stomatal
LS '@\ closure
= ‘. (700, 0.006)
£ 0.0060 N
@ ‘Q
5
7 0.0040 Q.
S y=-0.0000112x +0.0141800 &
“ 0.0020
>

0.0000 | |

0 500 1000 1500

CO, concentration (ppm)

Long et al. (2004)



r, - Stomatal Resistance (s m)
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r. - Canopy Resistance (s m™)
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Change from Current Mean Annual ET,
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Inclica cellz descrizione deal rmodello

OUTPUT

* Evaporazione del
INPUT terreno nudo (Ke)
e Scelta della coltura * Kc
e Dati meteo  Etc
* |rrigazione e |rrigazione cumulata
* Proprieta del terreno * Valori giornalieri,

* Profondita delle radici settimanali e mensili



Inclzigine sui ilc

CATEGORIE DI COLTUTURE:

1. Erbacee da pieno campo

2. Colture perenni

3. Frutteti e vigneti

4.Agrumi e olivi
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59. MEAN CROP CONSUMPTIVE USE AND FREE-WATER
EVAPORATION FORTEXAS

L INTRODUCTION

The manual provides irfformation on the amounts of water consumptively used by
vegetstion and evapomtion fom free-water surfaces. The msin purposa of this manusl
is to provide estimatzs of mean-annual gonsuptive use rates for crops in the Siate of
Taxas, using cop coeflicients, determined from [ysimatar sudies.

2. MATERIALS AND METHODS

The leh values used here ware adapied from SCS (1982). Note thatthe Kgh values
found in Dpgrenbos and Pt (1977) wers used as g values in SC5 (1983).

Period of the Experiment

The growing sessons for the mejor crops grown in Texas and the planting dates wer=
assumed to be the time between whan 50% of the cop was planted and 50% of the
crop was harvesied [sxcept cotion). The panting date was sssumed to be the date
when 50% of crops within & crop reporting district were planted.

Place of the Expariment

Taxas, USA.

Calkculstion

Fgh vaues war adjusied for minimum relstive humidity and strength of wind spead.

To determine the awverage Kgp vales for each month, the first step is b plot the Keb
(adjusted) for the growing sesson and o divide the curve into the calendar months. The
last stap was to calculaie the aversge Kgh for each calendar month.

The growing season is divided into 4 stages: inital, canopy devebpment, mid season
and msturstion. Ther ar= 3 main points of the Keh curve:

1. Kgb value for the initial staga=0.26 (setby SCE, 1982; itdo=s not change):
2. Kpp value for the start ofthe mid-season stage;

3. lgm velue for the end of the maturation stege.

ol

—
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The wet soil evaporstion factor (Kw) used only when the Kgh < 1. it was dsfina by
Wright (1981} as:

Kop=(1-Keb)[1-{i ) 051 Ew)

‘Wher t= elapsed time since wetting days, td= time required for the soil surface to dry,
days

Fw= r=lative grign of the soil surface onginally wetied.

For a significetive, preciitaton event, the 0.1 ingh threshold appeared vEls =
balance betwesn ovarand undar estimation of wat sgilevaporstion.

3. RESULTS AND DISCUSSION

;;?; Moderate wind Strong wind
Yer ¥em, Kep
Airid 1.00 0.50 1.05 0.90
Humid 0.95 0.85 0.95 0.85
bga? : Moderate wind Strong wind
bt Hem, it Bem,
Arid 1.15 0.25 1.20 0.25
Humid 1.05 0.30 1.10 0.30

Conclusion

The Kgh values usad in this manualare for grass reference crop gyapoiEnspiEion.
ETg. The coefficients wer published in S5CS (1983) and Jensen manusis on
consumptive use of crops.

In g=n=ral, FAD 24 Penman procedurm (Dagrenbps snd Pruitt, 1577)
greater ETg than doas the SCS (1893} Penman-Maontaih procadure.

astimated s

e A box was set up for each paper reviewed.
eecach box has got a number of identification

eeach number is reported in the Kc data base. 12/33



Creare un dataozse d
Maize Example of Kc values investigated:
Paper n Country Kc ini | Kc mid | Kc end
7 California, USA 0.2 1.2 0.5
20 Kenya, Africa 0.5 1.0 0.8
8 Karnal, India 0.6 1.1 0.6
29 Wokingham, UK - 0.8 -
40 Taiwan 0.4 0.8 0.7
45 Nebraska, USA 0.3 1.2 0.3
55-57 Shaanxi, China 0.2 1.1 0.6
50 Khon Kae, Tailand | 1.0 1.2 1.1
59 Texas, USA 0.3 1.1 1.0
81 ldaho, USA 0.2 0.9 0.7

N
@

ehigh variability
due to different
cultivar and
different
climates.
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CROP

Ke VALUES

Type N# Name PLACE ini mid end REFERENCE
1 sunflower Texas, US 025 1.15 1.00 Mean Crop Consumptive Use and Free-Water Evaporation for Texas
1 tfomato California, US 021 1.25 0.60 Water used by crops as affected by climate and plant factors
1 tomato Jordan 065 0.82 053 Developing crop coefficients for field-grown tomato (Lycopersicon esculentu
1 4 tomato California, US 0.95 Estimating evapotranspiration in processing tomatoes
1 tomato California, US 0.70 New crop coefficients developed for high-yield processing tomatoes
1 tomato Texas, US 025 1.05 0.85 Mean Crop Consumptive Use and Free-Water Evaporation for Texas
1 tomato Texas, US 025 1.20 0.90 Mean Crop Consumptive Use and Free-Water Evaporation for Texas
1 wheat Shaanxi, China 0.20 -Peak crop coefficient values for Shaanxi, North-west China
1 wheat Bengal, India 0.33 1.08 064 Actual evapotraspiration and crop coefficients of wheat (Triticum Aestivum) |
1 wheat Shaanxi, China 0.20 0.70 Crop coefficient and ratio of transpiration to evapotranspiration of winter whi
1 wheat, winter Texas, US 025 1.05 Mean Crop Consumptive Use and Free-Water Evaporation for Texas
1 45| wheat, winter | Texas, US 025 115 Mean Crop Consumptive Use and Free-Water Evaporation for Texas
1 wheat, winter Idaho, US 1.00 New evapotrasnpiration crop coefficients
1 wheat, winter ldaho, US 1.00 Using weighing lysimeters to develop evapotranspiration crop coefficients
1 wheat, spring ‘ Texas, US 025 1.05 055 Mean Crop Consumptive Use and Free-Water Evaporation for Texas




Esernolo di confronto tra 1 valorl di 1€c

Maize Kc values comparison between all papers reviewed.

= FAQ 56 table value

1.6
144

1.2 4
1.0 4

0.8 -

ke value

0.6 -

0.4 -

0.2 -

0.0 ! !
o ini oz mid i end
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1. Scegliere la coltura
2. Inserire i dati meteorologici (pioggia e ET,)

3. Criteri di irrigazione ( massima diminuzione di acqua nel
terreno consentita)

4. Valutare I’eta degli alberi, delle colture, il tipo di
irrigazione.

5. Tabella del Kc adeguata al clima locale

16/33



Moclel descriotion

1. Choose a crop number (“Kc info” and “Crop list” worksheets)
CROP

Crop

Number

2006

o= Ty | L k| —

T U U W [P R Y
s I C RS R e R

Name

Almonds
Apple
Artichokes
Asparagus
Avocado
Barley
Eeans (dry)
EBeans (green)
Eeans (pinto)
EBeets (table)
EBroccaoll
Cabbage
Carrots
Celery
Citrus

#rinlst  Enter the % of the season

Type

I e . S W U T A R o T

Kc factors corresponding to the

from cdate A to the growth indicated growth date

B C D B C D E
0 50 a0 0.5% 1.1% 1.14% 0.65
0 50 fis 0.5% 1.05 1.04 0.50
4] 19 a0 0.65 0.65 0.65 0.65
12 25 a5 0.25 1.00 1.00 0.25
0 33 67 0.70 0.70 0.70 0.70
20 45 75 0.70 1.10 1.10 0.15
24 40 91 0.20 1.00 1.00 0.10
22 56 89 0.80 1.00 1.00 0.85
24 40 91 0.20 0.90 0.90 0.10
25 G0 a0 0.30 0.90 0.90 0.90
20 a0 83 0.30 1.00 1.00 0.80
25 63 88 0.30 1.00 1.00 0.85
20 a0 83 0.8% 0.95 0.9% 0.80
15 40 a0 0.580 0.95 0.9% 0.95
25 a0 fis 1.00 1.00 1.00 1.00

17/33"



2. Input weather data (“Climate” and “Weather” worksheets)

Mocle] clescrigtiorn

Historical Current Analysis Historical Current Analysis Historical Current Analysis Historical Current Analysis

mmiday mmiday mmiday mm mm mm o °c °c °c °c °c
Date DOY ETo ETo ETo Pcp Pcp Pcp Tmax  Tmax Tmax Tmin Tmin Tmin
1-Jan 40179 023 023 1.0 58 02 02 =17 -6.9 -6.9
2-Jan 40180 015 015 0.0 5.6 0 0.0 -1.9 -7.4 -74
3-Jan 40181 013 013 0.0 5.4 48 4.8 =21 -5.8 -5.8
4-Jan 40182 0.08 0.08 0.4 5.3 36 36 -2.3 =77 =77
5-Jan 40183 0.25 0.25 0.0 5.1 31 31 -2.5 -2.5 -25
B-Jan 40184 0.16 0.16 0.0 4.9 5.1 5.1 =27 -4 =40
7-Jan 40185 022 0.22 0.0 4.8 29 2.9 -2.9 -4.5 -5
g-Jan 40186 019 0.19 0.2 4.7 5.9 5.9 -3.0 -2.5 -25
9-Jan 40187 017 017 0.0 46 6.4 6.4 =31 -3.4 -34
10-Jan 40188 0.20 0.20 0.0 4.5 43 4.3 -3.3 -6.3 -6.3
1M-Jan 40189 043 0.43 0.4 4.4 5.1 5.1 -34 -5.2 -5.2
12-Jan 40140 0.30 0.30 0.2 4.3 5] 6.0 -3.5 =52 -5.2
13-Jan 40191 027 0.27 0.0 4.2 5.8 5.8 -3.6 -5.6 -5.6

L]

L]

Reference Evapotranspiration (ET,) and rainfall (Pcp)
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3. Irrigation scheduling: roots depth, soil water holding capacity,
plant available water and yield threshold depletion

20-mag-06

31-mag-06"
01-giu-06"
02-giu-06"
03-giu-06"
04-giu-06 "
05-giu-06"

Mo
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1.5

0.36

018
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135

100
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54000
540007
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1.5
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27000"
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27000"
270007

0.36

135.00
135.00"
135.00"
135.00"
135.00"
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135.00"

0.1
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405.00
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405.00
405.00
405.00
405.00
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135
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1356
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Soil Water Content (%)

Caratteristicrnia cdeal suolo

40

Field capacity

Plant available
water

30

20

FC=Capacita idrica di

campo

10 PWP= Punto di
appassimento
i pe rmanente
sand sandy loam silt clay clay
loam loam loam

Soil texture class



Dascrizione del rmocdello
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(@)

— —FC-YTD PWP ——CETc — Clrrig
400

% - — B
//u"—

250

200 / [

150 Aj

100 A

50 A

ﬂ T T I
23-Aug-96 22-0Oct-96 21-Dec-96 19-Feb-97

Enter the soil and crop root information
in the YTD worksheet. The Max YTD and
Max PAW will automatically appear below.
Use YTD the to find the last irrigation.

T

Using the maximum YTD, compare with
the Depl. values and enter an
irrigation equal to the Max PAW

when the Depl. exceeds the Max PAW

The last irrigation should occur when
the Cirr falls between FC-YTD and PWP

CETc & Clir (mm)

14 01 335 388 22_Jan-97
20 00 337 389 73-Jan-a7
20 03 339 390 24-Jan-97 " 2 i 328

Simulated cumulative irrigation curve (example: lettuce)

20/



Cover Crop Contribution:
Start Gnd Cover #1 Date:

End Gnd Cover #1 Date:

Stant Gnd Cover #2 Date:
End Gnd Cover #2 Date:

Irrigation Surface Area Wetted (%):

Ground shading on date A (%):

Ground shading on date B (%)

Ground shading on date C (%):

Ground shading on date D {%):

(Ground shading on date E (%):

Percent of the season
from date A to the growth
date




Mocdlal Validztior)

Cumulative ETc [mm]

——obs CETc
500

I

o

o
|

oV

o

-]
|

(")

]

]
|

100 -

— —dual CETc

single CETc

10-Jul-06

09-Aug-06
Time [day]

08-Sep-06

08-Oct-06
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Et_e il fattore chiave per migliorare I'efficienza dell’'uso dell” acqua

Dalla bibliografia si deduce che i valori di Kc sono dipendenti dal
clima locale

Un modello e stato sviluppato per valutare | Etc delle diverse
colture

Il modello e pronto all’utilizzo da parte di tecnici pubblici o privati

30/33



Pravision]

e Etc e connesso con la temperatura e la
resistenza degli stomi (r )

e Sipuo predire |’ Etc usando i dati del tempo
simulato nel modello del Kc e che tenga conto
delle concentrazioni di CO,

30/33



Graziel perfafiienzicne




