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Climate Change
Water scarcity

Deforestation/desertification
Water pollution

Loss of biodiversity
Waste dumps
Air pollution
Soil erosion

Disruption of ecosystems
Chemical pollution

Urbanisation
Hole in ozone layer

Energy consumption
Exhaustion of natural resources

Collapse of biogeochemical cycle
Industrial emissions

Natural disasters
Introduction of exotic species

Gene technology
Marine pollution

Over -fishing
Change of sea currents

Persistent organic polluters (a.o. DDT)
El Niño

Rise of sea levels
Source UNEP State of 2000
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Environmental Problems of the 21st CenturyEnvironmental Problems of the 21st Century



Maize

22%

2008 World 2008 World FoodFood SupplySupply
5.2 5.2 billionbillion grossgross tonnestonnes; 2.5 ; 2.5 billionbillion tonnestonnes drydry weightweight
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Animal & fish
products

Legumes, oilseeds

Roots & tubers
Sugar

Vegetables & melonsFruits 2%

Source: FAO AGROSTAT





980 Million Hungry People 

South Asia
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Cereals 1961 2000

Production, 91 390
Million tonnes

Av. Yield. t/ha 1.04 4.17

Population,
Millions 669 1,267

Land Used

Land Saved

Chinese Cereal* Production—Area Saved
Through Use of High-Yield Technology

Chinese Cereal* ProductionChinese Cereal* Production——Area SavedArea Saved

Through Use of HighThrough Use of High--Yield TechnologyYield Technology



Ecosystems Services are the processes by which the environment produces
resources that we often take for granted such clean water, timber, and 
habitat for fisheries, and pollination of native and agricultural plants.

Ecosystem services are severely threatened by

1) growth in the scale of human enterprise (population size, per-capita 
consumption, and effects of inappropriate management strategies to produce 
goods for consumption)

2) a mismatch between short-term needs and long-term societal well-being

Ecosystems ServicesEcosystems Services



CO2 Concentration in Ice Core Samples and

Projections for Next 100 Years
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• Carbon dioxide (CO2) = 1

• Methane (CH4) = 21

• Nitrous oxide (N2O) = 310

• Chloroflurocarbons

• Ozone

• Water vapour

Primary Greenhouse Gases -

Global Warming Potential

Primary Greenhouse Gases -

Global Warming Potential

Agriculture



Conventional Tillage with no surface residuesConventional Tillage with no surface residues



Conservation Tillage with surface residues retainedConservation Tillage with surface residues retained



Organic Agriculture: Advantages and LimitationsOrganic Agriculture: Advantages and Limitations

Organic agriculture is defined as "an ecological production management system 

that promotes and enhances biodiversity, biological cycles, and soil biological activity. 
It is based on minimal use of off-farm inputs and on management practices that restore, 

maintain, or enhance ecological harmony. 

Weed control in organic agriculture is done by intensive tillage system that may result

in high emission of CO2 and N20.
Lower yield; 

Potential reaction of plants in response to pest attack with production of toxins 

Advantages related to buiding up of soil organic matter and aggregate stability

Pesticide use reductions, even though new pesticides are biodegradable



Autosteering systems with DGPS and satelite receiver with base station 

(RTK) Accuracy ±2 cm

Budget Lightbar



Yield monitor system for quantity, humidity, and quality (proteins, 

starch, micotoxins based on NIRs systems);
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Map of wheat yield across a farm converted 
into economic return

____
500 m

Loss

Gain



..is the application of technologies and principles 

to manage spatial and temporal variability 

associated with all aspects of agricultural 

production for the purpose of improving 
crop performance and environmental quality.

Precision AgriculturePrecision Agriculture



Using Mobile Device on 
Agricultural Investigation



Using the WSN method build the relationship between the microclimate and the plant 
growth. The meteorological instruments include temperature and humidity sensor, wind 
speeds and directions sensor, solar irradiation sensor, atmospheric pressure sensor and 
soil water content sensor.

WSN Camera and Server location

Agricultural Monitoring Wireless Sensor Network Application

WSN Hardware Board WSN rain gauge

WSN Architecture 



SALUS MODEL

System Approach for Land Use Sustainability

SALUS MODEL

System Approach for Land Use Sustainability
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*Simulated using Salus Model

Modeling Climate change effects on wheat yieldModeling Climate change effects on wheat yield

1

1.5

2

2.5

3

C
u

rr
e

n
t

5
5
0
 p

p
m

C
O

2

5
5
0
 C

O
2

+
2
.5

o
C

G
ra

in
 y

ie
ld

 (
T

/h
a

) 

1

1.5

2

2.5

3

C
u

rr
e
n

t

5
5
0
 p

p
m

C
O

2

5
5
0

 C
O

2

+
2

.5
o

C

5
5
0

 C
O

2

+
2
.5

o
C

 -

2
0
%

P
re

c

G
ra

in
 y

ie
ld

 (
T

/h
a

) 



Risk analysis using modelsRisk analysis using models

Maize Response to Fertilizer (Kg N ha-1)
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SlopeSlope
ManagementManagement

SystemsSystems

衛衛
星星

查查

證證

水水
保保

計計畫畫
締締

取取
報報

查查

檢檢
安安

施施
設設

1. Image 1. Image 

InterpretationInterpretation
2. GIS Overlay2. GIS Overlay

Nov 02, 2004Nov 02, 2004Nov 02, 2004 Dec 29, 2004Dec 29, 2004Dec 29, 2004

3. GPS Identification3. GPS Identification

4. MIS  Management4. MIS  Management

RSRS

GPSGPS

GISGIS PDAPDA



Remote Sensing and Vegetation Indices

CCCI vs Field Greenness for 0+90N
y = 0.0072x + 0.0747

R
2
 = 0.8052
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VI can be used to detect N stresses (low yield) or N 

excesses (food poisoining for nitrosamine; NO3 leaching)



Risk Assessment of Environmental Sensitive Areas 

(ES) (Basso et al., 2008)

Quality

Soil 

Climate 

Vegetation 

Management

Degradation Degradation 

RiskRisk

Layer 1

Layer 2..

Layer n

Layer 1

Layer 2..

Layer n

Layer 1

Layer 2..

Layer n

Layer 1
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Layer n

LL

AA

YY

EE

RR

SS

Quality_xij= (layer_1ij) (layer_2ij) (layer_3ij)...(layer_nij)(1/n)

ES = (Quality_1ij) (Quality_2ij) (Quality_3ij)...(Quality_nij)(1/4)



Soil Quality Index

Scores     Classes

1 >70 cm

1.5 30-70 cm

2           <20 cm

Soil

Parental rock

Texture

Limestone %

Soil depth

Drainage

Slope

Scores     Classes

1        < 6%   

1.33    6-18 %

1.66   18-35 %       

2       > 35%



Soil Quality Index



Management Quality Index

Management

Intensity of Land 

Use 

Policy 

implementation

Class Score Class Score Class Score Class Score

< 200 1 >40 1 >40 1 <10 1

200 - 400 1.33 30 - 40 1.33 30 - 40 1.33 10 - 20 1.33

400 - 500 1.66 20 - 30 1.66 20 - 30 1.66 20 - 30 1.66

>500 2 <20 2 <20 2 >30 2

Elderly Index Employed Index Illiteracy Index Retirement Index



Management Quality Index



Climate Quality Index



Vegetation Quality Index

Vegetation

Plant Cover 

Fire Risk

Erosion 

Protection

Drought 

Resistance  

High

Moderate

Low

Class  Score Class Score Class Score

Urban, Water N Urban, Water N Urban, Water N

Mixed Mediterranean 

macchia-Evergreen 

forests

1
Mixed Mediterranean 

macchia-Evergreen 

forests

1

Barren; Permanent Agriculture;Crops

1

Mediterranean Macchia, 

Conifer
1.2

Conifer, Deciduous, 

Olives
1.25

Cereals; Grassland; Dedicious; Mixed 

Mediterranean macchia-Evergreen forests
1.33

Dedicious; Permanent 

Grassland
1.4

Permanent Agriculture
1.5

Mediterranenan macchia
1.66

Evergreen Permanent 

Agriculture
1.6

Permanent grasslands
1.75

Conifer
2

Dedicious Permanent 

Agriculture
1.8

Crops; Barren
2

Crops; Vines; Barren 2

Class % Score

>40 1

40 - 10 1.33

<10 1.66

Plant Cover

Fire RiskErosion Protection Drought Resistance



Environmental Sensitivity

Risk Rank % Total Surface

Low or negligible 38.6

Medium 54.7

High 6.7



Analysis of Main Contributing 

Factor



SALUS Simulation of Soil Degradation 
Mitigation Measures Scenarios

Mean ES: 

0.4977

Mean

ES: 0.36

Mean 

ES: 0.27

Risk Rank ES scenario 1 scenario 2

Low or negligible 38.6 46.63 54.14

Medium 54.7 53.26 45.86

High 6.7 0.11 0

                                       % Total Surface







• Different irrigation amount under the same weather 

and soil type



Conventional 
Tillage

Conventional 
Tillage

High-resolution 2-D resistivity tomographyHigh-resolution 2-D resistivity tomography

No TillageNo Tillage

No Tillage after a 
tillage event

No Tillage after a 
tillage event





Side viewSide view
frameframe

nozzlenozzle

NearInfratedNearInfrated

sensorsensor



Vision of the farm of tomorrow

Analysis of management strategies and required compliance to standards

Analysis and specification of knowledge based farm management

Knowledge management in the FMIS of tomorrow

Socio-economic, environmental imapct and technology assessment

Influences of robotics and biofuels on economic and energetic efficiencies of farm production

Generalisation, integration, application and dissemination

Project coordination and exploitation



4848

Internet PromotionInternet Promotion

Rural Village Rural Village Leisure  AgricultureLeisure  Agriculture

Farm coffee beautyFarm coffee beauty LOHASLOHAS



210.6 m   N 23 48210.6 m   N 23 48’’ 46.0346.03”” E 120 26E 120 26’’ 8.958.95””

休休
耕耕
地地

新新
收收
割割
稻稻
作作

新新
收收
割割
稻稻
作作

未未
收收
割割
稻稻
作作

已已
收收
割割
稻稻
作作

已已
收收
割割
稻稻
作作

已已
收收
割割
稻稻
作作

未未
收收
割割
稻稻
作作 網室蔬菜網室蔬菜

網室蔬菜網室蔬菜

比例尺比例尺 11：：16001600

航高航高 緯度緯度 經度經度

0.3 ha0.3 ha 0.2 ha0.2 ha

0.45 ha0.45 ha

0.41 ha0.41 ha

0.84 ha0.84 ha

0.36 ha0.36 ha

0.26 0.26 

haha

0.22 0.22 
haha

0.24 0.24 
haha

0.23 0.23 
haha

Greenhouse in Sicily: high value crops, herbs, flowersUrban area and agricultural land integrated in Naples Metropolitan



Before ... … After

Example of Land consolidation scheme in the Netherlands



115 ha

69 ha

From Jack Damen



15.1Total cost (Meuro)

2.20Consolidation 

ratio

22.2 ha10.1Parcel size

2.44.8Parcels per farm

231543Nr. of parcels

95114Nr. of farms

AfterBefore



TraceabilityTraceability



CommunityCommunityCommunityCommunity

eeee----PortfolioPortfolioPortfolioPortfolio

CommunityCommunityCommunityCommunity

eeee----PortfolioPortfolioPortfolioPortfolio

3.Portfolio

4.Result

5.Feedback2.Contents

1.Goal Setup 6.Learning

e -Platform

Bottom Bottom Bottom Bottom ––––UpUpUpUp
InputInputInputInput

TopTopTopTop----Down Down Down Down 
ManagementManagementManagementManagement

Internal DataInternal DataInternal DataInternal Data
WarehouseWarehouseWarehouseWarehouse

External DataExternal DataExternal DataExternal Data
WarehouseWarehouseWarehouseWarehouse I.C.T.

DisplayDisplayDisplayDisplay

Rural Village RivitalizationRural Village Rivitalization



ISO 9001:2008
ISO 14001
EMAS

ISO 14040 LCA
PEFC
EPD
Emission trading
ISO 14064 Gas serra
Certificazione energetica

Biomass
SA 8000
AA1000
ISO 22000
HACCP
BRC (GSFS)

IFS
GOST R e Ukr
Food 
Controlled ChainFiliera controllata
UNI 10939
UNI 11020

ISO 22005
GLOBALGAP(Eurepgap)
Hygienic Design
QWeb

Web Accessability

Organic from small farm
QS
DOP

IGP
STG
Certified Meat
Agriquality
Organic large farm
Fami-QS

GMP+
Codex Assalzoo
BRC/IoP (GSPP)
GMP FEFCO/ESBO
UNI EN 15539
BRC Storage & Distibution (GSSD)

IFS logistic (ILS)
Certificazione di servizio
UNI 11034
UNI 10865
UNI 10670
UNI 10881

UNI 10600
UNI 10668
UNI EN 14804
Site specific Trade marks 
ISO 27001
ISO 20000

Risk Management
Sabotaggio (tampering)
OHSAS 18001
Inspections

CERTIFICATIONSCERTIFICATIONS

1300 certified with EMAS
12.500 ISO14001



Insight to Taiwan AgricultureInsight to Taiwan Agriculture

GOALS

• Adopt best management strategies for sustainable 

farming systems – Reconcile productivity (quantity and 
quality) with environmental integrity

• Guarantee food safety processes through Traceability 

• Reward farmers for producing high quality product 

and/or services – improve farmers income

• Cultivate new high value crops (herbs, medicinal plants)

• Reduce chain between farmers and final end-user





Recommendation for Taiwan AgricultureRecommendation for Taiwan Agriculture

ACTIONS

Create an up to date Geographical information system 

(available recent data and new remote sensing imagery 
to indentify demonstration areas and site specific constraints)

Adopt a decision support system with spatial modeling 
to evaluate potential scenarios (best management strategies 
under new global treats - climate change, soil degradation

Promote appropriate land use – from high quality crops to 
rural turism activities

Provide incentives for ecosystem services and environmental
integrity

Favourable loans for purchasing land or for investements in
techonologies (ICT, robotics)

Invest in multidisciplinary research projects





The choices we make today in how we use land and 

water resources will have enormous consequences 
on the future sustainability of earth’s ecosystems and 
the services they provide.

ConclusionConclusion

Sustainable agriculture will require that society appropriately

rewards farmers and other agriculturalists for the
production of both food and ecosystem services. 

To value and manage agricultural landscapes for multiple 
ecological services will require the integration of ecological 
and socioeconomic research, policy innovation, and public 

education



The word "mosaic" derives from the Greek: 
"patient work, worthy of the Muses". 

ConclusionsConclusions

Gail Larned, Columbus, Ohio
Mosaic in Pompeii Mosaic landscape

Conservation Agriculture

Precision Agriculture

Mosaic Agriculture
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