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Need to take decisions and make critical day-to-day and long-term planning on farm 
management (strategic and tactical).

Support have to be relevant, timely, user-friendly to assist and manage crop 
cultivation. DSS offer scientific-technical tools often developed by multidisciplinary 
teams to combine to skills and experience. 



J. Pretty et al., INTERNATIONAL JOURNAL OF AGRICULTURAL 
SUSTAINABILITY 8(4),  2010,  219–236 

A challenge is how to feed an incoming
population of 9 B. To meet the demand without
significant increases in prices, the need is to
produce 70–100% more food, in the light of
growing impacts of cc, concerns over energy
security, and the Millennium Development target 
of halving world poverty-hunger by 2015. 

The goal is no longer simply to maximize
productivity, but to optimize across a far more 
complex landscape of production, rural
development, environmental, social justice and 
food consumption outcomes.



1: Natural resource inputs: Climate, water, soil nutrition, erosion,  biodiversity, 
ecosystem services and conservation, energy, climate change and resilience

What are the predicted impacts of cc on yield, cropping practices, crop diseases, 
irrigation…?
What approaches can be developed to increase water use efficiency in 
agriculture and what is the cost-effectiveness of this approaches?

2: Agronomic practice: production systems and technologies, genetic
improvement, P & D management, livestock

How we can accelerate the rate of technological change to propel sustainable
production? Which approaches to P&D are the most economically and 
socially sustainable? 



3: Agricultural development: networking, solidarity, reciprocity and exchange, 
farmer participation in technological development. 

Farmers involvement enables novel technologies and practices to be learned
directly, adopted and adapted. Agricultural and agrometeorological extension
services are vital elements to address needs and provide critical services. 

4: Markets and consumption: food supply chain, food standards, LCA, 
energy, C footprint, environmental impact. 

As energy prices rise, how can agriculture increase its efficiency and use
fewer inputs to become economically sustainable and environmentally
sensitive, yet still feed a growing population? 



Climate resource

Energy resource

Water resource
Genetic resource

Human resources
Economic resources

Landscape resource

New-light
technologies, saver
inovation, DSS



CropCrop protectionprotection

CropCrop productionproduction

CropCrop qualityquality

EnvironmentalEnvironmental impactimpact



Mean Annual Losses to Weather HazardsMean Annual Losses to Weather Hazards
in the United Statesin the United States
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Scarring, distortion, russet

Spring frosts: when
temperature falls below
the melting point (0°C) 
sensitive crops can be
injured

Style, ovary, petals
necrosis

Dehydration, brown tissues



Whether or not there is frost
damage at a particular minimum 
temperature 

species, crop variety, hardening, cultural 
practices (pruning, fertilization, irrigation), 
INA bacteria, weather conditions.

It occurs in most countries with
temperate climates and even in 
tropical countries at high elevations

Coffee 
region



DefineDefine meteo & meteo & micrometmicromet conditionsconditions duringduring frostfrost
eventsevents

DefineDefine the the mostmost appropriate appropriate methodsmethods forfor protectionprotection in in 
relation relation toto the the climaticclimatic hazardhazard and and sustainablesustainable
resourcesresources managementmanagement

DevelopDevelop instrumentsinstruments ableable toto evaluateevaluate the the riskrisk

SupportSupport farmersfarmers in in avoidingavoiding or or mitigatingmitigating the the 
detrimentaldetrimental effectseffects ((activeactive--passivepassive protectionprotection))

Advices for frost protection





AwarenessAwareness of the of the riskrisk

Passive Passive protectionprotection

SelectionSelection of of lowlow--riskrisk sites !!!!sites !!!!

WHY DSS??WHY DSS??

CropCrop
selectionselection



Regional Regional topoclimatictopoclimatic model model 
includingincluding phenologicalphenological and and growthgrowth modelsmodels toto bebe usedused

operationallyoperationally

••DefineDefine the the riskrisk mapsmaps forfor the the variousvarious
cropscrops
••WeeklyWeekly agrometeorological agrometeorological bullettinsbullettins
••ClimaticClimatic regionalregional datadata--base base forfor land land 
capabilitycapability
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Active protection (          )
AwarenessAwareness of the of the meteorologicalmeteorological riskrisk

SelectionSelection of the appropriate of the appropriate 
methodmethod::
•• cropcrop
•• locationlocation
•• climateclimate
•• costscosts

EffectivenessEffectiveness

EfficiencyEfficiency

RiskRisk

Reduce or Reduce or toto avoidavoid the impact the impact 
of of thesethese extremsextrems --microclimatemicroclimate
management & management & manipulationmanipulation 0°C0°C



WHY FARMERS NEED PREVISIONS ?WHY FARMERS NEED PREVISIONS ?

Sensibilità al gelo - danno del 10 %
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AwarenessAwareness of the of the riskrisk

ActiveActive protectionprotection

WhatWhat a a probabilityprobability forfor a a frostfrost tonighttonight? Can the ? Can the 
thermalthermal levelslevels predictedpredicted compromizecompromize mymy cropscrops
at at thisthis stage ? stage ? ShallShall I I activateactivate mymy protectionprotection
devicesdevices? ? WhatWhat the ratio the ratio costcost sustainedsustained//costcost of of 
the the possiblepossible damagedamage??



RadiationRadiation frostsfrosts: : calmcalm windwind -- clearclear skysky: : heatheat isis
lostlost in in formform of of radiantradiant energyenergy. Temperature . Temperature 
fallsfalls fasterfaster nearnear the the surfacesurface causingcausing a a 
temperature temperature inversioninversion





ActiveActive protectionprotection

High High consumptionconsumption
ratesrates

ExpensiveExpensive toto operate operate 
(2000 (2000 €/ha/night)€/ha/night)

Total Total efficiencyefficiency
proportionalproportional toto the the 
numbernumber of of heatersheaters
and and dependingdepending on on 
the air temperaturethe air temperature

Heaters



No Wind MachineNo Wind Machine With Wind MachineWith Wind Machine
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ActiveActive protectionprotection

Water Water freezingfreezing: : 
whenwhen 1 Kg of water 1 Kg of water 
freezesfreezes at 0°C, the at 0°C, the phasephase
changechange convertsconverts 334 334 kJkJ
of of latentlatent toto sensiblesensible heatheat

Low Low operationaloperational costscosts. High . High 
installationinstallation costscosts butbut sprinklerssprinklers
can can bebe usedused forfor irrigationirrigation, , 
fertilizerfertilizer applicationsapplications, , 
evaporative evaporative 
cooling…cooling…DisadvantagesDisadvantages::
largelarge amountsamounts of water of water 

OverOver--plantplant
sprinklerssprinklers

UnderUnder--plantplant
sprinklerssprinklers



UniformUniform applicationapplication, , 
continuouscontinuous and and adequateadequate
wwater ater amountsamounts. . ProblemsProblems
under under windywindy conditionsconditions.  .  
ErrorsErrors in in operatingoperating (late (late 
startingstarting, , earlyearly stoppingstopping,  ,  
accidentalaccidental interruptionsinterruptions) ) 
can induce major can induce major damagesdamages

OverOver--plantplant
sprinklerssprinklers



UnderUnder--plantplant
sprinklerssprinklers

The goal The goal isis
toto maintainmaintain
the the wettedwetted
cover cover cropcrop
temperature temperature 
nearnear 0°C0°C

IntermittencyIntermittency, , lowerlower amountsamounts ofof water water 
((higherhigher sustainabilitysustainability, , lowerlower costscosts).).
SameSame sprinklerssprinklers are are usedused forfor irrigationirrigation..

ProtectsProtects largelarge surfacessurfaces
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When surface temperature 
reaches the dew point, 
condensation forms releasing 
sensible heat to retard 
temperature drop.



• Forecast of night temperatures depending on foreseen weather
conditions and on temperature at sunset. At 10.00 and 01.00 
forecasted temperatures and measured temperatures are checked. 

• In case of temperatures below 0 °C, a SMS is sent to all registered
users



Appropriate Appropriate pestpest management management usingusing
meteorologymeteorology and and microclimatologymicroclimatology can can 

reduce reduce losseslosses: the : the tacticaltactical useuse of of weatherweather
information in the information in the predictionprediction of p&d of p&d 

developmentdevelopment maymay allowallow forfor nearnear--optimumoptimum
useuse and timing of and timing of pesticidespesticides and/or and/or releaserelease

of of predatorspredators..



SAFE
• To guide farmers in the integrated pest

management, improve effectiveness of 
treatments, reduce or avoid pesticides
impact and improve quality

• A network of monitoring sites, using
phaeromone traps or test plots, gives
the basic informations to run
simulation models

• The system uses weather forecasts
and climatology to estimate periods of 
next insect generations, guiding
farmers to choose the best moment for
the treatment

• When a threshold is approaching, a 
SMS alerts the farmer, so that he can 
plan a treatment if necessary

Catture Lobesia botrana
Anno 2008 - Stazione fenologica VI001CL Mazzarino C.da 
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Agrometeorological Research BraunschweigAgrometeorological Research Braunschweig

risk from cereal aphids  no. of days
with >4 aphids /ear+flag leaf, May-Jun 1961-2004
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risk from cereal aphids

Cologne (Köln/Bonn)

0

5

10

15

20

25

year 1965 1970 1975 1980 1985 1990 1995 2000

no
. o

f d
ay

s

risk from cereal aphids

Augsburg

0

5

10

15

20

25

year 1965 1970 1975 1980 1985 1990 1995 2000

A
nz

ah
l T

ag
e

The activities of the German Weather Service in the field of agroclimatology



Plasmo Project - PLASMO on-line

http://agromet-cost.bo.ibimet.cnr.it/plasmo/



IrrinetIrrinet Emilia Emilia 
Romagna Romagna –– Online Online 
DSS on Irrigation:DSS on Irrigation:

2020 MILLIONS
m3 water are withdrawn

Withdrawal is 130 Mm3 higher 
than recharge, thus inducing a 
progressive subsidence

66% agric

23%
Public 

domestic

11% 
industry



Good practices for water management

Water saving

• Dry farming
• Crop selection and 

management
• Improvement of efficiency of 

irrigation equipments, reduction
of losses

• Water balance calculation, 
agrometeorological support

• Decision Support Systems and 
Advisories

Re-utilization
• Depuration/ phytodepuration
• Irrigation using waste water

To save water, there is not a 
unique solution, but several
strategies can be used
together. The saving may
reach 20-25 %.

What is a "best management practice for water?"
A practical, affordable approach to conserving water without sacrificing
productivity, maximizing its use efficiency.



IRRIGATION METHODS

The selected irrigation technique has a great importance in 
limiting water use, and also on leaching of nutrient in soil.

••FloodingFlooding

••FurrowFurrow

••SubirrigationSubirrigation

••SprinklingSprinkling

••MicroirrigationMicroirrigation ((dripdrip, , microjectsmicrojects))

+ water 

- water



At basin level

Transport between the 
source and the farm 

Water withdrawn
at source Water 

available
at 

the farm

EF
FI

C
IE

N
C

Y 
O

F 
D

EL
IV

ER
Y

EF
FI

C
IE

N
C

Y 
IN

 T
H

E 
FA

R
M

EF
FI

C
IE

N
C

Y 
O

F 
D

IS
TR

IB
U

TI
O

N

Global efficiency

losseslosses losseslosses losseslosses

Water 
available
in the 
field

A / EA / EEFFICIENCY OF THE CROP



Information Information toto the the farmersfarmers: : 

DecisionDecision supportsupport systemssystems forfor irrigationirrigation

ImprovementImprovement in in efficiencyefficiency of of irrigationirrigation isis possiblepossible
byby modulatingmodulating timing and timing and quantityquantity of water of water asas a a 
functionfunction of of meteorologicalmeteorological variablesvariables, , 
evapotranspirationevapotranspiration assessmentassessment, and , and usingusing
informatinginformating toolstools forfor disseminationdissemination

When and how much to irrigate?
What is the proper irrigation system?



CER is a consortium distributing water and 
the most important idraulic infrastructure

Founded by local Authorities and 
from regional reclamation
consortiums

•Through a channel from Po river water 
is made available over a 3000 Km2

area and the water resources (68m3/s) 
allow to satisfy the irrigation needs.

•Water is furnished together with the 
information for its rational and 
sustainable utilization (IRRINET).



Irrinet in pills

• Started in 1984 with public founding to test 
telematics in agriculture (Videotex)

• In the WEB in 1999
• GIS extensions & advanced WEB interfaces in 

2002 
• From 2003: WEB + SMS (IrriSMS)
• Involves more than 11000 farms, covering almost  

22% of the irrigated area in the region
• Its application in the 2010 allows a water saving 

for more than 50 millions m3



Meteo
Data Base

Soil
Data BaseCrop data

CER

Irrinet irrigation model



Registered Registered 
usersusers: farm, soil, : farm, soil, 
crop data are crop data are 
kept in memory kept in memory 
and used from and used from 
the programthe program..

Unregistered Unregistered 
usersusers: users can : users can 
interrogate by interrogate by 
selecting crop selecting crop 
and finding the and finding the 
farm locationfarm location



Subscription Form



Click on the map to find user farm and download the following data:
• METEO DB: Meteorological data: daily ET, temperature; hourly rainfalls
• PEDO DB: Soil texture
• WATER DB: average water table depth

Irrinet GIS approach



Input Data Form: focus on soil
data

The system provides soil data,  
automatically downloaded from 
Regional Soil Information 
System; if the  data are not 
similar to those of the farm, the 
user can input their own data 
from field analysis. 



Irrinet Output page

Water irrigation
amount (mm when
sprinkler irrigation
or h /min when
microirrigation
applied)

predicted
evapotraspiration

Next day to
irrigate



IrriSMS structure

Message sender: who is providing 
this service: an irrigation 
company, a public body etc..

Farm crop: peach, corn, sugar 
beet

Irrigation scheduling: yesterday 
crop evapotranspiration; when 
you have to irrigate; (forecasted 
data); water applying to that date
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Micrometeorological approach to
assess water requirements of crops:

Ex: for kiwifruit, 
measured crop
evapotraspiration
allowed to give
new indication to
irrigation schedule
programs, able to
save 15-20% water



Criteria

Maximum Water Reserve

Actual Water Reserve

PET

(Potential Evapotranspiration)

CLIMATE

• Temperature
• Radiation
• Wind
• Humidity
• Precipitation

Maximum
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Stima delle 
esigenze irrigue



5 R rule: “applying the Right input in the Right amount at the R5 R rule: “applying the Right input in the Right amount at the Right time inight time in
the Right place and in the Right mannerthe Right place and in the Right manner””..

DSS on Digital Agriculture:  farm-level mapping, comprehensive data base creation
on resources generated through space- based inputs and field observations to make
a detailed plan of work for maximizing yield and reducing inputs and their costs.



-5.6
(t C ha-1 y-1)
NEE

11.40 4.96arancio
14.3311.08pesco
11.928.46susino
6.644.91albicocco

+ transport to 
Germany 
(tC/yr/ha)

EMISS CO2 
(tC/yr/ha)

COLTURA

Sink - source 
5.6 - 1.35 = 4.25 tC/ha/yr
5.6 - 3.1 = 2.5 tC/ha/yr



Information for farmers-
government/agro-
business

DSS on agricultural 
management 
strategies, land use 
planning, water 
resource management, 
depletion/erosion of soil 
resources, economic 
evaluation of impacts 
on yield

WAMIS
Server & 
Interface




