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ABSTRACT

Water scarcity is considered to be the most important bottleneck in the
development of agricultural sector of "Iran. Therefore, water-saving
technology has recently attracted the government authorities’ attention. This
study investigated the cffects of waler-saving tcchnolégics on cropping
pattern and employment in Fars province. The findings indicated that
investment in irrigation technology could changes the cropping pattern from
less capital and water-intensive to more capital and water-intensive crops.
Furthermore, the aggregate area under cropping would increase as a result of
water-saving. Adoption of water-saving technology increased employment
considerably. The best state of technology for employment in all
representative farms was partial investment case. The total number of labor
cmpioyed in small, mediuvm and large representative farms in this state
increased about 56%, 17%, and 103% as compared with state of non-
investment in new technology, respectively.

Key words: Cropping pattern, Employment, Investment, Water-saving

technologies.

1. Associate Professor and Fh.D. Student, respectively.



Torkamani & Haji-Rahimi

Ol 559l Oladas
YY: FY-VF (\YAY)

g S (5 9mI! 33 jauil ST (5598 3 (5105 Alo g il

SLECIY L

ey s2la ugeas g LS 3 ulga

sasS_ il .(_;_'}JJLJ-S alassl - G]_):\SJ 8394 {5\9_-:;&51..} K} Jl._ta.}all!d ol 53 4

'{:JI-J:.'1 U.&)Ludl TR TR :_,1_,.:.-.'-'; ‘}]J._\.J’a a5y .(_g_‘,_,‘,L.LS

oS>

S aewl ploal gioalas hds Hu dan s pwlba) Glal&as 51 (< LT oS

S s o pmeala s il 535S Ol S 1 Glaseilys da s (S50 o
G=iad sl 435L caata sy ol GGl 5a el OT g slai o (6,138 Gl
PV gmans 311, 0l 081 0515 e ol Gul Lo 6138 Wle yu 4S ula olia
ool s Gl St oV gane a4l OT 5 Glow 6 638 3l S
SadS ) b B0l el 813 e 0T Lo s Gga 5T s GusEl aK culaa
3 1y 55018 HLS (55 ULS-al 3 a5l o g el 5l ealitul .o gy JS
e a5l alins pad oS ulia (JUIE) GBul3E1 S 51 als Giul3al g et
JS el codla ol 5o o B0 008 Gl dadllae b se suislad de e
L dalie 5o S50 5 bowyie (S oS suinlad g5l5e o soliin] 55 s LI gy

‘Jldomuiflbjlm_)d \‘YJ\V&Q?#QQGJ!SQL&HrM&JL&

64



INTRODUCTION

Water scarcity is considered to be the most important bottleneck in the
development of agricultural sector of Iran. So, water-saving technology has
recently attracted the government authorities' attention. An important
priority in the second five-year- period economic and social development
program of the Islamic Republic of Iran (1994-1999) was investment in
water-saving technologies, especially sprinkler irrigation. A heavy
investment was done but the outcomes of the program do not seem to be
satisfactory.

This study investigated the water- saving technology change and its
effects on farmers’ cropping pattern and labor force employment in Fars
province. Fars province is one of the largest agricultural zones in Iran,
containing 1.6 million ha crop lands with semi-arid climate. So, it can be
considered as a well miniature of whole country.

Water-saving technology involves a shift from the high water
consuming conventional surface irrigation to a sprinkler irrigation system.
The modernization program was begun in 1994 and until 1997 an area about
10000 ha was involved. The distribution of water-saving irrigation systems
in different regions of Fars province is presented in Table L.

No published study about water-saving irrigation systems in Fars
province was found in the literature. Jafari (3) studied the water-saving
technologies in Hamadan province. He used dynamic linear programming
model for analyzing investment behavior on annual crops. The results of his
study indicated that investment in water-saving technologies extended
profitable crops, and caused to bring more lands under cultivation.
Therefore, demand for labor increased. Nevertheless, adoption decision \#as
highly sensitive to initial costs of the investment, interest rate, and surface
irrigation efficiency. Changing the relative crop prices affected the
substitution pattern of crops for replanting. Water charges and discount rate
proved to have no-effect on investment behavior.

Mallawaarachchi et al. (5) studied the investment in water-saving
technology on horticultural farms in Murrumbidgee. Australia. They used a
long run programming model for analyzing investment behavior on perennial

crop farms. The long run programming model has been used to examine
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possiblc investment in water-saving technology at different crop prices and
input costs. The results indicated that such investment is a profitable option,

particularly for those farmers with access to off-farm employment.

Table 1. Distribution of water-saving irrigation systems in Fars province (ha).

Water-saving irrigation system

Row Region Wheel Fixed Moving Gun "~ Center
Move  Classic Classic Pivot

1 Abadeh 119.06 108 201 - -
2 Darab 132 108 126 - 569
3 Eghlid 2339 105.6 387.5 167 400.8
4 Estahban 20 52 116.5 - -
5 Fasa 52 13 331.35 - -
6 Firoozabad 42 12473 96.65 - -
7 Jahrom 6.5 107.8 233.5 4.4 -
8 Kazeroon 34 71.67 2168 20 -
9 Lar 114.5 - 119 - -
10 Lamerd 473 - 133 35 926
11 Mamasani 45 - 852 128 -
12 Marwdasht 657.7 3.5 890.35 - 30
13 Nairiz 192 54.4 370.83 - -
14 Sepidan 56.5 - 171.1 7 -
15 Shiraz 430.3 85.25 1356.51 - -
Sum 2182.56 816.02 4818.79 381.4 1122.8

Source: Unpublished information from Agricultural Organization of Fars

province.

Caswell and Zilberman (1) introduced an econometric technique to
analyze the factors affecting the land shares of alternative irrigation
technologies in agriculture. They estimated the likelihood of use of drip,
sprinkler, and surface irrigation in the Central Valley of California. Higher
water costs, .the usc of ground water, the production of nuts, and location
were found to increase the likelihood of using drip and sprinkler irrigation.

They also found that water price increment induced water conservation.
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Kumar et al. (4) applied cost models for preliminary economic
evaluation of sprinkler irrigation systems. These models require limited
input data, with simplifying assumptions about field shape, pipe orientation,
and sprinkler layout used to size irrigation system components. A sensitivity
analysis of the cost models showed that crop price. interest rate, and
irrigation system component costs were the most important input parameters
affecting model output. Crop price was very signifjcant in determining final
profitability of irrigation systems.

Regev et al. (6) presented an analysis of modernization of a
traditional irrigation project in which the transition to a capital-intensive
and water-saving irrigation system was accompanied by a shift to a new crop
mix dominated by high-income vegetable crops, grown using a modern
technology package. The findings of this study indicated that a modern
irrigation project, incorporating drip irrigation systems, in combination with
high-value cash crops, attained a high internal rate of return to capital. A
modern irrigation project incorporating drip system, but practicing
traditional crop mix, was not economically justified. Under conditions of
scarce capital' resources partial, modernization system which include only
selected component of modernization, may be appropriate.

Dinar and Yaron (2) developed a procedure (o estimate the
technology cycle. The technology cycle were used to estimate diffusion-
abandonment patterns for several irrigation technologies that had been
abandoned. Results suggested that diffusion were significantly affected by
variables such as watkr price, crop yield price, and subsidy for irrigation

equipment,

MATERIALS AND METHODS

The necessary data for this study was collected via interview and
questionnaire. Considering the way of distribution of water-saving irrigation
systems in Fars province (Table 1), Abadeh, Eglid, Darab, Shiraz. and
Marwdasht regions were selected as sampling areas. Then, 30% of farmers
in each region who had adopted water-saving systems, and almost the same
number of other farmers, were chosen to be interviewed. In that way, 95
questionnaires for 1997-1998 cropping year were completed. The collected

data were divided into three homogenous groups on the basis of farm size.
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For cach of the homogenous group, a representative farm was constructed.
Representative farm I was 12.5 ha in size, with 6 alternative crops: wheat,
barley, sugar beet, tomato, potato, and alfalfa. Representative farm II was
43.3 ha in size, and 4 alternative crops: wheat, barley, sugar beet, and
tomato. Representative farm III was 122 ha in size, and 6 alternative crops:
wheat, barley, sugar beet, tomato, potato, and alfalfa. The maximum acreage
for tomato in all representative farms was constrained to 6 ha considering
the marketing limitations.

This study employed a dynamic linear programming model (DLPM)
specified with a 6-year time horizon. The model was designed to enable
identification of the long-run equilibrium solution to the optimization
problem. which comprises the choice of optimal scale and mix of possible
investment strecams. The basic structure of DLPM is described below.

Dynamic linear programming model contains more than one period.
The periods are related to each other by linking variables. The farm
performance is optimized in each period, and at the same time the optimal
solutions for different periods are coordinated through an aggregate
planning. The structure of dynamic linear programming is shown in Fig. 1.

The relationship between period 1 with period 2 and between period
2 with period 3 arc established by Li> and L,; blocks. L3 relates period 1

and period 3 indirectly.

Net Marginal Return of Activities

Period 1
Li» Period 2
Lis Lo Period 3

Fig. 1. The structure of dynamic linear programming model.

It was assumed that the farmers wish to maximize the profits gained
from their income generation activities. Production and consumption are two
concurrent activities in a farm business and are somehow difficult to
scparate (5). Therefore, profits were considered to include both consumption

and capital accumulation in the model. The objective function was designed
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to maximize the net cash surplus at the planning horizon. The form of

objective function presented below:
Max Z = CX! i 3
%
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where:

I = Type of irrigation, traditional or microirrigation (1, 2),

J = Number of crops in the patterns,

X' = Activity i in period t,

Ci' = Gross margin of activity i in period t,

(Awi)" = Technical coefficient of input h for activity i in period t,
(Lgi)' = Linking variable g for activity i in period t,

By' = Available amount of input h in period t.

The planning horizon was considered to be 6 yr, because the loan is
repaid in this period. The initial source for investment funding is bank loan,
followed by the gross margin of each year. The interest rate (with
government subsidy) for loan is 6%, and this rate was considered as the
discount rate in calculating present values. The alternative activities
included cropping wheat, barley, sugar beet, tomato, potato, and alfalfa. The
main inputs included capital, land, water in different seasons and different

technology and labor in different seasons.

RESULTS AND DISCUSSION

Effects of Water-Saving Technology on Cropping Pattern

Investment in water-saving technology can alter ‘the relative

profitability of alternative crops. The relative profitability changes cropping
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pattern in turn. Moreover, if existing water source is not sufficient for the
irrigation of all available lands, adoption of water- saving technology would
cause the total area under cropping to be increased. For evaluating the
effects of investment in water-saving technologies on cropping pattern, the
optimal cropping patterns were determined for representative farms in three
stales: no-investment, partial investment, and complete investment in water-
saving technology. All crops could be irrigated by conventional or by
sprinkler systems. The optimal cropping patterns for representative farms 1

to 3 are presented in Tables 2, 3 and 4, respectively.

Table 2. Optimal cropping pattern without investment in water-saving
technology (ha).

Representative Farm 1
Farm crop Irrigation First Second Third Fourth Fifth  Sixth

system year year year year year  year
Wheat Conventional 2.29 = - - - -
Barley Conventional - 2.66 3.03 3.38 3.57 3.43
Sugar beet  Conventional - - - - - -
Tomatoes  Conventional 1.89 1.54 1.09 0.67 0.30 -
Potatocs Conventional - - - - - -
Alfalfa Conventional 0.5 0.5 0.5 0.5 0.5 0.5
Sum 4.68 4.7 4.62 4.55 4.37 3.93
Representative Farm TI
Wheat Conventional 12.9 12.9 12.9 12.9 12.9 12.9
Barley Conventional - - - - - -
Sugar beet Conventional - - - - - -
Tomatoes  Conventional 6 6 6 6 6 6
Sum 18.9 18.9 18.9 18.9 18.9 18.9

Representative Farm ITT
Wheat Conventional 59.67  59.67 59.67  59.67 59.67 59.67

Barley Conventional - - = - r o
Sugar beet Conventional - - - - - -
Tomatoes Conventional 6 6 6 6 6 6

Potatoes Conventional - - = - - -
Alfalfa Conventional - - - . - -
Sum 65.67 65.67 65.67 65.67 6567 65.67

For non-investment case in water-saving technology (Table 2), optimal
cropping pattern for the first representative farm contained 2.29 ha wheat,
1.89 ha tomato, and 0.5 ha alfalfa for the first year. Wheat would be
removed from the pattern in the second year, instead barley entered and its
cropping area increased steadily. Tomato remained in pattern until the fifth

year, however, its cropping area decreased. Alfalfa had a constant arca of
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0.5 ha for all the years. These results indicated that in the planning horizon,
the pattern gradually shifted toward capital saving crops. So the income of
farm was insufficient for family consumption costs and nccessary capital for

reinvestment in farm. In other words, this system was unstable.

Table 3. Optimal cropping pattern for partial investment in water-saving
technology (ha).

Representative Farm I
Farm crop Irrigation First Secon Third Fourth  Fifth  Sixth

system year dyear year year year  year
Wheat Conventional - . - - = -
Sprinkler 422 148 148 1.48 148 148
Barley Conventional - - - - - -
Sprinkler - - - - - -
Sugar beet Conventional - - - - - -
Sprinkler - - - - - -
Tomato Conventional - - - - - -
Sprinkler - = - - - -
Potato Conventional 1.22 - - - - -
Sprinkler - - - - - -
Alfalfa Conventional - - - - - -
Sprinkler 2.15 3.48 348 3.48 3.48 3.48
Sum 7.59 4.96 4.96 4.96 496 4.96
Representative Farm I
Wheat Conventional 1.68 - - - - -
Sprinkler 23.19  26.67 26.67 26.67 26,67 26.67
Barley Conventional - B - - . -
Sprinkler - - - - - -
Sugar beet Conventional - - - - - -
Sprinkler - - - - - -
Tomato Conventional 6 6 6 6 6
Sprinkler - - - - - -
Sum 30.87 3267 3267 3267 3267 3267
Representative Farm I
Wheat Conventional 35.07 - - - - -
Sprinkler - 64.22 64.22 6422 6422 6422
Barley Conventional - - - - - -
Sprinkler - - - - - -
Sugar beet Conventional - - - - - -
Sprinkler - - - - - -
Tomato Conventional 6 6 .6 6 6 6
Sprinkler - -
Potato Conventional 1.22 - - - - -
Sprinkler - - - - - -
Alfalfa Conventional - - - - - C -
Sprinkler 30.5 35.46 3546 3546 3546 3546

Sum 7157 10568 1057 1057 1057 105.7
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For the second representative farm, the optimal cropping pattern was
constant for all the planning years as 12.9 ha wheat and 6 ha tomato. From
the total available land, 43.3 ha, only 18.9 ha were used (44%) and the
remaining became idle as a result of water scarcity.

The optimal cropping pattern for the third representative farm
consisted of 59.67 ha wheat and 6.00 ha tomato that remained constant for
the whole horizon time.

Table 3 summarizes the results of partial investment in water-saving
technology state. In this case, the model can choosc the kind of irrigation
system besides the extent of the area under cropping for each farm crop.

The optimal cropping pattern for the first representative farm contains
4.28 ha wheat and 2.15 ha alfalfa in sprinkler irrigation system, and 1.22
ha potato in conventional irrigation system for the first period. The pattern
for the second period to the sixth remains constant and consisted of 1.48 ha
wheat and 3.48 ha alfalfa in sprinkler irrigation system. The optimal
cropping pattern for the second representative farm consisted of 1.68 ha
wheat with conventional irrigation for the first year and 23.19 ha with
sprinkler irrigation and 6 ha tomato with conventional irrigation. From the
second year, with the removal of capital scarcity, conventional irrigation of
wheat were removed, but conventional irrigated tomato remained in the .
pattern. Optimal cropping pattern for years 2 to 6 consisted of 26.67 ha
sprinkler-irrigated wheat and 6 ha conventional ifrigaled tomato. The extent
of increasing area under cropping, as the result of water-saving, in
comparison to non-investment case in year 1 and years 2 to 6 was 160% and
170%, respectively. Optimal cropping pattern for representative farm IIT in
this case consisted of 35.07 ha conventional irrigated wheat, 6.00 ha
conventional irrigated tomato and 30.5 ha sprinkler irrigated alfalfa for year
1, and 64.22 ha sprinkler irrigated wheat, 6 ha conventional irrigated
tomato, and 35.46 sprinkler irrigated alfalfa.

Optimal cropping patterns for complete investment in water-saving
technology are presented in Table 4. In this case, the model can only choose
sprinkler irrigation system. For the first representative farm, the pattern
remained constant for all the six-year period, and consisted of 1.48 ha wheat
and 3.48 ha alfalfa. Comparison of Table 2 and Table 4 for this

representative farm, indicated that saving water-because of new technology
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did not affect the aggregate arca under cropping considerably. However,

cultivation of more profitable, as well as more water taker, alfalfa crop was

possible. Optimal cropping pattern for representative farm II in this state

consisted of 23.34 ha wheat and 6 ha tomato for year 1, and 31.06 ha wheat

and 6 ha tomato for years 2 to 6.

Table 4. Optimal cropping pattern for complete investment in water-

saving technology (ha).

Representative Farm 1

Farm crop Irrigation First  Second  Third Fourth  Fifth  Sixth
system year year year year year  year
Wheat Sprinkler 1.48 1.48 1.48 1.48 1.48 1.48
Barley Sprinkler - - - - - ¥
Sugar beet  Sprinkler - - - - - -
Tomato Sprinkler - - - - - -
Potato Sprinkler - - - - - -
Alfalfa Sprinkler 3.48 348 348 3.48 348 3.48
Sum 4.96 4.96 4.96 4.96 4.96 4.96
Representative Farm 11
Wheat Sprinkler ©23.34 31.06 31.06 31.06 31.06 31.06
Barley Sprinkler - - - ® = s
Sugar beet  Sprinkler - - - - - -
Tomato Sprinkler 6 6 6 6 6 6
Sum 29.34 37.06 37.06 37.06 37.06 37.06
Representative Farm 111
Wheat Sprinkler 113.05 87.27 87.22 8738 86.84 63.55
Barley Sprinkler - - - - - -
Sugar beet  Sprinkler = = - = - -
Tomalto Sprinkler 6 6 6 6 6 6
Potato Sprinkler - - - - - -
Alfalfa Sprinkler - 24.27 243 243 2453 385
Sum 119.05 117.54 1175 1177 11737 108.05

Optimal cropping pattern for representative farm III in this state

consisted of 113.05 ha wheat and 6 ha tomato for year 1; 87.27 ha wheat, 6
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ha tomato and 24.27 ha alfalfa for year 2; 87.22 ha wheat. 6 ha tomato and
24.27 alfalfa for year 3; 87.38 ha wheat, 6 ha tomato and 24.3 ha alfalfa for
year 4. 86.84 ha wheat, 6 ha tomato and 24.53 ha alfalfa for year 5; and

63.55 ha wheat. 6 ha tomato and 38.5 ha alfalfa for year 6.

Effects of Water-Saving Technology on Employment

Water-saving irrigation systems need less labor force per unit of land.

Therefore. adopting these technologies may decrease employment. This
problem is very important in Iran suffering from a high unemployment rate.
For evaluating the effects of investment in water- saving technologies on
employment, the number of labor force employed in different irrigation
systems was compared in the three technology states. The results are

prescnted in Table 5.

Table 5: Number of labor force employed in different irrigation systems

{man-day).
Year Sum
1 2 3 4 5 6

Representative Farm I
Non-investment 194 184 170 156 141 122 967
Partial investment 304 243 243 243 243 235 1511
Complete investment 201 201 201 201 201 194 1199
Representative Farm 11
Non-investment 609 609 609 609 609 609 3654
Partial investment 722 739 739 739 739 605 4283
Complete investment 613 737 737 737 737 580 4142
Representative Farm IT1
Non-investment 1648 1648 1648 1648 1648 1648 10104
Partial investment 3040 3574 3574 3574 3574 3252 20588
Complcte investment 2049 3166 3167 3163 3175 3365 18085

In spite of the usual assumption. adoption of water-saving technology
did increase employment considerably. The best state of technology for

employment in all representative farms was partial investment state. The
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total number of labor employed for the small. medium and large
represcntative farms were 1511, 4283, and 20588 man-day, having 56%,
17%. and 103% increasc comparcd with the state of no-investment in new
technology, respectively. The reason of the employment extension is that the
water-saving technology under the conditions of our study, that water source
is the limiting factor of farming, notably increased the total area under
cropping.

The positive cffect of increasing the area under cropping recovered the
negative effect of decreasing the employment per unit of land. Since the
partial investment state did not impose the kind of irrigation system and
used simultancously the advantage of two alternative technologies, it was a

very appropriate state from the employment viewpoint.
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