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Management of Irrigation Water Allocation
and Cropping Pattern with Emphasis on
Deficit Irrigation Strategy

Case Study: Qazvin Irrigation Network

M.A. Asaadi’, S. Khalilian?* and S.H. Mosavi?

Abstract

Considering the limitation of water resources and their value
in agriculture, the use of any alternative for efficient
consumption and optimal use of existing water is essential.
One of these solutions is Deficit irrigation. The purpose of this
study was to evaluate how different percentages of reduction
in water consumption in different growing stages as deficit
irrigation scenarios affect the Optimization of Water Use and
dominant cropping pattern (Wheat, Barley, Sugar beet, Forage
Corn, Maize corn and Alfalfa) in Qazvin plain irrigation
network. In order to maximize farm income, the Positive
Mathematical Programming (PMP) method was used along
with the method of Maximum Entropy (ME) based on the
reaction functions of the products yield to water in the space of
other constraints. The required information for this research
was obtained by using two-stage cluster sampling method
through completing 144 questionnaires in farming years of
2015-2016. Results showed that by applying deficit irrigation
at best condition (Reduction of 5% deficit irrigation at the
Ripening stage for Wheat, Barley, Corn forage, Maize and
sugar beet and 5% deficit irrigation at vegetative growth stage
for Alfalfa), despite the 5.2% saving in water consumption, it
is possible to increase farm income by 0.4%. On the other
hand, depending on the severity of the crisis and the amount of
the water scarcity, different decisions to determine the deficit
irrigation strategy and the region's cultivation pattern would be
made. This mean that if more water conservation is desired, the
results of the second and third scenarios are best options for
the optimal use of land resources and the minimum water
consumption. The result also showed that the total area under
cultivation of the selected products has decreased in
comparison to the base year and lands have changed to
uncultivated and fallow lands which in turn reduces the
pressure on land resources and increases the possibility of
tillage and soil conservation.
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Table 1- Specifications of crops, gross irrigation water and planting date of selected products
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Crops Vegetative Flowerin Yield Ripenin period Planting date consumption
growth 9 formation pening (day) (m3)
Wheat 110 59 62 30 261 10th of Mehr to 20th of Azar 7000
Barley 110 59 41 30 240 10th of Mehr to 20th of Aban 5500
Maize 20 42 51 30 143 15th of Ordibehesht to 10th 12000

of Khordad
Forage 20 32 20 18 901-1302 15th of Ordlbehesht to 15th 11000
Corn of Tir
Best 31 42 51 42 166 20th of Esfand to 10th of 15000
Khordad

Alfalfa 6 18 - - 5-6 years  10th of Mehr to 10th of Aban 16000

Source: EbrahimiPak (2016), Central Union of Rural Agricultural Cooperatives of Iran's (1- First cultivation, 2- Second cultivation)
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Table 2- Definition of variables and parameters
used in modelling

25035 032,54 (g oyl g W ke (520 Y Jgua
Jw

Variables

an (n x 1) vector of primal variables that are
defined as land area allocated to each crop
production i

an (m x 1) vector of dual variables associated
with fixed but allocatable resource constraints
an (n x 1) vector of dual variables associated
p with calibration constraints

Xj

A

Parameters

P an(n x 1) vector of Product market price i

an (n x 1) vector of Product performance i

an (n x 1) vector of Includes total production
} costs, excluding water costs

CW; Cost of using water per hectare of crop

.. Input consumption (k replace j) in crop
K production i

b an (m x 1) vector of resource constraints,

which is set as b = Axo

Observations and etc

an (n x 1) vector of observed primal variables
(i.e., the reference point). They are positive by
nature

e an(n x 1) vector of small positive numbers

X*

1
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Table 3- Comparing the current cropping pattern and water consumption with the modeling results in first

scenario
Jol S92 6w y3 Jo Jo 5 Jols g 39290 (B pae 0 jlae g CulS (558 dunnlio 51 Jols g - Jga
. Cropping area (ha) Gross irrigation water (1000 m3)
Crops (Deficit Irrigation) Current  PMP pattern %A Current Optimal %A
Wheat * 25000 21590 -13.6 175000 143778.63  -17.8
Barley* 2000 1230 -38.5 11000 6164.5 -44
Maize * 4800 5030 4.8 57600 57667.35 0.1
Forage Corn * 3200 3300 3 35200 34440.42 -2.1
Beet * 1000 1120 12 15000 16120.56 7.5
Alfalfa** 3000 4310 43 48000 65890.95 37.2
total area under cultivation 39000 36580 -6.2 - - -
Water consumption - - - 341800 324062.4 -5.2
Gross farm income (Million Rials) 1441504 1447375 0.4 - - -

Source: Research findings (*5% Stress on Ripening , **5% Stress on Vegetative)
(orbigy iy s yo )3 G5 70 2 (Jgnatmo oy Al yo 53 (o LT 70 %) giog glaaidl sisl
IFAY biawmo s o 0 )kowd o3yl JUo ¢y ! o aolio Cliyiioss
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Table 4- Comparing the current cropping pattern and water consumption with the modeling results in
second scenario

093 S92 5w y3 Jo U 5l Jeols 9 39290 (e O lade 5 CulS (o] dumlie 51 Jols gl -F Jouo
Cropping area (ha)

Gross irrigation water (1000 m3)

Crops (Deficit Irrigation)

Current  PMP pattern %A Current Optimal Y%A
Wheat * 25000 21000 -15.6 175000 118376.59  -32.3
Barley * 2000 1200 -40 11000 5293.37 -51.8
Maize *** 4800 4850 1 57600 49771.44  -13.6
Forage Corn *** 3200 3060 -4.4 35200 28632.01  -18.6
Beet * 1000 1050 5 15000 12782.87  -14.8
Alfalfa *** 3000 4680 56 48000 67828.51 41.3
total area under cultivation 39000 35840 -8.1 - - -
Water consumption - - - 341800 282684.8 -17.3
Gross farm income (Million Rials) 1441504 1434040 -0.5 - - -

Source: Research findings (*20% Stress on Ripening , **15% Stress on Ripening, ***10% Stress on Flowering )
(RS als po )3 G5 7Y+ oningy My dls yo 43 (T L VD B (Jgname ydwwy dls o 4D (o LT YT %) Guios slaadl nisl

Table 5- Comparing the current cropping pattern and water consumption with the modeling results in third scenario
Pow (892 )l )3 Jso Jo 5l Jiols 9 39290 (B paae Ol Hlalle g ClS (5 o 51 Jols mlS -0 Jgua

Cropping area (ha) Gross irrigation water (1000 m?)

Crops (Deficit Irrigation)

Current  PMP pattern %A Current Optimal %A
Wheat * 25000 21350 -14.6 175000 13475796  -23.3
Barley * 2000 1190 -40 11000 598140 -45.6
Maize ** 4800 4830 0.6 57600 49583.38 -13.8
Forage Corn** 3200 3030 -5.3 35200 28403.95 -18
Beet * 1000 1100 10 15000 15058.28 0.3
Alfalfa *** 3000 4670 56.7 48000 71497.44 49.4
total area under cultivation 39000 36190 -7.2 - - -
Water consumption - - - 341800 305282.4 -10.7
Gross farm income (Million Rials) 1441504 1432841 -0.6 - - -

Source: Research findings (*10% Stress on Ripening , **5% Stress on Vegetative and 10% on Ripening, ***5% Stress on Flowering)
(PN Al po ;3 (i LD cytmmwry 3 G5 7V b plg (onbgy iy dls po 53 (S 7D s cJgaaimo Gywunry Al o 53 o T 7V @ ) oo sl zis o
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Fig. 2- Comparison of gross farm income under deficit irrigation strategies
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