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Introduction

One way to increase water use efficiency in the farms is performing pressurized irrigation system
projects. Proper choice of the type of pressurized irrigation system in each region is an important step
in the optimum use of water and soil resources (Hejazi Jahromi et al, 2011). Operating pressurized
systems requires initial costs, operating costs, energy consumption, and special equipment. Therefore,
if it is not chosen wisely, it will ultimately prove a non-economical option. Choosing the best irrigation
method in each region depends on several parameters, including required surveys with respect to the
conditions of the plain (topography and soil properties), region, crop, quantity and quality of irrigation,
and cultural and social characteristics of each project. Therefore, assessment of the feasibility of these
systems to make higher returns in a sustainable way is necessary (Gharadaghi et al, 2014). Land
suitability is studied in different regions of Iran, including Fars and Hamedan provinces (Rezaei et al,
2014; Akhavan and Ghaemizadeh, 2014), and the world (especially China) (Lio etal, 2013). According
to the existing instructions, the choice and design of pressurized irrigation systems should be based on
climatic conditions, topographic conditions, soil and water characteristics, crop, energy supply
conditions, cultural backgrounds, human resources status, operating conditions and maintenance, and
finally costs in each region (Alizadeh, 2007). Therefore, this research has taken into account all the
factors affecting the design of different irrigation methods to perform optimal zoning for
implementation of various irrigation methods in Ardabil plain in ArcGIS environment.

Material and methods

This research was conducted in Ardabil plain. To achieve the goals of this study, 19 major variables
and 66 minor variables were considered for evaluating potential suitable areas. According to existing
criteria, the ratings were selected in the range of -3 to +3. To weigh these variables, the range of
numbers was classified from 1 to 7 and attributed to the rankings so that the worst conditions
corresponded to the rating of -3 with the number 1, and the best conditions for the implementation
of the relevant irrigation were rated +3 with the number 7. Then, the required matrix was created by
comparing the weights for each criterion and subclass and considering the lowest inconsistency rate.
To create a map based on the weights for each variable, the ArcGIS software environment was
used through weighted overlay functions.

Results and discussion

To weigh up the major and minor factors, we need a proper weighting in which all weights are
considered. Then, zoned maps of some of the important parameters, such as slope percentage,
gualitative model, permeability and some chemical factors of water were created in the ArcGIS
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environment. These maps were considered as base maps and each an independent layer. By the GIS
system, the last layout of the layers was put together. The system calculated the highest score obtained
in each range and introduced proportionality or incommensurability of the system. Regarding the
zoning (Fig. 1 a), it was determined that in Ardabil Plain about 87,000 hectares (approximately 72%)
of the land were identified for proper surface irrigation and the rest of the land was considered
unsuitable. Although for drip irrigation systems topographical conditions are not a direct cause, non-
uniformity increases the cost, which reduces its privilege. These conditions are more pronounced in
the northern and southern parts of the plain. The map of the irrigation system of Ardabil plain irrigation
system (Fig. 2 a) shows that about 71400 (59%) hectares of land has been classified as appropriate,
26600 (22% ) hectares as relatively suitable and 23,000 (17%) hectares as inappropriate. Investigating
the potential of Ardabil plain for irrigation system showed that 39400 (32.5%) hectares of the lands
are in the suitable class. Also, relatively suitable and unsuitable classes were 12300 (10%) and 69300
(57.5%) hectares of the lands, respectively. The main limitation of the irrigation system in Ardabil
plain is the soil condition of the region, which requires detailed soil studies for improvement.

248000 256000 264000 272000 280000 288000 el 250000 2000 7200 280000 288000

(b)

(a)

4250000 4260000

4240000
4240000
4240000

4230000

4230000

4220000

248000 256000 284000 272000 280000 288000

=
iLegend

- Seate: 12 a
iE Unsuitable  coccdinne System: WGS1954 UTM Zane 398
! f o ax as '
il Suitable

248000 256000 264000 272000 280000 268000 248000 256000 264000 272000 260000 288000

4260000
0000

T
250000

»

.
248000 256000 264000 272000 280000 288000 248000 256000 264000

H d Legend
Lege"q N B Unsuitable  coardin
BN Unsuitable Coordina H
Fairly suitable s " w@» H L i :M itable,
19 Suitable 2 ) WS

Fig. 2- Available capacity for rain irrigation (a) and articulated method (b) in Ardabil plain
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Conclusion

In general, zoning maps and results in this study showed that in Ardabil plain, maximum limitation
for implementation of the irrigation system is about 57.5%, which is caused by soil and soil factors in
terms of available water index. Regardless of the amount of water in the plain and only in terms of
irrigation, it can be said that the lowest limit for irrigation systems belongs to surface irrigation.
According to the results of this research, limiting factors in drip irrigation systems and sprinkler
systems are topographic conditions and water quality.
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Table 1- Scoring different irrigation systems with wind and temperature factors (Alizadeh, 2007)

Sprinkler Irrigation

Trickle - - Surface
Parameter Irrigation  Linear Ce.nter- Gun Side- Hand-move Solid- Irrigation
pivot roll set
Wind speed(24-32km/hr) -2 -3 -3 -3 -3 -3 -3 -2
Wind speed(16-24km/hr) -1 -3 -3 -3 -3 -2 -2 -1
Wind speed(6.4-

16km/hr) 0 -2 -2 -2 -1 -1 -1 0
Wind speed(0-6.4km/hr) 0 0 0 0 0 0 0 0
Cold and mild weather 0 0 0 0 0 0 0 0
Warm weather -1 -3 -3 -2 -2 -2 -2 -1

(Alizadeh, 2007)ed! 55 o5 S 51 ST b (65T Cakizeo (Sbs dilolu 4 A3 Hliol Y J9u>
Table 2 - Scoring different irrigation systems with topographic elevation differences (Alizadeh, 2007)

Sprinkler Irrigation

Topographic height Trickle - - Surface
difference Irrigation  Linear Ce_nter- Gun Side- Hand-move Solig- Irrigation
pivot roll set
<5m +1 0 0 0 0 0 0 0
5-20m +3 +1 +1 +1 +1 +1 +1 0
20-40m +1 +1 +1 +1 +2 +2 +2 0
40 -60 m -2 +2 +2 +2 +3 +3 +3 0
>60m -2 +3 +3 +3 +1 +1 +1 0
(Alizadeh, 2007)oT 51955 9 o Jltie b (S bl Cilizko b Slolw 4 B3 3ol -V J9u>
Table 3- Scoring different irrigation systems with its slope and uniformity (Alizadeh, 2007)
. Sprinkler Irrigation
. Trickle - - Surface
Slope difference Irrigation  Linear Center- Gun Side- Hand-move Solid- Irrigation
pivot roll set

<2% +3 +3 +3 +3 +3 +3 +3 +2
2-4% +2 +2 +2 +3 +2 +2 +2 +1
4-10% +1 +1 +1 +2 +1 +1 +1 -3
10-20 % -3 -3 -3 -2 -3 -3 -3 *
> 20% _3 * * * * * * *
Completely uniform +3 +3 +3 +3 +3 +3 +3 +3
Partly uniform +2 +1 +1 +2 +1 +1 +1 -2
Non-uniform +1 -2 -1 +2 -1 -2 -2 *

23b oo 0 Byme (asls 4 drgi b (gylol wloles canls pie ze 4 ¢ Jglis dom > %

(Alizadeh, 2007) S $ 1§16 LIyl 30 skl Calisee Sk Slols & B3 jinl -£ Jgu
Table 4 - Scoring different irrigation systems in relation to cultural impacts (Alizadeh, 2007)

Sprinkler Irrigation

Performance record Trickle - - Surface
. - . Center- Side- Solid- L
and cultural impact Irrigation  Linear . un Hand-move [rrigation
pivot roll set
Bad cultural impact 3 . * * 3 2 * "
and record
Good cultural impact 1 3 3 2 1 " 3 1
and record
Good cultural impact " 1 i i 3 3 1 1
and non-record
There is now 3 1 2 2 3 3 1 1

pressurized irrigation
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Table 5 - Scoring different irrigation systems with infiltration and available water (Alizadeh, 2007)

Sprinkler Irrigation

Infiltration and available ~ Trickle Center- Side- Soiid- Surface
water Irrigation  Linear ; Gun Hand-move Irrigation
pivot roll set
Infiltration 1-2.5 mm/hr -3 * * * *
Infiltration 2.5-4 mm/hr +2 * * * +1
Infiltration 4-50 mm/hr +2 +2 +2 +2 +1 +2 +2 +2
Infiltration 50-120 " 2 2 2 1 2 2 2
mm/hr
Infiltration >120 mm/hr +3 +3 +3 +2 +2 +2 +2 *
available water 30-60 43 43 43 2 2 2 2 «
mm/m
available water 60-100 43 43 43 2 3 3 2 2
mm/m
available water 100-150 2 43 43 2 " " ‘1 "
mm/m
(Alizadeh, 2007) oL5" EF L bLiyl s ol Cilise sy dilols 4 D0 el -1 Jou>
Table 6- Scoring different irrigation systems by crop type (Alizadeh, 2007)
Root zone and height ~ Trickle Center- Sprinkler giré%?t'on Hand- Solid- Surface
crop Irrigation  Linear . Gun Irrigation
pivot roll move set
Root zonen:ess than 1 +3 +3 +3 ] 12 12 42 3
Root zonle nr:wre than 12 1 1 12 +3 +3 4 41
Height (irc;pnlless than 42 +2 +2 43 +3 +3 +2 +1
Height crop 1.5-3 m +2 +3 +3 +2 * * -3 +1
Height crop more 42 - - - - - 3 +2
than 3 m
Crops v_wth_dense - +3 +3 43 +3 +2 +2 +1
cultivation
Trees and gardens +3 * * * * -3 -3 +1

(Alizadeh, 2007) Ll (59 p cardg b HLI 1 50 (5 bl Liliseo (S dilolw 4 B3 3ol -Y Joda
Table 7- Scoring different irrigation systems in relation to manpower status (Alizadeh, 2007)

Sprinkler Irrigation

Trickle - - Surface
Manpower and worker Irrigation ~ Linear Center- Gun Side- Hand- Solid- Irrigation
pivot roll move set
Non-available skilled 3 * * 3 3 3 3 -1
manpower
Available skilled +3 3 +3 +3 +3 +3 +3 +3
manpower
Non-available semi-
skilled manpower and -2 -2 -1 -2 -2 -3 -1 -2
worker
Available semi-skilled +3 +2 2 +2 +3 +3 +2 +3

manpower and worker
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Table 8- Scoring irrigation systems in accordance with operation and maintenance (Alizadeh, 2007)

Sprinkler Irrigation

Operation and Trickle - - Surface
maintenance Irrigation  Linear Center- o,  Side- Hand- Solid- Irrigation
pivot roll move set
Far and deprived area -3 * * -3 -3 -3 -3 0
Has_ facility and +3 +2 +3 +3 +3 +3 +2 +1
neighbor area
Securanc accessory +2 +1 +2 +2 +3 +3 +2 0
Securanc accessory 9 3 3 2 1 1 3 0

limited

(Alizadeh, 2007) (3T O cuins”™ b B3 33 &kl Calize G Sl 4 &S il -4 J9u
Table 9- Scoring different irrigation systems in relation to irrigation water quality (Alizadeh, 2007)

Sprinkler Irrigation

Water qualit Trickle Solid- Surface
quality Irrigation  Linear  Center-pivot  Gun  Side-roll  Hand-move set Irrigation

Concentration <100 ppm -1 0 0 0 0 0 0 0

Concentration >100 ppm -2 -1 -1 -1 -1 -1 -1 0

pH< 7 +1 0 0 0 0 0 0 -1

pH 7-8 -1 0 0 0 0 0 0 0

pH > 8 -2 -1 -1 0 -1 -1 -1 -1

EC<1000 pumhos/cm +3 +3 +3 +3 +3 +3 +3 +3

EC 1000-2000 pmhos/cm -1 +2 +2 +2 +2 +2 +2 +2

EC 2000-3000 pmhos/cm -2 -1 -1 -1 -1 -1 -1 +1

EC 3000-3500 pmhos/cm -3 -2 -2 -2 -2 -2 -2 -1

EC 3500-4000 pumhos/cm * -3 -3 -3 -3 -3 -3 -3

EC>4000 pumhos/cm * * * * * * * -3

Na concentration <70 1 1 1 1 1 1 1 0
ppm

Na concentration 70-350 P P P P 2 2 P 1
ppm:

Na concentration >350 3 3 3 3 3 3 3 2
ppm:

Cl concentration <100 1 1 1 1 1 1 1 0
ppm

Cl concentration 100-700 P P P P 2 2 P 1
ppm:

Cl concentration >700 3 3 3 3 3 3 3 2
ppm

(Alizadeh, 2007) LT 4938 b LI 10 (G T Ciliseo S dibolu 4 23 el -V + Joua
Table. 10 - Scoring different irrigation systems in relation to their cost (Alizadeh, 2007)
. Sprinkler Irrigation
Trickle - - Surface
Cost Irrigation  Linear Center- ),  Side- Hand- Solid- Irrigation
pivot roll move set

Score -3 -1 -1 -1 -1 -1 -2 -2
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Table 11- Allocation of weight in percentage to each parameter for different irrigation methods in
Expert Choice software

General parameter

Minor parameter

Irrigation method
Center-pivot  Surface  Sprinkler  Trickle

Wind

Temperature
Slope %
Uniformity
Infiltration
available water
Topography

Topography
TDS

pH

EC

Na

Cl

Root zone

Height

Density

Cultural Cultural
Manpower
Operation

Manpower
Operation
Cost Cost

3 4 4 2
3 4 2 5
9 6 8 9
4 3 4 4
6 6 5 6
12 3 11 12
10 9 10 8
3 4 4 3
5 6 6 4
6 7 6 5
2 3 2 2
2 3 2 2
4 4 4 4
4 7 3 4
8 4 7 8
5 8 6 6
5 8 6 6
5 7 6 5
4 4 4 5
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