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Abstract: Problem Statement Agricultural water management (AWM) is not a goal in itself but part of a process
of resource management that provides a critical input to agricultural production and farmer incomes. Today,
huge losses in irrigation systems and poor water management practices worsen the water crises that already
exist. Water users were surveyed in order to explore their perception about the factors influencing the
optimizing water consumption in agricultural sectors in Iran. In addition, this study aims to identify effective
mechanism in order to empowering producers in agricultural water resources management. Approach The
methodology used in this study involved a combination of descriptive and quantitative research. The total
population was 350 producers from six provinces in Iran. Results Structural equation model is expected to be
useful for designing targeted optimizing agricultural water resources management. Explained the total variance
by four factors (Governmental activities, Physical and individual characteristic, Extension programs and
Mechanism used by producers) is 37% and the rest of explained variance by the other factors is not included
in the research. The most direct efficiency related to activities done by the government to manage agriculture
water resources and total efficiency also related to this factor in order to cure the agriculture water management.
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INTRODUCTION institutional support to improve sustainability, user

UNDP [1]. pointed out agriculture is now and will collectively, are called agricultural water management
continue to be a key source of livelihood for low-income (AWM).
countries and the poor who live there. As stated by Panahi et al. [5] showed that from a broader
Takashi, over 70 developing countries are being development standpoint, it is important to note that
marginalized from the world economy. Water resource agriculture claims the largest share of the work force in
management in these countries requires significantly Iran. A large proportion of the poor depend on the
different considerations from the other countries [2]. agricultural sector for their livelihoods. Despite its small

Limited and unreliable access to water is a contribution to GDP, agriculture is still the key to
determining factor in agricultural productivity in many development in many developing countries, including
regions, a problem rooted in rainfall variability that is Iran
likely to increase with climate change [1]. Water has been Keshavarz et al. [6] as said: The irrigation potential in
predicted to be the oil of the twenty-first century, meaning Iran is estimated at 37 million ha, with only 7.8 million ha
that successful water management will be the key to currently receiving irrigation water, representing 21% of
future economic growth and social wealth in both the potential. Of the total arable land, about one-third is
developed and developing countries [3]. irrigated by traditional systems. Overall irrigation

Vinod [4] showed that combinations of irrigation, efficiency in Iran ranges from 33-37%, lower than the
drainage and flood control, water conservation and average for both developing countries (45%) and
storage, on-farm water management and more recently, developed countries (60%).

operation and management and cost recovery,

.
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Iran’s  population  is  approximately  70.495  million. numerous ways to improve the return on investments in
It  has  been estimated  that  Iran's  population  will  reach
90 millions by the year 2020 [7]. Such an increase would
require 160 million tons of agricultural production from
irrigated land (Panahi et al. 2009) [5] More than 90% of the
renewable water in the country is used for agriculture, but
the sector still cannot produce enough to meet the
demands of the population [8]. 

Panahi et al. [5] reported that the amount of used
water for irrigated agriculture is 83 bm  and water3

productivity is 0.7 kgm . To supply adequate food in-3

2020, agricultural production will have to increase to 160
million tons. So by the year 2020, water   productivity will
have to increase to 1.6 kgm . Therefore, it is important to-3

focus on using water efficiently through improved
irrigation and water management.

Iranian agriculture has suffered from inefficient
resource management by actors within this sector, rather
than by limited natural resources. Thus, it is essential to
give more considerations to human resources in the
agricultural sector. Since farmers and water users are the
primary active human resources in the agricultural sector,
it is necessary to increase their competence in order to
improve the efficiency and productivity of farming. 

MalekMohammadi [9] pointed out; agricultural
extension is a public service for Human Resource
Development (HRD) in the agricultural sector. Although
extension is not the magic wand that will change
agriculture overnight. Nonetheless, extension will impact
human capital development through agricultural literacy,
thus enhancing economic growth. 

Ommani [10] believed that the most important goals
of extension system for supporting sustainable water
resource management in agriculture are: increasing social
equality, increasing knowledge of farmer, development of
farmer skills and need assessment based on the
participatory approaches. The purpose of this study was
to identify influential factors on optimizing agriculture
water resource management. Specific objectives of the
study were to: (1) Determine producers’ level of technical
knowledge toward agricultural water resources
management, (2 Determine effective mechanism in order to
empowering producers in agricultural water resources
management and (3) identify mechanism used by the
producers in agricultural water resources management.

Prior Research: Ward et al. [11] showed that agriculture
in most locations  generates  the  lowest  value added per
unit of used water compared to other water-using sectors.
Within the agricultural sector, however, there are

water. Higher return on water investments will boost
incomes for farmer.

FAO [12] revealed that for improving irrigation
management, efforts are focused on the empowerment of
water users associations and their involvement in
resource management.

Rahaman et al. [13]  asserted that to be effective,
water management must take a holistic approach, linking
social and economic development with the protection of
natural ecosystems. Regner et al. [14] showed that to
achieve water security, water must be everybody's
business, but on the other hand the government
monopoly in water management should not be replaced
by a private monopoly.

As stated by Shen and Varis [15], the water resource
management crisis is the result of poor management rather
than the modern technologies. UNDP [16] pointed out
technology-oriented management should be balanced
with human-oriented management. Akpabio et al. [17]
pointed out that equitable resource allocation, efficient
and balanced resource use, participation of stakeholders
in decision making and recognition of linkages and
interactions among human and physical systems are key
principles in integrated water resource management. 

Playan and Mateos, [18] showed that population
increases and improved living standards brought about
by development will result in a sharp increase in food
demand over the coming decades. Most of this increase
will be met by the products of irrigated agriculture.

Akpabio et al. [17] and smith [19] reported that
irrigation can increase the yields of most crops.
Furthermore, irrigation leads to less risky and more
continuous levels of rural employment and income. 

Pike [20], Nistor and Lowenberg-DeBoer [21] pointed
out, irrigated as compared to rain-fed agriculture is
conducive to higher cropping intensities that improve
yields, allowing the cultivation of higher-value crops and
the use of sophisticated cultivation techniques. 

Verma [22] showed that successful water
management will be the key to future economic growth
and social wealth in both developed and developing
countries.

MATERIALS AND METHODS

The methodology used in this study involved a
combination of descriptive and quantitative research
methods.   The    population    of    this     study   included
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producers (N = 220000) of six provinces, which in 350
producers was selected. The research sample was based
on the Cochran formula by using stratified random
sampling and a questionnaire was developed to collect
related data, as well. Face validity was established by a
panel of experts including faculty members and graduated
students at Tehran University, Tarbiat Modares
University and Islamic Azad University. A pilot test was
conducted with 30 producers. Questionnaire reliability
was estimated by calculating Alpha Cronbach Coefficient
and Compose Reliability methods by using SPSS and
LISREL softwares, by which reliability for the overall
instrument was estimated at 0.85 and 0.68%, respectively.
The  basic  idea  of  factor  analysis  is  to  find  a  set of
latent  variables  that  contain   the   same  information.
The classical factor analysis assumes that both of the
observed  and  latent  variables are continuous variables
in the nature but, in practice, the observed variables are
often ordinal. 

RESULTS

The results of descriptive statistics showed that
about 56% of the producers possess less than 5 hectares
of irrigated cultivated lands and 69.4% have below 3 tracts
of irrigated lands.

Results indicated that the average share of water for
each producer is 2.5 units. About 68% of the producers
own the water resource individually and for most of them,
the resource is located in the farm field or near around.

From the producer's point of view, activities were
done by the government to manage agricultural water
resources and although delivery extension programs in
agriculture water management were low. Although the
capability of producers in utilizing the mechanisms of
agricultural water resources management was very low,
most of them believe that the efficiency of these
mechanisms is very high.

According to Table 1, from the viewpoint of the
producers, Governmental organization has the initial
priority between the active organizations to manage
agricultural water resources.

The producers' knowledge about agricultural water
resource management(AWRM) was determined as
described on the methodology section and for the
purpose of characterization the score was transformed
into four levels as "weak", "mediate", "good" and
"excellent".   After   computing   the   mean  and  standard suggested by producers.

Table 1: Ranks of active organization in manage agriculture water resources

Factors Median SD CV Rank

Governmental organization 2 1.348 0.68 1

Rural cooperative companies 2 1.538 0.77 2

Non-governmental organization 1 1.145 1.145 3

Water users cooperating units 1 1.231 1.231 4

Production cooperatives companies 1 1.445 1.445 5

Islamic councils 1 1.527 1.527 6

Local organizations 1 1.537 1.537 7

Private sector 1 1.554 1.554 8

Table 2: producers’ Knowledge toward Agricultural Water Resource

Management (n=350)

Variables Items Frequency Percent

Producers’ Knowledge Weak 58 16.6

toward AWRM Mediate 175 50

Good 82 23.4

Excellent 35 10

deviation of the knowledge score, the four categories
were  determined  by  scores fallen within the two
standard deviation on the left of the mean on a normal
cave and also on two standard deviation on the right of
the mean  [23].

A = Weak: Min< Mean- Sd
B = Mediate: Mean- Sd< B< Mean
C = Good: Mean <C < Mean + Sd
D = Excellent:  Mean + Sd< Max

The producer s’ knowledge toward AWRM ranged
from 5 to 15 (M=8.5and SD=2.3). Table 2 shows the detail
information on the producer’s knowledge frequency and
characterization. The result indicated that the majority of
respondents’ knowledge toward OFWM is classified
“mediate and good” range. This indicates that the
producers have a great potential to succeed in fulfillment
the goals of AWRM (Table 2).

By  using  LISREL software (version 8.5), ordinal
factor analysis was conducted to know the mechanisms
used by the producers in agricultural water resources
management, by which constructive equations revealed
that the best analysis are the factor analysis having four
factors and Logit function. As it can be  observed in
Table 3, soil and plant, managing the farm, water and
irrigating, monitoring and operation are the four first
grades factors in managing agricultural water resources
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Table 3: The quantities of standard parameters in factor analysis of mechanism used by the producers in agricultural water resources management

Latent variable Observed variables SS R   t   E Variance by factor2

Irrigation equal to irrigation requirement 0.79 62 12.98 0.086
Irrigation according to the heaviness soils 0.74 0.54 12.26 0.094

Soil and Plant Plant consumption water use knowledge 0.7 0.49 11.68 0.089 17.7
Familiarity with assigning water 0.69 0.48 11.21 0.085
Land grading 0.55 0.31 9.42 0.099
Conservation irrigation systems 0.61 0.38 11.43 0.1
Cultivating low and high level water 
plant simultaneous 0.61 0.37 8.96 0.11 14.240

Managing the farm Group usage of water resources to increase 0.61 0.37 8.850 0.100
watering productivity
No irrigation in the middle of day 0.57 0.34 8.79 0.097
Performing the suggested 
assigning crop model 0.56 0.32 8.42 0.23
Reducing the length of farm canal 0.71 0.51 11.25 0.069

Water and Irrigating Correct tracks 0.71 0.41 10.25 0.078 13.900
Adjusting irrigation canal deficiencies 0.63 0.39 9.5 0.11
Decreasing farm water run off 0.58 0.32 8.92 0.011
Removing weeds growing 
irrigation canals around 0.78 0.61 11.24 0.12

Monitoring and Operation Levelling land 0.76 0.58 7.38 0.910 13.390
Continuous monitoring of canals 0.27 0.36 6.770 0.089

Total 59.23%

Table 4: Suitability indicators in factor analysis mechanism used by the

producers in agricultural water resources management

Goodness of fit test Amount

Normal theory weighted least squares chi-square 360.16

P-value 0

Degrees of freedom 114

Root Mean Square Error of Approximation (RMSEA) 0.07

Comparative Fit Index (CFI) 0.95

Normal Fit Index (NFI) 0.93

Goodness of Fit Index (GFI) 0.89

Adjusted Goodness of Fit Index (AGFI) 0.85

The    total     explained     variance     by    these  four
factors  is  s59.23%  in  mechanism  used  by  the
producers  in  agriculture  water  resources  management
and the  rest  of  variance  explained  by   the  other
factors not included in the research (Table 3). Model fit
ranges from acceptable (RMSEA) to weak (X /df ratio and2

p- value) to good (CFI, GFI, AGFI and NFI (Table 4 and
Fig. 1).

Table 5 shows the grouping, arrived at by using
ordinal  factor  analysis  in  SEM  of   the  factors
(effective mechanism in order to empowering producers in
agricultural water resources management) into four latent
variables, namely technical and practical, recognition and
management and constructive.

Fig. 1: X model of mechanisms used by the producers in
agriculture water resources management

The quantities or amounts of standard parameter for
each factor) represented in Table 6 and 7) shows their
pressure on the variance that indicates the amount of t>2
and their share on the measurement of variance.

The  Adjusted  R  Square  (R )  explained  by  the2

factors   agriculture    water    management    activities
done by the government, mechanisms used by the
producers  in  agriculture  water   resources  management,
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Table 5: Factor analysis of effective mechanism in order to empowering producers in agricultural water resources management

Latent variable Observed variables Variance by factor

Technical Conservative irrigation systems, Installation of modern irrigation systems, 15.94
and practical using of discharge measurement equipment, acting according to the extension advices, canal lining
Recognition Irrigation equal to irrigation requirement, Cultivating low and high water plants simultaneous, 14.77

Familiarity with assigning water
Managing Unawareness of traditional methods low efficiency on low benefit in traditional methods, 14.27
water low acceptance of modern systems, Unawareness of modern irrigation technologies,
equipment lack of irrigation specialists expert 
Constructive Scattering of land tract, common water resources 9.41

Total 54.29%

Table 6: The quantities of standard parameters for X model (governmental activities, Physical and individual characteristic, Extension programs) 

Latent variable Observed variables SS R t E2

Dredging aqueduct 0.58 0.34 10.9 0.08
Restoring and renovation of canals 0.53 0.28 9.63 0.073
?pool reservoirs for agriculture water purposes 0.59 0.63 16 0.076

Governmental activities restoring and renovation of springs and related rivers 0.62 0.55 14.7 0.071
Repairing old wells 0.57 0.29 9.86 0.14
Size of the farm 0.41 0.56 13.03 0.074

Physical, individual factors Number of irrigated land tracts 0.7 0.33 10.03 0.069
Number of irrigation water resources 0.4 0.36 10.46 0.078
Share of water resource 0.84 0.49 11 0.49
Educational level 0.420 0.16 6.920 0.740
Participating in extension courses 0.75 0.56 15.21 0.071

Extension service Visiting the agent in the village 0.87 0.75 18.65 0.069
To study magazines 0.58 0.34 11.06 0.074
Visiting the agent in the extension stations 0.71 0.5 14.2 0.072

Table 7: The quantities of standard parameters for Y model (Optimizing agricultural water resources management, Mechanism used by producers) 

Latent variable Observed variables SS R t E2

Familiarity with assigning water 0.38 0.14 12.83 0.12
Continuous monitoring of canals 0.64 0.41 6.29 0.13
No irrigation in the middle of day 0.58 0.34 6.15 0.13
Agriculture crops circulation 0.62 0.39 6.23 0.14

Optimizing agricultural Correct canalling 0.56 0.32 6 0.13
Water management Reducing the length of farm canal 0.63 0.4 6 0.14

Performing the suggested assigning crop model 0.62 0.38 6.31 0.13
Land integration 0.57 0.33 6.04 0.13
Irrigation according to the heaviness soils 0.65 0.42 6.033 0.13
Using plants residuals to protect soil moisture 0.43 0.19 5.36 0.1
Group usage of water resources to increase 0.56 0.31 5.990 0 . 1 3 0
Adjusting irrigation canal deficiencies 0.63 0.38 11.61 0.11
Continuous visit on the canals 0.59 0.35 9.13 0.1

Mechanism used No irrigation in the middle of day 0.53 0.27 8.04 0.091
by producers Reducing  the length of farm canal 0.62 0.39 9.53 0.087

Performing the suggested assigning crop model 0.57 0.32 8.82 0.085
Decreasing farm water run off 0.66 0.46 9.98 0.096
Constructing farm canals for irrigation purposes 0.64 0.43 9.73 0.095
Using plants residuals to protect soil moisture 0.49 0.23 7.88 0.088
Plant consumption water use knowledge 0.56 0.31 8.750 0.091
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Table 8: The quantities of standard parameters for model (Optimizing agricultural water resources management)

Path SS R t E2

From Mechanism used by producers to 0.31 0.37 3.58 0.079
Optimizing agricultural water resources management
A  B
From Governmental activities to

Optimizing agricultural water resources management 0.38 0.23 4.83 0.089
C  B
From Physical, individual characteristic to

Optimizing agricultural water resources management -0.13 0.27 -2.14 0.064
E  B

From Governmental activities to Mechanism used by producers 0.18 0.27 2.64 0.067
C  A

From extension services to optimizing agricultural water 0.13 0.23 3.4 0.038
resources management D  B

From extension services to Mechanism used by producers 0.42 0.27 5.83 0.072
D  A 

Table 9: The direct, indirect and total effect in structural model

Path Direct Indirect Total

From Mechanism used by producers to optimizing agricultural  0.31 - 0.31
Water resources management A  B
From Governmental activities to 0.38 (0.31 × 0.18) = 0.05 0.43
Optimizing agricultural water resources management C  B 
From Physical, individual characteristic to Optimizing agricultural water -0.13 - -0.13
Resources management E  B
From Governmental activities to Mechanism used by producers C  A 0.18 - 0.18
From extension services to optimizing agricultural water resources management - (0.31 × 0.42) = 0.13 0.13
D  B 
From extension services to Mechanism used by producers D  A 0.42 - 0.42

Fig. 2: Structural model of optimizing agricultural water resources management
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Table 10: Suitability indicators in structural Optimizing agricultural water
resources management

Goodness of fit test Amount

Normal theory weighted least squares chi-square 726.59
P-value 0.03
Degrees of freedom 516
Root Mean Square Error of Approximation (RMSEA) 0.06
Comparative Fit Index (CFI) 0.91
Normal Fit Index (NFI) 0.88
Goodness of Fit Index (GFI) 0.86
Adjusted Goodness of Fit Index (AGFI) 0.83

extension services and physical and individual factors) in
order to cure the agricultural water management is 37%
and the rest of R  explained by the other factors not2

included in the research (Table 8).
By using Structural Equation Model (SEM) it was

cleared that the total effect related to the activities have
been done by the government to manage agricultural
water resources in order to cure the agricultural water
management and this factor has the biggest part of effects
in explaining the model (Table 9). Parameters indicated an
acceptable to good model fit (Table 10 and Fig. 2)

Structural Equations:
Water Management. B. = 
0.31* p.tav.A + 0.38* gov.C -.14* ph, Error var. = 0.63, R² = 0.37 
(0.080) (0.085) (0.064) (0.22)
  3.89 4.44 -2.14 3.37
p.tavn.A = 0.18*gov.C +0.42*EX.D, Error var. = 0.73, R² = 0.27
(0.067) (0.072) (0.12)
2.64 5.83 5.85
Reduced Form Equations
w.man.B = 
0.43*gov.C+ 0.13*EX.D -0.14*ph.E, Error var. = 0.80, R² = 0.23
(0.089) (0.038) (0.064)
4.83 3.40 -2.14
p.tav.A=
0.18*gov.C+ 0.42*EX.D + 0.0*ph.E, Error var. = 0.73, R² = 0.27
(0.067) (0.072)
2.64 5.83

DISCUSSION

As the ordinal factor analysis showed, the factors
based on the magnitude of their impact categorized into
four groups, namely soil and plant mechanisms, managing
the farm, water and irrigation, monitoring and operation.
The findings show that soil and plant factors are the most
important, a result that accordance of Akpabio et al.  [17] [22] believed that irrigation water management is a
and Ward et al. [11].

The results of the ordinal factor analysis show that
technical and practical factors are the most important
factors for empowering producers in agricultural water
resources   management.   According  to  Smith   [19]   and

Pike [20] pointed out that water management can be
greatly improved if the capacities, skills and perspectives
of water users are promoted.

Another purpose of the research is to identify
influential factors in agriculture water resource
management of Iran. SEM technique was used in order to
identify and determine the component of optimizing
agricultural water resource management and eventually it
was revealed that three latent independent variable
[Delivery extension service in agriculture water
management (C), governmental activity in agricultural
water resource management (E), physical and individual
characteristic (D) and producers’ capability in
implemented the water management mechanisms A) [ ]
describe optimizing agricultural water resource
management (B) [ ].

In description of causal model of influential factors in
optimizing agriculture water resource management using
structural model technique it is revealed that the variable
of governmental activity in agricultural water resource
management both directly and in interaction with variable
of producers’ capability by SS=0.43 play maximum part in
description of existing causal model in comparison with
other variables. Torkamani and Jamali Moghadam, [24]
Khanal, [25], Khasankhanova, [26]  and Regner et al.  [14]
researches emphasized on direct and indirect investments
of government along with private sector and local
societies in water resource and irrigation section
development for effectiveness of these programs to
increase of water resource efficiency. According to Najafi
and shirvanian, [27] and UN report for global water
development, [28], government has facilitator and
policymaking role in the water resource management
triangle. Also findings of Norozi and Chizari, [29] state
that the extension suitable tool for aiding farmers in the
field of agriculture water resource management and
development.

Structural equation model is expected to be useful for
designing targeted optimizing agricultural water resources
management. The most direct efficiency related to
activities done by the government to manage agricultural
water resources and total efficiency although related to
this factor in order to cure the agriculture water
management. Rahaman et al. [13], Pike, [20] and verma,

complex dynamic process constructed between various
stakeholders. In order to accelerate transition of
prosperity stages (optimizing agricultural water recourses
management), development support or interventions,
deriving from government and private sectors, are needed.
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CONCLUSION 2. Takashi, K., 2001. Globalization and management of

Increasing  populations and uncertain climatic constraints of diversified developing countries. Int.
changes will pose heavy demands on water resources in J. Water Resour. Dev., 17: 481-487. DOI: 10.m 1080
the future. Holistic approaches and integrated /07900620120094118.
management principles will be necessary to develop 3. Clothier, B.E., 2000. Globalization of water
sustainable systems and prevent catastrophes. management. J. Agric. Water Manage., 45: 215-216. 
Agricultural water management must be integrated with 4. Vinod, T., 2006. Water Management in Agriculture:
other water management practices. The actions of one Ten years of World Bank Assistance, 1994- 2004.
user group will affect the water interests of others. Much World Bank, Washington, DC., pp: 144. http:/ /www.
greater local, national and international efforts, world bank.org/ieg.
cooperation and expenditures are needed to meet future
food and water requirements in sustainable and
environmentally responsible ways.

Irrigation Water management is a complex dynamic
process constructed between various stakeholders. Local
management needs actions beyond local level, where local
socio-political dynamics, external support and networking,
effective accountability mechanisms between different
stakeholders might guide the organizational evolution,
rather than certain fixed set of design principles. Likewise,
participatory support processes needs to be practiced
beyond an instrumentalist perspective and focus on
social learning rather than on rigid planning procedures.
Such processes should be initiated only after adequate
learning of the system environment surrounding the water
use systems and must be able to translate its
opportunities and constraints in practical water
management.

Finally We Argue That Thecurrent Approaches to Local
Water Management Can Be Summarized into Two Key
Actions:

Development and empowerment of Water User’s
(WU) as new form of governance to govern and
manage irrigation water. 
Supporting the new organization through
participatory design process to help build up their
capacity to manage water and provide better working
conditions through more compatible technologies and
water management practices. 
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