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Abstract

Michalidis, a., Α. Koutsouris and s. Nastis, 2011. Adoption of sustainable irrigation practices 
in water scarce areas. Bulg. J. Agric. Sci., 17: 579-591

this study aims at exploring past, current and anticipated farmers’ behavior regarding the adoption of sustainable 
irrigation technologies which is a determining productivity cause, particularly in water scarce areas. For this 
purpose, the study was conducted in a semi-arid climate Mediterranean region using a survey sample of 400 
farmers and employing both categorical and econometric methodologies. results enable farmers’ classification 
and suggest that the most important determinants of adoption are related to crop yield levels and product quality. 
on the other hand, the reasons identified as most important for impeding the adoption of new technologies are 
related to the farmers’ belief that they already use all feasible water saving practices, to financial constraints and 
to low commodity prices. the importance of this paper lies in the presentation of results that can prove useful to 
policy makers, extension workers and individual farmers. Policy makers and extension workers will be able to 
assess the feasibility and implementation potential of sustainable irrigation practices taking into consideration 
farmers’ attitudes and perceptions. Furthermore, farmers will be able to evaluate their adopting decisions of 
irrigation practices and have a clearer understanding of the consequences of irrigation management practices that 
would affect irrigation water availability and pricing.
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Introduction

For over a decade, the increase of food production 
with less irrigation water use has been the main 
policy target in farm management, particularly in 
countries with limited water and land resources 
(Fao, 2002). indeed, well-documented examples 
of water scarcity issues exist in the literature. 
For example, Pereira et al. (2002) presented an 

in-depth exploration of the main causes of water 
scarcity; earlier studies (Vlachos and James, 
1983; Pereira, 1990) suggest that water scarcity 
may occur due to: (a) different xeric regimes, (b) 
nature produced (aridity and drought) and/or (c) 
man-induced reasons (desertification and water 
shortage). More importantly, water is becoming 
scarce not only in arid and drought-prone areas but 
also in regions where rainfall is abundant (Pereira 



580 A. Michailidis, Α. Koutsouris and S. Nastis 

et al., 2002; ortega et al., 2005).  
Furthermore, the effects of climate change on 

water availability are already becoming apparent 
in Europe (olesen, 2006). increased frequencies 
of drought events have already been recorded 
over the last decade and are expected to increase 
further, both in frequency and in severity. For 
Greece in particular, cline (2007) has estimated 
that if sustainable irrigation water management 
strategies are not implemented, there will be an 
estimated loss of agricultural production of 7.8% 
by 2080. sustainable irrigation water management 
in addition to water conservation and infrastructure 
expenditures (dams, water reservoirs) both by 
the public and by the private sector are deemed 
necessary to maintain present agricultural 
production levels (antle, 2008).

on the other hand the importance of farmers’ 
decision-making process on adopting irrigation 
management systems has extensively been 
recognized in the literature (Pereira et al., 2002; 
Bjornlund et al., 2009; Khalkheili and Zamani, 
2009). in agriculture, the term “adoption” has been 
used to define the uptake of agricultural practices, 
usually targeted at the farmer or grower (Boland 
et al., 2005). therefore, understanding farmers’ 
propensity, or not, to adopt irrigation Management 
Practices (iMPs) will facilitate the development of 
appropriate, thus successful extension campaigns 
(Kaine and Bewsell, 2002). consumer behaviour 
theory can be used to assess the drivers for 
adoption of iMP in agriculture. For example, 
Kaine et al. (2005) applied a market segmentation 
methodology to the iMPs’ adoption in the stone 
and pomme fruit industry. 

this study examines the adoption of several 
iMPs in the region of Western Macedonia, Greece. 
More specifically, the main aim of the paper is the 
examination of parameters affecting the decision to 
adopt efficient irrigation management technologies 
and practices and the analysis of the variables 
affecting adoption of such iMPs. the contribution 
of the paper is a dual one. at a theoretical level, 

the paper provides an application mix of modern 
multivariate and econometric methodologies in 
the field of adoption theory. at an empirical level, 
the paper illustrates how the theoretical statistical 
weights can be translated into empirical results and 
estimated within a simple econometric model. 

although several studies have examined 
adoption parameters the current one presents a 
first application of categorical methodologies. 
so far, the majority of studies on iMPs’ adoption 
use descriptive statistics relating mainly 
socioeconomic characteristics affecting adoption 
(Mushtaq et al., 2006). these studies characterize 
the farmers’ optimization problem as one where 
the farmer has to choose between two irrigation 
practices and the associated costs and benefits. 
according to Mushtaq et al. (2006) such static 
analyses investigate how many farmers are 
adopting iMPs and what are the cost-benefit 
ratios of iMPs under different circumstances. on 
the other hand, the main benefit of employing 
categorical methodologies is that they can 
handle optimally both continuous and categorical 
variables as well as attributes. 

thus, a combination of categorical multivariate 
methodologies with an econometric model can 
be very useful, in the examination of adoption 
parameters, as the categorical variables can be 
better accommodated (Michailidis, 2007). 

the research findings presented here have not 
only local interest but they also have influential 
implications for international agricultural policies. 
actually, both policy makers and extension 
workers, internationally, express concerns about 
the weakness of their persuading position when 
trying to provide water management advices 
and their need for a stronger ‘political’ and more 
cohesive voice (Bruns, 1993; Boland et al., 2006; 
Bjornlund et al., 2009; Khalkheili and Zamani, 
2009). therefore, a study determining the adoption 
parameters of sustainable irrigation practices is 
deemed essential and could well have resonance 
in many other countries well beyond Greece.
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Materials and Methods

Description of the study area
the Western Macedonian region (WMr) is 

located in the northwest of Greece, a Mediterranean 
territory that is characterized by semi-arid climate 
and considerable agricultural activity (Michailidis 
et al., 2003). it is considered a major agricultural 
production centre, mainly of wheat, corn, apples 
and peaches. the region comprises of four 
prefectures: Florina, Grevena, Kastoria and Kozani 
(Figure 1). From a geographical point of view, 
the WMr holds a central position in the Western 
Balkans since it is the natural gate of Greece to the 
northwest borders and especially to albania and to 
the Former Yugoslavian republic of Macedonia. 
the landscape of the region mainly consists 
of highlands (69.2%), forest areas (26.0%), 
rangelands (43.0%) and cultivations or fallow 
lands (24.0%). the region occupies 9451.6 km2 or 
7.2% of the country land (NssG, 2009).

although, the four Prefectures of the WMr 
are characterized by similar agricultural practices, 
water delivery systems and climate conditions 
(Michailidis et al., 2003), the “average” farm 
profiles vary in terms of farm size, crop production, 
crop rotation, types of irrigation used, amount of 
irrigation water available, crop yields and crop 

prices (table 1). 
Forthright, irrigation is by far the largest 

consumer of water in WMr as water for agricultural 
irrigation presently accounts for more than 85% of 
the total consumption of water resources. Farming 
in the region occupies more than 57,000 hectares 
(almost 30%) of irrigated land (NssG, 2009). 
thus, it is critical to determine new irrigation and 
management practices, in order to enhance water 
use efficiency.

recently, the hellenic Ministry of Environment, 
Physical Planning and Public Works has adopted an 
integrated water management approach recognizing 
that water is an administrative, managerial and 
shared responsibility. this approach was upheld 
when, in 2008, the government embarked on a 
public review process to develop a long-term 
regional water management strategy. 

the result was the National Program of Water 
resources Protection and Management, released 
in March 2008 (hMEPW, 2008), which confirms 
that water resources in the WMr are fully or over 
committed. Moreover, demand for water is likely 
to continue increasing. the strategy identifies 
improved water use efficiency and productivity 
as the primary methods of satisfying such an 
increased demand. 

one of the strategy’s main objectives is a 20% 

Fig. 1. western Macedonian Region
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Table 1
wMR’s agriculture in numbers 
      

 Grevena Kastoria Kozani Florina WMr

total agricultural land, ha 41497 24926.6 88270.7 52994.8 207689.1
annual, % 91.3 87.0 94.8 84.8 90.6
arboriculture, % 1.4 5.4 2.5 2.2 2.6
Vineyards, % 0.5 0.5 1.0 1.2 0.9
Pastures, % 0.8 3.3 0.9 10.3 3.6
Fallows, % 5.7 3.6 0.5 1.3 2.1
Kitchen gardens, % 0.2 0.2 0.2 0.1 0.2
other, % 0.0 0.1 0.0 0.0 0.0
average farm size, ha 8.6 6.0 6.5 8.2 7.1
cereals, % total 82.6 76.4 86.1 67.0 80.1
Wheat, % cereals 73.1 85.6 85.0 36.6 71.8
corn, % cereals 5.2 3.2 5.4 23.1 9.1
Edible pulses, % total 0.4 2.9 0.3 2.1 1.1
Fodder plants, % total 3.3 6.4 3.0 9.2 5.1
apples, % arboriculture 8.4 79.7 28.5 21.8 37.6
Peaches, % arboriculture 0.3 0.2 35.7 42.3 24.4
Source: NssG (2009)

increase in efficiency and productivity by 2016 
over the 2008 levels. 

Data collection
data were collected through a survey 

questionnaire addressing 400 randomly selected 
farmers in the four Prefectures of West Macedonia, 
during october and November 2008. although the 
main survey questions were based on a previous 
instrument developed by Bjornlund et al. (2007), 
these were retested, in collaboration with local 
experts of the four Prefectures (Prefectural 
directorates of agriculture), and the survey 
instrument was redeveloped in order to address 
the specificities of the research area. the main 
purpose of the survey was to determine the 
recent, current and anticipated behaviours of 
farmers relating to the adoption of irrigation 
management technologies and practices designed 
to increase water use efficiency. in particular, 
the questionnaire included sections on: (a) 

farmers’ practices in the distant (prior to 2000) 
and more recent past (2000-2008) as well as on 
their future intentions (2008-2016) concerning 
the improvement of water use efficiency on their 
farms; (b) their view of drivers and impediments in 
undertaking such improvements; (c) influences on 
their decisions regarding the adoption of improved 
technologies and management practices; and (d) 
socio-demographic characteristics such as age, 
education, dependence on off-farm work, family 
history and prospects of farm succession. 

Methodological framework 
the aims of the present study are attained 

by employing both descriptive statistics and 
multivariate analysis techniques. in particular, 
two-step cluster analysis, a scalable cluster 
analysis algorithm designed to handle large data 
sets (Kayri, 2007; sPss, 2008) allowed for the 
classification of farmers into several discernible 
groups, with similar iMP adopting behaviour. this, 



583Adoption of Sustainable Irrigation Practices in Water Scarce Areas

in turn, allowed for the exploration of different 
adoption rationales and reasons. 

reliability analysis (Bohmstedt, 1970) for the 
dependent variables of the survey was employed 
to determine the extent to which these items are 
related to each other and to identify items to be 
excluded from the designed scales of the employed 
multivariate techniques. thus, four different 
categorical regression models, optimally handling 
the transformed categorical variables in order to 
find out possible relations between a dependant 
variable and a set of selected independent ones 
(Kooij and Meulman, 1997), i.e. one in each 
cluster, were configured for the explanation of the 
iMP adoption decision. 

Finally, in order to relate variables that influence 
the farmers’ decision to adopt, or not, iMPs a 
binomial logit analysis was conducted. this model, 
first applied to the demand for higher education 

and afterwards to educational choices (radner 
and Miller, 1970; Bishop, 1977; Jimenez and 
salas-Velasco, 2000) can be seen as a special case 
of a general utility maximization model (cramer, 
1991). here it concerns those aspects of the 
economics of irrigational choice that are regarded 
as important (Bjornlund et al., 2007; Bjornlund et 
al., 2009). 

assuming that a farmer can choose one of 
two available options (1= iMP adoption, 0= iMP 
non-adoption), his/her (designated i) choice of 
the first option, implies that: Ui1>Ui0, where Ui1 
and Ui0 are the utilities that i associates with an 
adopting and non-adopting decision, respectively. 
the utility Uij that the alternative j gives to the 
individual i, is composed of two parts: a systematic 
term, which depends on an attributes vector X 
(stochastic ability, social background, etc.) and a 
random one

Table 2
Description of the sample
      
Personal characteristics Florina Grevena Kastoria Kozani total

Male, % 83.2 84.5 79.9 81.6 82.3
average age 43.2 45.9 44.8 44.5 44.6
average number of children 2.3 2.2 2.0 1.9 2.1
Married, % 83.8 80.2 77.8 75.8 79.4
university degree, % 5.5 3.4 6.5 7.0 5.6
General education, years 9.5 9.3 10.4 10.6 10.2
Farm experience: 10 years or more, % 57.1 63.1 55.2 54.6 57.5
Full-time farmers 67.7 68.6 59.7 60.8 64.2
Farm characteristics      
cultivation: cereals, % 79.4 73.2 80.4 61.8 73.7
Farm size: more than 20 ha, % 28.1 17.1 18.5 26.7 22.6
insufficient irrigation water, % 57.4 50.4 48.8 56.2 53.2
Area      
Florina, % - - - - 25.0
Grevena, % - - - - 25.0
Kastoria, % - - - - 25.0
Kozani, % - - - - 25.0
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eij : ijijij UU e+= .

But utility Uij is not observable. What we 
observe is decision Yi, which is worth 1 if the 
individual i chose to adopt and 0 if s/he chooses 
not to adopt. if a rational individual chooses the 
alternative that gives her/ him the greatest utility, 
then:

Probability [Yi = 1] = Probability [Ui1> Ui0]
Probability [Yi = 0] = Probability [Ui0> Ui1]
McFadden (1974) has proven that in this case 

the probability that farmer i chooses alternative 
1 is: 

Prob [Yi = 1] =
eXi

' b

1+ eXi
' b

this would be the reduced form for the 

binomial logit model, where the '
iX row vector 

of explanatory variables for the ith individual 
contains the independent or explanatory variables 
(including also a constant), where we assume that 
the non-observed ε’s follow a logistic distribution 
and the β vector contains the parameters to be 
estimated.

in Figure 2 the general methodological 
framework of data collection, statistical analysis 
and obtained results is illustrated.

Results and Discussion

Descriptive statistics
the empirical results of the descriptive 

statistical analysis (table 2), suggest that the 
representative farmer of the sample is full-time 
employed, male, around 45 years old, married with 
2 children, have rather low education level and 

Fig. 2. General methodological framework

b

b



585Adoption of Sustainable Irrigation Practices in Water Scarce Areas

have more than 10 years of farming experience. 
in addition, the representative farm of the sample 
has rather medium size, mainly produces cereals 
and has insufficient access to irrigation water. 
however, there is significant variation among 
farmer profiles or farm characteristics in each of 
the four prefectures. in particular, the data reveal 
that the representative farmer in the Prefectures of 
Florina and Grevena is more traditional than in the 
other two prefectures (Kastoria and Kozani): he 
has lower education level, longer farm experience 

and is more likely to be a full-time farmer. in 
addition, the typical farm in Florina and Kozani is 
characterized by lower access to irrigation water 
as well as from its bigger farm size.

Following the relevant literature (stephenson, 
2003; Bjornlund et al., 2009), the main research 
findings are presented in four sections: (a) the 
adoption of more efficient water technologies, (b) 
the adoption of improved management practices, 
(c) reasons for adoption and (d) reasons for non-
adoption (tables 3 and 4). 

Table 3
IMP adoption
    

More efficient water technologies No plans  
to adopt

have already  
adopted

Plan to  
adopt

convert from surface to wheel move sprinklers 231 (57.8%) 143 (35.8%) 26 (6.5%)
convert from wheel move sprinklers to pivot 141 (35.3%) 224 (56.0%) 35 (8.8%)
convert from surface to pivot 298 (74.5%) 93 (23.3%) 9 (2.3%)
convert from high pressure to low pressure 32 (8.0%) 305 (76.3%) 63 (15.8%)
Purchase a computer panel for pivot 229 (57.3%) 111 (27.8%) 60 (15.0%)

improved management practices
Visual monitoring 156 (39.0%) 174 (43.5%) 70 (17.5%)
hand auger and feel method 271 (67.8%) 110 (27.5%) 19 (4.8%)
Monitoring instruments 341 (85.3%) 33 (8.3%) 26 (6.5%)
computer-phone 287 (71.8%) 28 (7.0%) 85 (21.3%)
Web based programs 330 (82.5%) 22 (5.5%) 48 (12.0%)
Private consultants 141 (35.3%) 215 (53.8%) 44 (11.0%)

Table 4
Reasons for adopting or non-adopting IMP
       

Adopting reasons
improve crop yield

reduce 
energy cost

reduce 
water use

reduce 
labour  
cost

reduce fertilizer 
or pesticide losses

reduce  
soil erosion

irrigate 
more  
landor quality

223 (55.8%) 76 (19.0%) 68 (17.0%) 33 (8.3) 11 (2.8%) 9 (2.2%) 44 (11.0%)
Non-adopting reasons

already using all  
water saving practices low commodity prices Financial constrains other 

reasons
161 (40.3%) 49 (12.3%) 148 (37.0%) 71 (17.8%)

*Participants were asked to select 
one or more reasons      
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Table 5
Distribution of observations in each cluster 
     

continuous variables
clusters

1st cluster 2nd cluster 3rd cluster 4th cluster
(122, 30.5%) (122, 30.5%) (62, 15.5%) (94, 23.5%)

improve crop yield or quality  119/223 
(53.4%)a   

reduce energy cost   41/76 (53.9%)  
reduce water use   50/68 (73.5%)  
reduce labour cost   26/33 (78.8%)  
reduce fertilizer or pesticide losses   10/11 (90.1%)  
reduce soil erosion    9/9 (100.0%)
irrigate more land  9/9 (100.0%)   
already using all water saving practices    93/161 (57.8%)
low commodity prices 41/49 (83.7%)    

Financial constraints 100/148 
(67.6%)    

other reasons 69/71 (97.2%)    
aNumbers in parenthesis express the ratio of variable’s observations in each cluster to the total observations of 
each variable

Table 6
Selected independent variables
   
independent variables type categories

1. Marital status categorical 1=married, 2=not married 
2. No. of children continuous Number of children
3. Area categorical 1= Florina, 2= Grevena, 3= Kastoria, 4= Kozani
4. Gender categorical 1=male, 2=female
5. Age interval 1=under 25, 2=25-45, 3=45-60, 4=over 60
6. General education interval 1=six or less years, 2=from seven to nine, 3=ten or more
7. higher education categorical 1=university degree, 2=other
8. income (€) continuous annual household income 
9. Farm experience continuous Number of years
10. type of farming categorical 1=full time farmer, 2=other
11. Farm size (ha) continuous Number of cultivated hectares 
12. irrigation water ordinal 1=sufficient, 2=somewhat sufficient, 3=insufficient
13. Main cultivation categorical 1=cereals, 2= arboriculture, 3=other
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Table 7
categorical regression models 
        

cluster N r 2 relative importance Measures total 
Explanation

1st 122 0.74
low income 
(<12,000€)

six or less years 
of education

cereals 
cultivation

small farm size 
(<2ha) (86.2%)

(0.412) (0.183) (0.156) (0.111)

2nd 122 0.82
Arboriculture

Full time farming
Big farm size 

(>10ha)
- (81.6%)(0.316) (0.212)

 (0.288)  

3rd 62 0.86
Medium income 

(<18,000€) area (Grevena) age (over 45 
years)

Nine or less 
years of 

education (92.1%)

(0.422) (0.285) (0.108) (0.106)

4th 94 0.78

higher 
education

age (less than 
45 years) Area 

(Kozani) - (85.4%)
(0.372) (0.264)

  (0.218)
dependent variable: iMP adoption

From the data analysis it is obvious that, 
farmers’ record of iMPs’ adoption is rather mixed 
(table 3). in particular among the five available 
improved irrigation technologies the conversion 
from wheel move sprinklers to pivot and the 
conversion from high pressure to low pressure 
are two cases of equipment modification which 
participants have already adopted or plan to adopt 
within the next few years in order to improve 
the efficiency of irrigation water use. on the 
other hand, visual monitoring and resorting to 
private consultants are cases of practices related 
to improved water management which farmers 
have already adopted or have plans to adopt within 
the next few years. actually, many farmers in 
the region (43.5%) monitor soil moisture using 
visual crop conditions. in addition, the majority 
of farmers (53.8%) use the services of private 
consultants. Nevertheless, despite the fact that 
quite a few farmers plan to invest in new, or modify 
their existing irrigation equipment, it seems that 
the potential for technological improvements 

within existing financial and physical constraints 
is largely exhausted.

in table 4 the main reasons farmers provided 
for either adopting or not iMPs are illustrated. in 
particular, the most important reason for increasing 
water use efficiency according to farmers’ 
responses relates to the improvement of crop yield 
or quality. this is consistent with research findings 
addressing the motives to invest in water efficient 
technologies (Bjornlund et al., 2009). however, 
quite a few farmers indicated the reduction of 
energy cost, the reduction of water use and the 
irrigation of more land as the most important 
reasons for adopting new irrigation practices. 
on the other hand, constraints related to farmers’ 
beliefs that they are already using all feasible water 
saving practices, and the interrelated parameters 
of financial constraints and low commodity prices 
are presented. More specifically, 40.3% of the 
farmers declared that they already use all the 
water saving practices that are feasible while non-
adoption/implementation mainly relates financial 
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Table 8
DAIMaP model independent variables and description
  

Variable description

Age respondent’s age
Area* 1=Kastoria, 0=otherwise
cultivation 1=cereals, 0=otherwise (primary cultivation)
distance distance between respondent residence and the nearest urban place, km 
Education Years of general education
Elevation 1=more than 500m, 0=otherwise 
Employees Number of persons employed full time
Employment 1=full time, 0=otherwise
Farm experience 1=ten years or more, 0=otherwise
Farm size 1=more than 20 ha, 0=otherwise
income annual income (in euros)
Price cost of iMP adoption (yearly estimations)
Gender 1=Male, 0=Female
Water insufficiency 1=insufficient, 0=otherwise
*Kastoria is the area with the higher access to irrigation water

constraints (37.0%), followed by poor commodity 
prices; about one-sixth (17.8%) of farmers cited 
other reasons. 

Multivariate statistical analysis
two-step cluster analysis, based upon seven 

reasons for adoption and four reasons for non-
adoption as cited by farmers (5=strongly agree, 
4=agree, 3=neither agree nor disagree, 2=disagree 
and 1=strongly disagree), was used to classify 
farmers in discernible clusters in order to explore 
different iMP adoption behaviours. 

sPss V.17 for Windows was employed for 
the multivariate statistical analysis of the dataset 
(400 observations). the two-step cluster method 
extracted automatically the optimal solution of 
four clusters. the majority of the farmers fall 
within in the first and second clusters (122 farmers 
or 30.5% in each cluster); 94 respondents (23.5%) 
fall into the fourth cluster with only 62 (15.5%) in 
the third one. as shown in table 5, the first cluster 
mainly comprises non-adopters who claim that 
their decision owes to: (a) financial constraints, (b) 
poor commodity prices and/or (c) other reasons. 

on the other hand, the second cluster mainly 
comprises farmers who are willing to adopt iMP 
because they expect to either improve crop yield-
quality or allow for the irrigation of more land. 
the third cluster mainly comprises iMP adopters 
with price-cost orientation, i.e. farmers who have 
adopted in order to: (a) reduce water use, (b) reduce 
energy cost, (c) reduce labour cost and (d) reduce 
fertilizer or pesticide losses. Finally, the fourth 
cluster is quite differentiated since it comprises 
of more environmentally sensitive farmers who 
already use all the water saving practices or are 
worried about soil erosion. in concise terms, 
the first cluster’s farmers can be characterised 
as “guarded non-adopters”, the second cluster’s 
ones as “productivity orientated adopters”, the 
farmers of the third cluster as “cost-price orientated 
adopters” and finally the farmers of the fourth 
cluster as “environmental interactive adopters”. 

reliability analysis (Bohmstedt, 1970; sPss, 
2008) for thirteen categorical or continuous 
variables was then used to determine the extent 
to which these items are related to each other, to 
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Table 9
DAIMaP model estimates
   

Variable coefficient t-ratio

constant -0.47 -0.91
Age -0.35 -1.97
Area 0.24 1.83
cultivation -0.28 -1.74
distance 0.01 0.57
Education 0.21 1.14
Elevation 0.03 0.63
Employees 0.14 0.77
Employment 0.12 0.76
Farm experience 0.02 0.43
Farm size 0.18 0.91
Income 0.44 1.68
Price -0.36 -1.53
Gender 0.12 0.49
Water insufficiency 1.17 2.31

get an overall index of the internal consistency 
of the scale as a whole, and to identify items to 
be excluded from the scale (table 6). in fact, no 
items were dropped from the initial list. the value 
of cronbach’s alpha (α) reliability coefficient 
was found equal to 0.77 thus indicating that the 
designed scale of “irrigation behaviour” is reliable 
(sPss, 2008). Friedman two-way analysis of 
variance, with x2=2004.4 (α=0.00) and hotelling’s 
t2=1366.0 (F=32.18 and α=0.00), indicated the 
significance in differences of item means.

having accepted the consistency of the thirteen 
items, the average value (1=no plans to adopt, 2= 
have already adopted and 3=plans to adopt within 
the few next years) of all the iMPs (table 6) for 
each respondent were used as the numerical values 
of the dependent variable “iMP adoption”. 

in order to find out how iMPs adoption is 
influenced by personal or farm characteristics four 
categorical regression models were employed, 
one in each cluster (table 7). analysis yielded 
r2 values ranging from 0.74 (1st cluster) to 0.86 
(3rd cluster) indicating moderate relation between 

“iMP adoption” decision and the group of selected 
predictors (Michailidis, 2007; sPss, 2008). 
however, since r2>0.70, it is indicated that more 
than 70% of the variance in the “iMP adoption” 
decision rankings is explained by the regression 
of the optimally transformed selected variables. 
in addition, the F-statistic values (from 8.20 to 
8.45) with corresponding α=0.00 indicates that 
this model is performing well.

in table 7 the main statistical elements of the 
four separate categorical models are presented. 
Nevertheless, the most interesting model outputs 
are the relative importance measures of the 
independent variables (Pratt, 1987) which show 
that the most influential variables predicting 
the decision to adopt or not in the first cluster 
correspond to “income” (accounting for 41.2%), 
followed by “six or less years of general education” 
(18.3%), “cultivation system” (15.6%) and “farm 
size” (11.1%). More specifically, the common 
iMP non-adopting behaviour of the first clusters’ 
farmers is explained well by their low income, low 
education, the cultivation of cereals and small farm 
size. similarly, the relative importance measures 
of the model variables of the second cluster are 
higher for the variables of “arboriculture”, “full 
time farming” and “big farm size”. 

likewise, the relative importance measures of 
the model variables of the third cluster are higher 
for the variables “medium income”, “Grevena 
Prefecture”, “over 45 years old” and “nine or less 
years of general education”. 

Finally, the relative importance measures of the 
model variables for the fourth cluster are higher 
for the variables of “higher education”, “less 
than 45 years”, and “Kozani Prefecture”. the 
total percentage of the “iMP adopting” decision 
which is explained by the estimated three or four 
independent variables, in each cluster, is calculated 
in the last column of table 7. in particular, the 
additive importance of the estimated model 
variables accounts for 86.2%, 81.6%, 92.1% 
and 85.4% of the total explanation of the “iMP 
adoption” in the first, second, third and fourth 
cluster respectively. 
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Binomial logit model
Following, a multivariate econometric model 

was employed to relate variables that influence 
the decision to adopt irrigation Management 
Practices (daiMaP) by the farmers of WMr. 
adoption of iMPs was treated as a separate 
decision process. the adoption decision was 
analyzed using a discrete choice model that 
relates the adoption probability to the variables 
of table 8. in particular, a binomial logit model 
identifies the importance of determinants of iMP 
adoption by sample strata (Madden and coble-
Neal, 2003). More specifically, the dependant 
variable “iMPs adoption”, splits the sample in 
two subgroups: (a) iMPs adopters (=1) and (b) 
iMPs non-adopters (=0). the selection of the 14 
independent explanatory variables of table 8 was 
based on prior analysis of iMPs adoption while it is 
adapted to the research area particularities (Pereira 
et al., 2002; ortega et al., 2005; Bjornlund et al., 
2007; Bjornlund et al., 2009).

the empirical results clearly demonstrate 
the importance of farms’ water insufficiency as 
a driver for iMP adoption (table 9). however, 
the overall explanation of iMP adoption is more 
complex since it is related over and above to the 
“income”, “Price”, “age”, “cultivation”, “area” 
and “Education” variables. in particular, the 
importance of the “income” and “Price” variables 
in the daiMaP model implies the increased 
value of iMP for prosperous farmers. on the 
other hand, taken together younger age and non-
cereals cultivation appear to enforce farmer’s iMP 
adoption interest. Finally, the “area” variable 
demonstrates the adoption differences among 
the region’s Prefectures whereas the “Education” 
variable is indicative of farmers’ capacity to 
understand and operate relevant technology.

conclusions
sustainable irrigation water management 

practices and access to irrigation water have 
attracted the interest of both researchers and policy 
makers especially where irrigation innovations 
is strict connected with the future of agricultural 

activity. 
the current findings, are consistent with 

recent studies on irrigation technology adoption 
in agriculture (Bjornlund et al., 2007; 2009), 
and suggest that the objective of a 20% increase 
in the efficiency of water use required in West 
Macedonia is unlikely to be achieved through 
technology adoption or on-farm improvements 
in the short term. thus, in order to achieve the 
20% improvements in the short term, more 
emphasis should be placed upon improving 
system efficiencies and promoting the adoption 
of more efficient management practices, rather 
than new technologies. improving practices is less 
capital-intensive but holds promise for achieving 
additional efficiency gains. this will require 
extension campaigns as well as more research 
on the adoption of such management practices 
among farmers. since increased conflicts over 
water are anticipated, water savings from, and 
positive collaboration with, the agricultural water 
users in the region will be imperative (Bjornlund 
et al., 2009).

Besides, bearing in mind the fact that it is 
usually advantageous to apply different policies 
to groups of people with different behaviour we 
also tried to segment farmers. thus, the tentative 
input of this piece of work into the design of 
new policy measures is the identification of four 
different segments among the target-population, 
taking into account the specific characteristics of 
different groups. therefore, it may be assumed 
that policy initiatives based on strategies of group 
segmentation and differentiation might be more 
effective and less expensive than generic policy 
measures. Nevertheless, according to Verdegem 
and Verhoest (2009), prerequisites for such policies, 
are that these groups are relatively homogeneous 
and that they can be easily targeted and reached by 
policy makers, preferably groups with some form 
of formal organization and representation. 

in addition, the current study attempted to use 
modern categorical multivariate and econometrics 
methodologies in the field of agricultural water 
management. such an application may assist 
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policy makers, programme planners, extension 
and community workers to understand implement 
and promote iMP’s adoption strategies in their 
respective countries. thus, lessons learned here 
could well have resonance in many other countries 
well beyond the Greece.
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