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I rr igated product ion in sem i- ar id & 

ar id environm ents ( Mediterranean)

Main irrigated extensive systems:
olive orchards and vineyards 
cereals-based systems

Southern Europe
irrigated maize-based systems
North Afr ica
wheat (supplemental) irrigation



Southern Europe
irr igated m aize- based system s

Unprotected soil during autumn and winter
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Developm ent of 
sprinkler and drip irr igat ion

irr igated crops into hilly lands

Southern Europe
irr igated m aize- based system s











CONSERVATI ON AGRI CULTURE
the w ay to go?

Minim um m echanical 
soil disturbance
Perm anent soil cover
Diversificat ion of crop species
grow n in sequence or
associat ions

www.fao.org

http://www.fao.org


www.caapas.org

Confederação Am ericana de Associações 
para Agricultura Sustentável

CAAPAS

CONSERVATI ON AGRI CULTURE

There is no single recipe   

Needs local adaptat ion

Close collaborat ion of actors

http://www.caapas.org


Cult ivated area under No- t illage 
( hectares)

COUNTRY

 

1998/99 

 

2003/07

 

% cultivated land

 

U.S.A.  19 347 000 

 

26 500 000

 

15 

Brazil  11 200 000 25 502 000

 

38 

Argentina  7.270.000 

 

19 719 000

 

59 

Canada  4.080.000 13 481 000

 

26 

Australia  1.000.000 

 

9 000 000

 

20 

Paraguay  790.000 

 

2 094 000

 

48 

Mexico  500.000 

 

22 800

 

<1 

Bolivia  200.000 

 

706 000

 

18 

Chile  96.000 120 000

 

7 

Uruguay  50.000 

 

553 900

 

40 

Kazakstan 0 600 000

 

3 

Others  1.000.000 

 

1 568 000

  

Total  45.533.000 98 300 268

   

FAO AQUASTAT (2010)



(ECAF 2006/07)

Country

Minimum 
tillage 

(1000 ha)

No-till    
(1000 ha)

Cover crops jn 
perennial 

crops 
(1000 ha)

Total surface 
CA (1000 ha)

% 
CA / arable land

10%? 
Irrigated CA

(1000 ha)

Belgium 140 n.d. n.a. 140 17.2 14

Denmark 230 n.d. n.a. 230 10.1 23
Finland 550 200 n.a. 750 34.1 75

France 3750 150 n.a. 3900 21.1 390
Germany 2300 200 n.a. 2500 21.2 250
Greece 230 100 n.a. 430 15.8 43
Ireland 10 n.d. n.a. 10 0.9 1
Italy 480 80 n.a. 560 6.8 56
Hungary 490 10 n.a. 500 10.8 50
Portugal 300 80 30 410 20.6 41
Russia 15000 500 n.a. 15500 12.6 1550

Slovak Rep 320 130 7 457 31.9 46
Spain 1500 700 850 3050 22.2 305
Switzerland 80 12 10 102 24.9 10
UK 2500 180 n.a. 2680 46.6 268

Total 27880 2342 31220 15.7 3122

Conservat ion Agriculture in Europe



orange orchard

vineyard

plum s orchard

olive orchard

Cover crops: com pet it ion for w ater and nutr ients



I rr igated cereal- based system s

Conservat ion agriculture
in m aize- based system s  
Southern Spain

Looking for sustainable
irr igated agriculture w ith
sm all poor farm ers
Mauritania



Residues covering the soil results

in low Tº at sow ing and slow grow th

Soil com pact ion

R Calleja; com m ercial farm ; Córdoba



USE OF PERMAMENT BEDS 

I N SPI TE OF CENTRAL PI VOT 

I RRI GATI ON

Residues m anagem ent :

shoved to bot tom of furrow s 

2 w eeks before sow ing 

soil Tº & arm adillo bugs & slugs



Perm am ent bed system ( Córdoba, Sp)



Establishment

A crop row is established 

5 cm from the top centre

Following year: crop sown 
at the other side, 10 cm 
apart from preceding crop

Perm am ent bed system ( Córdoba, Sp)



Perm am ent bed system ( Córdoba, Sp)



9 5 cm inter row s cotton harvester

Controlled t raffic & 

high flotat ion t ires

Deep r ipping in t rafficked furrow s 

after cot ton harvest

Perm am ent bed system ( Córdoba, Sp)



Perm am ent bed system ( Córdoba, Sp)
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MAI ZE grain yield
from 2 paddocks
1: PB introduced in 2001 
2: PB introduced in 2005

W as m aize yield affected?



SOM in the top and the bottom in the PB
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How w as soil organic m at ter affected 
w ith the new residues dist r ibut ion?

Perm am ent bed system ( Córdoba, Sp)

Water stable aggregate in the top of the bed 
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Current 
applied 
irr igat ion 
reduced 
by 2 0 %
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Perm am ent bed system ( Córdoba, Sp)

w ere irr igat ion needs reduced?



Institute of Sustainable Agriculture
CSIC, Córdoba, Spain

Perm anent beds & m ulch
Convent ional beds & 
residues incorporated w ith t illage

+T +T +T-T -T

Experim ent : new vs convent ional

Perm am ent bed system ( Córdoba, Sp)

Controlled t raffic
Furrow s + / - w heel t raffic



I rr igated cereal- based system s 
PERMANENT BEDS – K. SAYRE

CIMMYT®

International Maize and Wheat Improvement CenterInternational Maize and Wheat Improvement Center



Crop grow th and yield
Year 0 : cot ton, a ll convent ional
Year 1 : m aize PB & CB

Experim ent : new vs convent ional

Perm am ent bed system ( Córdoba, Sp)

LAI 
61 dap

LAI 
90 dap

AGDW
t / ha

Yield
t / ha

PB 2 .0 6 b 4 .6 3 a 2 6 .9 8 a 1 5 .8 0 a

CB 2 .3 1 a 4 .0 3 b 2 4 .6 5 b 1 4 .6 4 b



Experim ent : new vs convent ional

Perm am ent bed system ( Córdoba, Sp)

Evapotranspirat ion
Year 0 : cot ton, a ll convent ional
Year 1 : m aize PB & CB

maize ET
mm

W P gy
kg ha-1 mm-1

W P by
kg ha-1 mm-1

PB 6 9 6 a 2 2 .8 a 3 8 .7 a

CB 6 8 9 a 2 0 .3 a 3 4 .5 b



Experim ent : new vs convent ional

Perm am ent bed system ( Córdoba, Sp)

Soil w ater infilt rat ion & erosion

Furrow / bed scale ( 1 4 0 m x 0 .8 5 m ) : 
sprinkler irr igat ion sim ulat ion 

Sm all scale ( 0 .9 x 0 .9 m 2)
Rainfall sim ulator I nfiAsper2 

Alves Sobrinho et a l. 2 0 0 7



Sprinkler irr igat ion sim ulat ion



Sprinkler irr igat ion sim ulat ion
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Experim ent : new vs convent ional

Perm am ent bed system ( Córdoba, Sp)

Soil w ater infilt rat ion & erosion

I rr igat ion m anagem ent pract ices 
ident ified for hom ogeneous soil 
m anagem ent 

need to be revised in PB CTrf



Experim ent : new vs convent ional

Perm am ent bed system ( Córdoba, Sp)

Soil w ater infilt rat ion & erosion

Model: sprinkler w ater applicat ion 
& soil infilt rat ion and runoff

sim ulate irr igat ion perform ance
5 irr igat ion perform ers
operat ion diagram s guidelines



Alves Sobrinho et a l., 2 0 0 7

Rainfall intensities 30-150 l m-2h-1

Overland flow intensities 94-573 l m-2h-1



PB 80% less soil loss than CB
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Experim ent : new vs convent ional

Perm am ent bed system ( Córdoba, Sp)



• Revise irr igat ion m anagem ent pract ices

FUTURE on- farm / on- stat ion

Perm am ent bed system ( Córdoba, Sp)

• Evaluate controlled t raffic & sporadic

t illage to avoid or relieve soil com pact ion

• Evaluate w ater and soil saving time, space

• Study off- site m ovem ent of herbicides &

sedim ents

• Evaluat ion of genotypes for perm anent bed

system s and direct seeding



FUTURE

Perm am ent bed system ( Córdoba, Sp)

Researchers
(multidisciplinary)

Com panies
(mechanization,
herbicides,…)

Farm ers
(Associations)

Training 
On-f experiments
On-s experiments



Part icipatory research in agronom y

… refers to applied research 
specifically designed to answ er 
quest ions in close collaborat ion 
w ith farm ers.

Part icular ly im portant w hen 
w eak extension ( and research)



Sustainability of irr igated 
agriculture in Mauritania

Coopératives du 
producteurs du riz

OBJECTIVES:

Examine irrigation perimeters
Look for alternatives to rice when needed
Set sound basis for rehabilitation





Sorgho ou 
maïs

Sorgho ou 
Maïs + 

Niébé ou 
Repousse

Riz

DécNovOctSeptAoûtJuillJuin

Semis Repiquage Récolte

Pré-irrigation 
& semis

Récolte

Pré-irrigation 
& semis

Récolte

Sorgho ou 
Maïs

Niébé

Récolte

Mauritania - Com pared system s

Repousse

Récolte

Semis

Rice

Sorghum

Maize



Mauritania – 1 0 6 farm ers 2 0 0 9
each farm er one t reatm ent

Poor leveling



SORGHUM  MAI ZE  RI CE

sorgho maïs riz sorgho maïs riz

2007 6 4 5 444 430 529

2008 4 3 7 311 320 603

2009 4 4 5 210 268 501

MOY 4 4 6 306 347 557

Nb irrigations Quantité d'eau (mm)
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Heavy soils
Rice crop is profitable in farms 
with heavy soil of low  
permeability

Mixed soils
the high irrigation frequency 
required by rice is not possible 
due to scheme design 
constraints

rice cultivation is questionable 

sorghum, requiring less water, 
is a profitable alternative

Gómez Macpherson et al., 2005

Mauritania

Adopt ion of sorghum



Sustainability of irr igated 
agriculture in Mauritania FUTURE

• I m prove agronom y of sorghum & 

m aize w ith lim ited resources:

Evaluate localized fert ilizat ion

Conservat ion agriculture & residues

conflict

• I m prove double cropping ( cow pea) system



http://www.wcca2011.org/

5 th W orld Congress of Conservat ion Agriculture
26-29 September 2011

http://www.wcca2011.org/





