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I ntroduction 
Odivelas is a small irri­

gation scheme, with about 
15.000 hectares, in the 
South of Portugal (NUTS 
II, Alentejo regio n) that 
wilI be increased by new 
12.000 irrigated hectares 
as a consequence of the 
Alqueva dam, a large Eu­
ropean project stilI under 
construction in the regio n 
of Baixo Alentejo. Alque­
va is a multipurpose pro­
ject based on the construc­
tion of a dam on the Gua­
diana river. This dam will 
permit to explore the big­
gest water lake in Europe 
(250 km2

) , for irrigated 
agriculture (110.000 hecta­
res) , energy production, 
leisure and tourism activi­
,ties. 

This paper is based on 
the information of a pre­
vious study conduced by 
Coelho et. al. (1998) and is 
organised around three 
basic and important ques­
tions related to the plan­
ning of agricultural pro­
duction systems for the 
new irrigation areas under 
the influence of the AI­
queva dam. These three 
questions are: 

Jel classification: 0150, C610, Rll0 

Abstract 
This paper is about the planning of cropping systems for the new irrigation ar­
eas under the influence of the Alqueva dam. It is based on the case study of the 
Odivelas irrigation scheme, over the period from 1997 to 2005. 

The conclusions ofthis study points out that the future crop alternati ves for the 
Odivelas irrigation scheme have to be found among new crops and cropping 
systems that are more economically-valuable and less water consuming. Those 
could include low input extensive irrigated crops and high input intensive irri­
gated crops. The success of the expansion of irrigation schemes in the Alente­
jo region relies on the development of actions/policies that allow and support 
the development of those crops. Among these actions we can suggest the fol­
lowing priori ti es: impose limitations on water use; subsidise price of water; 
implement fixed land taxes; develop extension services; develop marketing 
and processing faciliti es; provide irrigation equipment and farm machinery to 
rent; modify land tenure legislation; reassess field size limitations and consid­
er alternati ves to improve the performance of small fields; and, reassess soil 
conditions such as drainage, salinity, pH and slope. 

Résumé 
Dans ce tra va il, on passe en revue la planification des systèmes de culture 
pour des zones où l'irrigation a récemment été introduite, sous l'irifluence du 
barrage d'Alqueva. Une étude de cas est présentée concernant le périmètre ir­
rigué d'Odivelas, dans une période comprise entre 1997 et 2005. 

Les conclusions indiquent qu'à l'avenir, les alternatives dans le périmètre 
d'Odivelas doivent etre cherchées parmi des cultures nouvel/es et des sys­
tèmes de culture innovants, économiquement valables et garantissant des é­
conomies d'eau. Parmi les solutions possibles, on pourrait préconiser des cul­
tures irriguées extensives et àfaible apport d'intrants et des cultures irriguées 
àfort apport d'intrants. Le succès de I 'expansion des périmètres irrigués dans 
la région de I 'A lentejo réside dans la mise en oeuvre d 'actions/politiques per­
mettant et soutenant le développement de ces cultures. A ce su jet, il est bon de 
souligner les priorités suivantes : imposer des limites sur l'utilisation de l 'eau 
; subventionner le prix de l'eau; appliquer un impotfoncier fixe; promouvoir 
les services de vulgarisation ; développer des structures pour la commercial­
isation et la transformation ; fournir les équipements pour l'irrigation et les 
machines agricoles à louer ; modifier la législation sur le régime foncier ; 
réévaluer les limitations de la taille des parcel/es et considérer des alterna­
tives pour améliorer la performance des petites parcel/es. En fina I, il serait 
aussi nécessaire de réévaluer les conditions du sol tel/es le drainage, la salin­
ité, le pH et la pente. 

2. What are the levels 
of water requirements 
and the economic thres­
holds (in face of different 
time and price of water 
scenarios) of the possible 
crops? 

3. What is the econo­
mic viability, in the 2005 
year scenario, of the pos­
sible crops and the pro­
duction systems, integra­
ted by them? 

The answer to these 
questions is searched insi­
de the particular environ­
ment (climate and soils) 
observed in the areas do­
minated by the Alqueva 
dam. 

1. What crops 
may be cultivated 
under the ecologi­
cal and structural 
conditions and li­
mitations of the 
considered area? 

With climate and soil 
regional data (Meteorolo­
gical Station of Beja and 
Rainfall Station of Ferrei­
ra do Alentejo), we have 

1. What crops may be cultivated under the ecological 
and structural conditions and limitations of the conside­
red area? 

run the Ecocrop, FAO 
model (FAO, 1983; FAO, 1985), for the selection of the 
crops welI adapted to the climate and soil conditions of 
the region. Once we had no climate variation inside the 
Odivelas regio n, the climate factors and the characteristics 
used in the model parameterisation are constant, and exp­
ress a Csa climate type of Koppen Classification. 

*Professors and 'f'fphD student of the Instituto Superior de Agrono­
mia, Tapada da Ajuda, Lisboa, Portugal 
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The soil was then the only factor of expression of the 
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ecological variability inside the region. The soil parame­
ters used were: the pH; the soil texture; and the soil effec­
tive depth. T able 1 shows the characteristics defined and 
used in the model running. It is to note that the soil ef­
fective depth is classified in three categories, according to 
the model specifications: shallow - soil depth lower than 
50 cm; medium - soil depth between 50 and 150 cm; deep 
- soil depth greater than 150 cm. We may argue that this 
category criterion, defined by the model developers, is 
too large for the type of soils that exist in the region, but 
we have respected it. 

Table 1. Soil paramelers required far the 
use of the Ecocrop model 

Soil Family pH Texture LJepth 

Cambisols 5.5 L S 

Dystric Luvisols 6.0 L S 

Cal cic Luvisols 6.5 M M 

Vertisols 7.5 H D 

Fluvi 5015 8.0 H M 

Cal cisols 8.0 M M 

H - Hea vy ; M - Medium; L - Light; D - Deep; 
5 - Shallow 

The crop selec­
tion was conducted 
in a step-by-step 
procedure, starting 
from a database in­
cluding 1200 crops 
(Ecocrop data ba­
se). The process 
had involved the 
following 5 steps: 

1) Koppen Clima­
te: elimination of 
all the species not 
adapted to the Csa 

Koppen climate type (mesothermic, with at least one 
month with medium air temperature greater than lOoC, 
colder month with medium air temperature between O°C 
and 17°C, warmer month with medium air temperature 
greater than 20°C, and rainfall concentrated in the cold 
year season); 

2) Soils: elimination of all the species, the soil requi­
rements are not satisfied by any of the soils considered; 

3) Forest and spontaneous weed species: elimination 
of all forest species and of all herbaceous species that, 
acco~di?g to the Ecocrop specifications, have no agro­
nomlC lllterest; 

4) Water Regime: elimination of the species with a 
strong desert or mountain water regime; 

5) Pla:nt life cycle (thermal regime): elimination of the 
species with a minimum life crop cycle duration higher 
than any continuous year period inside which the 10-
wer minimum temperature registered is higher than the 
value of the criticallow temperature requirement of the 
crop (variable with the life stadium of the plant). 

T able 2 shows the number of crop species selected in 
the end of each step. 

The obtained results have to be seen with caution be­
cause the criteria that have been used are very exigent 
and particularly not well adapted to perennial species. 
In respect to the climatic factors we may say that all the 
species selected are well adapted to local weather condi­
tions. However an intra-species study (varieties) should 
be recommended for some crops. 

In generaI terms, the conclusions of this selection pro-

Table 2. Number of crop spedes selected in the end of each 
step 

T ested Con diti on 5 Number 
of species 
selected 

(Beginning) 1200 

Step 1 - Kbppen CI imate 577 

Step 2 - Soils 396 

Step 3 - Forest and spontaneous weed 5 peci es 310 

Step 4 - Water Regime 297 

Step 5 - Pian t life cycle 250 

cess are very predictable. In the acid and light soils we 
found a great percentage of forages among the possible 
crops; in the neutral pH and heavy soils we found the 
usual non irrigated regional crops (wheat, barley, oats, tri­
ticale and sunflower); and in the deep soils we also found 
tree species, although many are rejected by the presence 
of drainage problems. 

F rom the agro-ecological selection, that we have descri­
bed, a total of 250 species have been identified as possible 
crops to be grown in the region. F rom those, taking into 
consideration other aspects related to the social (age, edu­
cation), cultural (agricultural system traditions), structural 
(farm size and fragmentation) and economic (prices and 
markets) conditions prevailing in the region, we have re­
tained, for subsequent analysis, the crops listed in Table 3. 

The criteria that have been used in the selection of the­
se crops are indeed subjective. Nevertheless they were 
conform to the specific restrictions prevailing in the re-

Table 3. Possible and representative crqJs selected 

5ys tem Group Crop Crop use 

Non irrigated Cereals Wheat (50ft) Industry 

Wheat (dwarf) Industry 

Oat Industry 

Barley Industry 

Triticale Industry 

Forages/sila ges Ryegrass Hay/Silage 

Oat + comm. vetch Hay 

Others Sunflower Ind ustry 

Irrigated Cereals/ ~ain Maize Industry 

Wheat (50ft) Industry 

Wheat (dwarf) Industry 

Forages/sila ges Sorghum Silage 

Maize Silage 

Hortic ultural Lettuce Fresh consump:ion 

Potato Fresh consump:ion 

Potato Industry 

Onion Fresh consump:ion 

Broccoli Fresh consump:ion 

Melon Fresh consump:ion 

Green pepper Fresh consump:ion 

Tomato Industry 

Others Sugar beet Industry 

Sunflower Industry 

Perenni al trees Olive tree Industry 

4 
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Table 4 . Crop month and total water irrigation requirements (m m) 

Irrigated crops OCT ... APR MAY JUN JUL AUG SEP Total 

Lettuce 11 .9 79.0 29.8 120.7 
Potat o f resh con sum ptio n 41.8 116.4 158.2 

Sugar beet 10.0 79 .3 92.1 181.4 
Onion 51.8 72.3 144.5 137.5 406.1 
Broccoli 10.0 30.0 40 .0 

Su nflower 118.4 166.1 284.5 
Melon 14.6 64.0 137.6 174.5 390.7 

Maize (grain) 39.7 133.6 234.2 147.0 554.5 
Maize (sila~) 39.7 133.6 214.2 212.9 600.4 

Pruitt (1984) and Doorenbos 
& Kassam (1987), we have 
performed a water require­
ment estimate for each crop. 
The simulation was con­
ducted with the model Is­
areg (Teixeira, 1994), under 
the assumption of an opti 
strategy. The results of the 
model performed are 
showed in Table 4. 

Table 5 shows the real and 
total crop water requirement 
is a consequence of the 
soillplant useful water ca­
pacity and the efficiency of 
the irrigation method. Rain­

Olive trees 103 .9 93.1 93.1 290.1 
Green pepper 14 .6 37.2 143.7 196.7 181.6 88.6 662.4 

5Dr ltJ um (s ilage) 72.1 149.1 204.9 80.2 506.3 

Tomato (industry) 14.6 22.7 162.3 248.4 90.7 538.7 
Wheat 55.2 98.7 153.9 

gion. From those, the most important are: the represen- type methods include centre pivots, sprinklers and rain 
tativeness and the economie importance of the crop; and 
the potential of the crop maintenance or expansion that 
we may expect under a scenario of introduction or ex­
pansion of the agricultural irrigated area. 

By these rules we have included not only the main re­
presentative crops of the non-irrigated systems (wheat, 
barley, oat and sunflower) and of the irrigated .systems 
(maize, sunflower, wheat, and tornato) of the reglOn, but 
also the following ones: 

- Other crops that, despite their lower expression in the 
region, have being cultivated with success as crop alterr:a­
tives to the traditional cropping system (ex. sugar beet, lr-
rigated olive trees); .. 

- Non irrigated and irrigated forages and stlag.es, wlth 
the purpose of evaluating their expansion potenual, assu­
ming a better and more tied integration be~ween the crops 
and animaI production systems of the reglOn;. . 

- Horticultural crops for fresh use or llldustnal 
consumption that, despite their lower expression in the 

guns. 

2.2. Estimation of the economie thresholds (in 
face of different time and price of water 
scenarios) of the possible crops 

The economic characterization of agricultural technolo­
gies is always a very difficult task to perform, d~e to the 
great variability of the factors that are to. be co~sldered. If 
at the leve l of the inputs there are some dlfficultles to over­
come it is at the level of the productivities and sale prices 
that the problem realIy poses. Rain-fed crops, particl!larly 
under a Mediterranean climate like the one we have In the 
Odivelas and supported by a common market and policy or­
ganization like the CAP, have typical.ly more variabili~ in 
cop productivities than in product pnces; we may say Just 
the opposite for irrigated crops that don't benefit from ~ny 
specific common market policy, like fresh consumptlOn 
horticultural products; irrigated crops with well-known 

region, could become very important cash crops; 
due to the difficulty of the estimation of the fu­
ture conditions of commercialisation of these 

Table 5. Irrigation crop water requirement estimates 

Usefu I 
crops (prices and markets), w~ hav~ decided to Irrigated Crop 

study a wide range of crops lllcludlllg melon, 
broccoli, green pepper, lettuce, potato and Lettuce 

Irrigation 
method water 

capacity 
(mm) 

ffficien cy Real water 

(%) req uirement 
(m'I ha) 

onlOn. 

2. What are the levels of water re­
quirements and the economie 
thresholds (in face of different ti­
me and price of water scenarios) 
of the possible crops? 

2. l. Water requirements estimate 

Based on the standards of local rainfall and po­
tential evapotranspiration, and on soil and plant pa­
rameters extracted or adapted from Doorenbos & 

Potato fresh cnnsumption 

Sugar beet 

Onion 

Broccoli 

Sunflower 

Melon 

Maize corn 

Maize s ilage 

O live trees 

Green pepper 

Sorghum silage 

Processing tomato 

Wheat 

5 

Drip irri gation 

Rain-type 

Rain-type 

Rain-type 

Rain-type 

Rain-type 

Drip irrigation 

Rain-type 

Rain-type 

Drip irrigation 

Drip irrigation 

Rain-type 

Drip irrigation 

Rain-type 

120.7 

158.2 

181.4 

406.1 

40.0 

284.5 

390.7 

554.5 

600.4 

290.1 

662.4 

506.3 

538.7 

153.9 

90 

70 

70 

70 

70 

70 

90 
70 

70 

90 

90 

70 

90 

70 

1341 

2260 

2591 

5801 

571 

4064 

4341 

7921 

8577 

3223 

7360 

7233 

5986 

2199 
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Table 6. Producuvity ard price assumptions considered in the construction ofthe 1997 and 2005 farmers and discussed with 
technicians and farm products 
clients; 

scenarios 

Ternnology 1997 

Produtiv. Product Product 

(kg) price subs idy 
(eg:!kg) (esc!kg) 

Lettu ce dr i p irrigati on 22000 60.0 
Oat 1600 28.6 

Oat + comm. vetch 5200 17.0 

Ryegrass silage 32000 7.0 

Potato fresh consumption rain irrigation 35000 22.0 
system 

Su~r beet rain i rrigation system 50000 9.8 

Onion rain irrigati on system 24000 40.0 

Rainfed barley 1900 27.2 9.4 
Broccoli rain irrigation system 13000 49.0 

Su nflower rain i rri gation system 1800 43.9 

Rainfed su nflower 600 43.9 

Melon drip irrigation 14500 50.0 
Maize com rain irrigation system 11000 27.3 7.4 

Maize s ilage rai n i rrigation sys tem 60000 7.0 

Olive tre es drip irrigation 2700 80.0 

Green pepper drip irrigation 35000 35.0 

Sorghum silage rain irrigation system 75000 6.0 
PrOCE$ ing tomato drip irrigation 70000 18.6 

Soft wh eat rain i rrigation system 5000 29.8 14 .9 

Rainfed soft w heat 2100 29.8 14.9 

Dwarfw heat rain irrigation system 4500 39.9 

Rainfed dwarf wheat 2000 39.9 

Rainfed tritic aie 1700 27.6 9.4 

sal es prices, like those produced for industriai use (potato, 
tornato, wheat, barley, .. . ), are obviously the easiest and the 
most accurate to study in economi c terms. 

One way or another, the study of the representative crop 
economic accounts of one region is always a long and hard 
task. The study which this work is based on, had followed 
a few and clear assumptions that are important to remem­
ber: 

- use of price products and factors scenarios for the 1997 
and 2005 years; 

- ali the machines (except irrigation ones) and respective 
operators' time requirements are considered to be rented, so 
the machinery plus operator cost is considered to be equal 
to the renting price; 

- the operation times are considered to be equal to the ex­
ecution ones; 

- the base price of water for irrigation was considered to 
be equal to lO escudos/m3

, as this is the usual price coliect­
ed in other irrigation schemes of Alentejo, where the water 
is distributed under pressure1

; 

- costs of irrigation equipment were considered sepa­
rately; 

- the crop productivities were defined in a subjective 
manner, taking into account the values declared by the 

l 1 euro = 200,482 escudos; 103 escudos a 5 euros 
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Area 
subsidy 
(esc!ha) 

29600 

24000 

29600 

109500 

51900 

85000 

49200 

29600 

120300 

101200 

29600 

2005 

Product Compensato 
price ryaid 

(esc!kg) (esc!ha) 

60.0 

20.9 29600 

13.6 

5.6 

22.0 

8.2 

40.0 

16.9 29600 
49.0 

4 3.8 109500 

43.8 51900 

50.0 

20.3 85000 

5.6 

78.0 

35.0 

4.8 

15.7 

24.3 49200 

24.3 29600 

32.7 120300 

32.7 101200 

22.0 29600 

- cereals, sunflower and sug­
ar beet prices include ali prod­
uct and area CAP subsidies; 

- pnces for horticultural 
products were indicated by usu­
al industriai clients or derived 
from the study of large market 
month prices series. 

Table 6 shows the productivi­
ty and price assumptions con­
sidered in the construction of 
the 1997 and 2005 scenarios. 

Given the above-described 
assumptions, it is to notice that 
the economic results presented 
in Table 7 aren't exactly gross 
margins as they take into ac­
count some fixed costs related 
to the amortization ofthe irriga­
tion equipment. From the 
analysis of those economic re­
sults, we can conclude: 

- for the considered condi­
tions, namely the water price of 
lO escudos/m3

, and excluding 
the cases of the sunflower and 
the olive trees, the irrigated 
crops always have higher mar­

gins than the rainfed crops; 
- excluding the wharf wheat, ali the other rainfed crops 

have margins lower than 50000 escudos/ha; 
- excluding the cases of the sunflower and the olive trees, 

ali the other irrigated crops have margins higher than 80000 
escudos/ha. However it is to notice that the productivity 
considered for those two crops (sunflower and olive trees) 
are lower than it could be expected from the technology 
supposed (olive trees could easily reach 4000 kg/ha and 
sunflower 2500 kg/ha); 

- excluding the wharf wheat, all the other generally se­
lected crops possibly cultivable in all the scheme (soft 
wheat, triticale and sunflower) have margins under 35 con­
tos/ha; 

- in the first scenario (1997) there are several irrigated 
crops that could be very widely cultivated, considering the 
ecological and technical restrictions, in the scheme, and 
that simultaneously generate high economic retums; the 
more expressive examples include sugar beet (that could be 
cultivated in 45.1 % of the scheme area and that has an eco­
nomic margin of 197 contos/ha), processing tornato (54.6% 
ofthe area; 675000 escudos/ha), dwarfwheat (54.9% ofhe 
area; 103000 escudos/ha), sorghum for silage (70.4% ofthe 
area; 112000 escudos/ha), maize for com (70.7% of the 
area; 160000 escudos/ha) and maize for silage (70.7% of 
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Table 7. Economie margins estima ted for the different t echnologies in the context of explained exc1usively by changes in the e­
conomic factors (prices and CAP support 
measures). 

2005 and 1997 scenarios 
Technology Margin 1997 M argin 2005 Varo Var. 

(escudos/ha) (escud os/ha) 2005/1997 2005/ 1997 
(%) In real terrns, and for the period 1997-

2005, we have considered the folIowing e­
conomic changes: 

(escudos/ha) 

Ra infed wheat 50ft 29756 -1 513 -31269 -5 

Ra infed barley 30423 1800 -28623 6 
50ft wheat rain irrigati on system 89544 5912 -83632 7 

Ra infed t ritica le 22585 6011 -1 6574 27 

- a 5% increase in labour costs; 
- a 12% decrease in machine and equip-

Oat + Comm. vetch hay rainfed 17833 7530 -10303 42 ment acquisition costs; 
Ra infed oat 1403 1 9435 4 596 67 - a 14% decrease in the cost of interrne­

diate inputs, except in water cost that re­
mains constant at the level of IO esc/m3

• 

Ry e grass 5 ilage 43589 18380 -25209 42 

0 1 ive trees drip irrigati on 17970 22 548 4578 125 

Maize corn rain irriga tion system 160218 27334 -132884 17 Changes in product subsidies and prices, 
perspective under the CAP environment, 
were eonsidered erop by crop. The already 
mentioned Table 6 resumes alI this infor­
mation. 

M aize silage rain irrigation system 85753 28666 -57087 33 
Sunfl ower rain irrigation system 2423 1 36 001 11770 149 

Ra infed Sunflowff 3 1865 36 409 4544 114 

Sorghum si lage rain irrigation 111 522 
system 

Ra infed dwarf w heat 87286 

Wheat d warf rain irrigation syste m 11 669 4 

Sugar beet rain irrigati on system 19703 1 

Melon drip irrigati on 154822 

Brocoo li rain irrig;ttio n system 230348 

On ion rain irr igation systa-n 220355 

Lettuce drip i rrigatio n 315628 

Grren pepper drip i rrigation 37903 4 

Po tato fresh consumptio n rain 42 1872 
irrigati on system 

49590 -61932 

84 457 -2829 

102662 -1 4032 

121760 -75271 

184327 29505 

26789 1 37543 

3027 16 82361 

338076 22 448 

427036 48002 

457192 35320 

44 

97 

88 

62 

11 9 

11 6 

137 

107 

11 3 

108 

By means of Table 7, already mentioned 
before, we ean compare the economic re­
sults estimated for the crops in the 1997 
and 2005 scenarios. 

Processing tomato drip irrigatio n 67517 1 5378 4 2 -137329 80 

In the transition from the 1997 scenario 
to the 2005 scenario, it is to notiee that the 
economic results of the cereal crops suffer 
a drastic reduction, being the dwarf wheat 
the only exception. In faet in the year 2005, 
only three rainfed crops, from the eight se­
lected and possible ones, possess economie 
margins greater than 10000 escudos/ha: 

the area; 86000 escudos/ha). 
The obtained results, in the context of the 1997 scenario, 

c1early point out the economic advantage of the irrigated 
versus the rainfed crops. However, we should notice that 
this economic advantage is of course very dependent on the 
water price level. The price that we have used (lO escud­
os/m3

) could be, by comparison with other Alentejo 
schemes, considered as a low one. On the other way, as we 
have discussed before, the perspectives of evolutions ofthe 
economie margins of many of the crops considered, name­
ly the traditional ones (wheat, barley, triticale and sun­
flower), are not favourable. It is then prudent and necessary 
to carefully study those two aspects, in order to set the eco­
nomic crop productivity thresholds as a function of water 
and product prices. 

The crop accounts used in the 2005 scenario are, in re­
spect to the technical itineraries, the same that were built 
for the 1997 scenario. This means that we have adopted a 
conservative view of the farrn innovation adoption process 
in the area, given the ti me horizon of 1997-2005; as a con­
sequence, the productivities of the crops do not change. 
This in fact is a to pessimistic perspective, as the recent 10-
cal history of some cops, like the processing tornato, shows 
remarkable crop increases, due to technology changes, like 
the adoption of drip irrigation systems. This limitation how­
ever brings up a direct comparison of the crop margins 
achieved in 1997 and 2005 knowing that the differences are 
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ryegrass for silage; sunflower and dwarf 
wheat. The obtained results c1early put in question the eco­
nomic viability of other rainfed erops (soft wheat, barley, 
tritieale, oat, oaH comm. vetch, ryegrass for hay), if we 
keep in mind that the margins should be enough to cover, a­
mong other non considered costs, the land rent and the 
management work. 

On the other side, none ofthe tree crops with returns over 
than IO contos/ha constitutes, necessarily, a viable alterna­
tive. The expansion of the ryegrass silage erop, besides its 
low margin, depends on the development of the animaI 
production farrning systems. ActualIy only a small percent­
age of the farrners produce animals (26%) being these, in 
the majority of the cases, beef and sheep in extensive 
regimes, that doesn't justify the ryegrass price implicit in 
the erop budget. Sunflower is maybe the most credible al­
ternative in the rainfed erops. However, the compensatory 
subsidy given to the crop (52 cantos/ha), on which the eco­
nomic viability ofthe erop largely depends, is under a great 
pressure, due to the production penalties directly tied to the 
quota regime. Dwarf wheat is the most interesting erop, 
given its margin of 85 contos/ha, but is also the more re­
strieted crop in terrns of growth potential given the small 
amount of quota attributed to Portugal. 

Many ofthe traditional irrigated crops (maize, sunflower, 
olive trees) also seem to be not great alternatives to the rain­
fed erops. Those crops have indeed lower results than the 
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Figure 1. Sensibility analysis to the variation of the water price of the economie margins of se­
veral extensive crops under the 2005 scenario 
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Figure 2. Sensibility analysis to the variation of the water price of the economie margins of 
several horticultural crops under the 2005 scenario 
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very dependent on two criticai 
tasks: first, the renegotiation 
of the Portuguese quotas relat­
ed to dwarf wheat, sugar beet 
and tornato; second, the devel-
opment of an effective innova­
tion and extension program of 
best management irrigation 
practices, that facilitate and 
support the transition from a 
rainfed agriculture to an irri­
gated one. 

Figures 1 and 2 present the 
evolution of the crop margins 
in face of different water price 
scenarios, the price varying 
from 5 esc/ml to 35 5 esc/ml. 
At first sight, we can conclude 
that negative margins start to 
occur at a price of 13 escud­
os/ml (soft wheat and maize) 
and that from 20 escudos/ml, 
only dwarf wheat, sugar beet 
and horticultural crops are vi­
able. 

Figure 1, where large exten-
sive crops are considered, 
clear1y shows that between 13 
escudos/ml and 20 escu­
dos/ml, almost alI of the crops 
become non profitable. Only 
the dwarf wheat and the sugar 
beet resist. In Figure 2, where 
the horticultural crops are re­
ported (for fresh consumption 
or agro-industry) we can see 
that inside the water price 
variation, alI the crops remain 
profitable. 

In Figure 3 we have tried to 
group the crops/technologies 
into four classes, combining 
their profitability and their 

rainfed crops. In these conditions we cannot expect an en­
thusiastic response of the farmers to irrigation. The margin 
ofthe sorghum silage, although high, is, as in the case ofthe 
ryegrass, very dependent on the deve10pment and integra­
tion of the animai component of the systems. 

water consumptions. If we consider the barriers of 250 con­
tos/ha of profitability and 5000 ml/ha of water consump­
tion, it is possible to divide the crops/technologies into four 
groups: 

Excluding these crops, we can only count, for the revival 
of the future irrigated areas, on dwarf wheat, sugar beet, 
horticultural crops (for fresh consumption or for agro-in­
dustries). AlI these crops have high economi c margins, but 
dwarf wheat and sugar beet have to face tied production 
quotas and horticultural crops have to me et strong quality 
exigencies and marketing restrictions. Given this panora­
ma, the success of the new irrigation schemes seems to be 
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• Group I - high profitable and low water consumption 
crops: lettuce, broccoli and potato; 

• Group II - high profitable and high water consumption 
crops: tornato, green pepper and onion; 

• Group III - mediurn/low profitable and low water con­
sumption crops: melons, sugar beet, dwarf wheat; 

• Group IV - mediurn/low profitable and high water con­
sumption crops: maize (com, silage) and sorghum (grain, 
silage). 
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Figure 3, Distribution of the crop technologies by categories of economie results and water 
dertaken by the development of 
the formers. In addition to those 
four, one innovative irrigated 
system is presented, based on 
horticultural crops. All the sys­
tems considered were deve 1-
oped under a series of con­
strains, from which we should 
notice: 

consumption under the 2005 scenario 
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• The sequence of crops were 
decided taking into account the 
basic rules of crop rotations 
construction, namely the mini­
mum recurrence period of the 
principal or head crop of the ro­
tation; 

!Il00 rooo 7O:J3 6000 5O:J0 4000 3000 20O:J 1000 O 

• The two rainfed systems pre­
suppose the existence and the 
integration with an animaI pro­
duction component in the farm, 
which justifies the inclusion of 
some less economie attractive 
crop options (ryegrass or fal­
low); 

Water consumption (m' /ha) • The irrigated systems don't 
include any rainfed crops, even 

3. What is the economie viability, in the 
2005 year scenario, of the possible 
crops and the production systems, inte­
grated by them? 

In the previous analysis, we have considered the crops 
one by one. However, rarely are the crops that can be culti­
vated individually, with success, in monoculture. Even in 
the cases where this practice is technologically possible 
such as in the maize crop, some years later several prob~ 
lems become so evident - crop productivity, soil fertility 
and plant health problems - that put in question the sus­
tainability of the crop/system. In the large majority of the 
crops, namely when the crops are very sensitive to sanitary 
pro~l~ms (like in the tornato crop), it is necessary to respect 
a ml111mum recurrent time period ofthe crop (in the case of 
the. to~ato crop, a 3-4 year period is normally considered). 
ThlS IS the mai n reason to justify the need to study and 
analyse cropping systems, where crop rotations are pro­
posed and evaluated under the assumptions of the 2005 s­
cenario. 

Table 8 summarizes the cropping systems proposed and 
their economie results. The five systems considered intend 
!o cover ~ wide diversity of solutions in order to represent, 
m genenc terms, the possible ecological, technological, 
market and economie system options in Alentejo and under 
the assumptions of the 2005 scenario. These options in­
clude, besides one rainfed and another irrigated traditional 
system, two innovative system proposals that could be un-
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when these are economically attractive; 
• We have decided to pursue a very prudent approach, so 

that every crop included in the five systems exist or did 
exist, in a recent past, in the region. 
From the results presented in Table 8, we can underline 

the low economie results of the rainfed systems. However, 
we should notice, once again, that the good results achieved 
by the irrigated systems are very dependent on the water 
price considered - lO esc/m3 

- and the non consideration of 
any penalty due to the exceeding of the Portuguese quota 
(sunflower, sugar beet, dwarfwheat and tornato). 

The comparison between the margins obtained in the 
rainfed innovator system and the irrigated traditional sys­
tem poses an additional question: if it is possible to find 
rainfed alternative systems that produce higher economie 
returns than the irrigated traditional system, then it is possi­
ble that many farmers should opt for not irrigating their 
lands. In fact the small increase in the margin, 13 contos/ha, 
achieved by the transition from the rainfed to the irrigated 
system, hardly justifies the necessary investment to pursue 
that transformation. We should noti ce however, that the risk 
associated with the agricultural activity, measured by the 
~nnual i?ter variability of the productivity, is completely d­
lfferent m the two cases, being of course much lower in the 
irrigated system. 

The large expansion of the irrigation schemes in the A­
lentejo region dominated by the Alqueva dam, clearly pos­
es the question of the need to develop new crops and sys­
t~ms options. The irrigated innovator and the irrigated hor­
tlcultural systems seem to be, according to the assumptions 
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Table 8. Estimation of the annual average margins for the actual representative and the elected potential schemes in the Alente­
jo region then relies on 
the development of ac­
tions/policies that al­
low and support the de­
velopment of those 
crops. Among these ac­
tions we can suggest 
the following priori­
ties: 

crepping sys tems in the Odivelas irrigation scheme (2005 scenario; escudo:lha) 

Cropping Systems Year 1 Year 2 Year 3 Year 4 Annual 
Al.€rage 
margin 

Irr igated i nnovator Broccoli - Potato Melon Broccoli - Green Onion 
hor ticultu ra I system pepper 

rnargins 72508 3 184327 694927 302716 476763 

Irr igated i nnovator Tomato industry Wheat dwarf rain Su gar beet Su nfl ower ra i n 
system irr igated sys tem irrigated system 

margins 53 784 2 102662 121760 36001 199566 
• Imposing limitations 
on water use. Lack of 
water has been one of 
the major limitations in 
the large irrigation 
schemes in Alentejo 
and could be still a 
problem in the future. 
Limitations should be 
imposed on the total 

Irrigated traditional Maize c om Sunfl ower ra in 
system irr igated sys tem 

margins 2733 4 36001 3 1668 

Rainfed in nov ator Wheat dwarf Rye grass sila~ Sunfl o wer 
system rai n fed 

margins 8445 7 18380 

Rainfed traditional Sunflower ra in fed Fall ow 
system 

margins 36409 O 

imposed, the most promising and possible options. Howev­
er, this poses another kind of problems, not easier to deal 
with, and that until now are somewhat forgotten. In fact, the 
success of such systems relies not only on agronomic and 
technological aspects, but also, and we may even say main­
ly, on CAP, chain food and marketing developments. Nego­
tiations with the European Union, to make the Portuguese 
quotas flexible in several agricultural products - processing 
tornato, dwarf wheat, sunflower and sugar beet - are re­
quired not to suffer penalties from exceeding quotas. In­
stallation of an extra capacity of agricultural processing in­
dustries is also required. And last but not least, it is neces­
sary to develop a true marketing-oriented attitude in farm­
ers and production associations. The search for new and 
bigger markets, farther than the traditional ones - local or 
national markets - is crucial to support and stabilize prices 
of fresh consumption products. This of course requires a 
strong logistic capacity and a developed commerciaI distri­
bution net. 

Conclusions 
Ryegrass, sunflower and dwarf wheat are the only tradi­

tional rainfed crops that sustain margins over lO contos/ha. 
On the other hand, the traditional irrigated crops, such as 
maize and sunflower, al so don 't seem to be great economi c 
alternatives in the future. The economic analysis of sensi­
bility to the water price variation performed, reveals that 
between 13 esc/m3 and 20 esc/m3 water prices, every tradi­
tional irrigated alternative crop is economically unviable. 
So the future crop alternati ves for the Odivelas irrigation 
scheme have to be found among new crops and systems that 
are more economically valuable and less water consuming. 
Those could include low input extensive irrigated crops, 
like sugar beet and dwarfwheat, and high input intensive ir­
rigated crops, like horticultural crops for fresh consumption 
or processing. The success of the expansion of irrigation 

ra in feed 

36409 46415 
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water volume per 
hectare which farmers are allowed to use. Alternatively, 
the price of the water should be set in order to promote a 
rational water use. The price of water can also be gradu­
ally increased if farmers exceed a pre-specified volume 
per crop and per hectare (differential pricing). 

• Subsidising price ofwater; implementing fixed land tax­
es. The uptake of irrigation can be severely affected by 
price of water. In the first stage of life of a new irrigation 
scheme, the price of water could be subsidised or condi­
tions developed to allow the cultivation of high-income 
crops. A feasible way of doing this is to subsidise water in 
the first years and gradually increase the price after creat­
ing the conditions to allo w the cultivation ofhigh-income 
crops. In parallel, and to increase the adoption of irriga­
tion, farmers can be charged a fixed tax per hectare even 
if they do not irrigate. This would encourage them to ei­
ther irrigate or rent or even sell their land. 

• Developing extension services. The unwillingness of 
farmers to adopt new crops and production techniques 
could be an important limitation. Inexpensive solutions, 
rather than ambitious proposals, seem to be needed in 0-
divelas. The provision of an agronomist by the future as­
sociation of farmers is likely to be a cost effective alter­
native. This could be complemented with the installation 
of demonstration fields with specific purposes (e.g. in­
crease the adoption of a particular crop irrigation 
method). More elaborate alternatives should not be ex­
cluded. The creation of an Irrigation Technology Centre, 
with broader objectives (e.g. research and education in ir­
rigation) and from the perspective of all irrigation 
schemes under the influence of the Alqueva dam, for in­
stance, is clearly a possibility. 

• Developing marketing and processing facilities. Lack of 
crop marketing and processing facilities is likely to be the 
main reason why most farmers do not cultivate high-in-
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come crops, such as vegetables and crops for industriaI 
processing in the large irrigation schemes of Portugal. 
The development of infrastructure to dea l with these 
crops (e.g. selection, packing and storage units to deal 
with vegetables for fresh consumption; common con­
veyance facilities to deal with large-scale industriaI crops 
such as sugar beet) should be a priority in Odivelas. 

• Providing irrigation equipment and farm machinery to 
rent. The provision of farm machinery and irrigation e­
quipment to rent by the association of farmers of the irri­
gation scheme is one ofmajor contributions to support the 
adoption ofthe irrigation by small-scale farmers. The in­
troduction of new crops reinforces the need for specific 
new machinery and irrigation equipment. This should be 
provided by the association of farmers and must be con­
sidered together with parallel initiatives to support infra­
structures investment by farmers. 

• Modifying land tenure legislation. Land tenancy legisla­
tion does not favour renting. Partially as a consequence, 
there are farmers who have suitable land in the irrigation 
schemes in Alentejo and do not irrigate and farmers who 
irrigate that are willing to increase their scale of opera­
tion. There is a clear need to modify the current legisla­
tion in order to stimulate renting in potentially irrigable 
areas. 

• Reassessing field size limitations and considering altema­
tives to improve the performance of small fields. There is 
a direct relationship between field size and performance 
of the irrigated areas. However, the complexity of this is­
sue and the large number of small fields in the Odivelas 
scheme suggest the ne ed for further assessments. All the 
altematives available should be evaluated, from exclud­
ing the smaller fields to different forms of land consoli­
dation. 

• Reassessing soil conditions: drainage, salinity, pH and s­
lope. There is only a small area in the Odivelas scheme 
with serious drainage limitations. But improving an inte­
grated drainage system should be a priority in the devel­
opment of the entire scheme. Soil salinity may increase 
with irrigation and become a major problem in some 
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soils. Salt content should be carefully monitored and pre­
ventive measures must be adopted if necessary. The ma­
jority of the potential irrigable areas of Odivelas have 
soils with unfavourable pH values (i.e. pH<6 or pH>8). 
These soils should be further assessed in order to improve 
their conditions if possible or otherwise excluded from 
the scheme area. The same should happen to fields with 
unsuitable slopes (steep) for irrigation. 
The success of agricultural activity in Alentejo is not 

guaranteed by the development of irrigation schemes. The 
presence of water should not be seen as an end but just as a 
beginning of a new farming era in the region. The potenti al 
and the development of new irrigation schemes seem to be 
a unique opportunity to support and sustain the Alentejo a­
griculture and their farmer 's incomes. It is then necessary 
and essential to identify, promote and support all the actions 
and policies that effectively contribute to achieve the best 
possible result. 
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