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Abstract

For the proper use of water resources and prevention of soil degradation, it is necessary to select
the best irrigation system. The aim of this study was to map the land suitability evaluation for different
irrigation methods (surface and drip) in 46000 ha of Sistan plain including Hirmand, Hamon, Nimroz,
Zahak, and Zabol counties. For this purpose, 600 pedons with an approximate distance of 700 to 800
m were excavated, described, and sampled. In this study, land suitability evaluation for different
irrigation methods based on soil properties and topography was done using the parametric method.
Then, land suitability maps for surface and drip irrigation methods were prepared using the Inverse
Distance Weighting (IDW) method. The results showed that in the studied area, the conditions for drip
irrigation are better than the surface irrigation method. However, in many studied areas, there are
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restrictions for drip irrigation, and for proper and efficient use of this irrigation system, the restrictions
must be removed. Moreover, the results confirmed that in all studied areas the most important
limitations are salinity/alkalinity and limitations due to physical soil properties. The silty clay and silty
loam textural were the most limitation classes. Due to the fact that changing the physical properties is
not easily possible, it seems that soil remediation based on salinity and alkalinity can help to remove
or reduce the limitations.
Keywords: Suitability Index, Pedon, Irrigation System.
Introduction

Food security and stability in the world greatly depend on the management of natural resources.
Moreover, farm production should be increased using these limited resources for feeding the growing
global population. The scarcity of water in arid and semiarid regions such as Iran is a restrictive
element for the agricultural sector. Therefore, there is an urgent need to develop initiatives to save
water in this particular sector. For proper use of water resources and prevention of soil degradation, it
is necessary to select the best irrigation system. In this regard, the aim of this study was to map the
land suitability evaluation for different irrigation methods (surface and drip) in 46000 ha of Sistan
plain including Hirmand, Hamon, Nimroz, Zahak, and Zabol counties.

Methodology

The present study was conducted in an area of about 46000 ha in the Sistan plain, northeast of
Sistan and Baluchestan Province, Iran. The Sistan plain is located in Hirmand, Hamon, Nimroz, Zahak
and Zabol counties. In this study, 600 pedons with an approximate distance of 700 to 800 m were
excavated. All the pedons were described according to the field book for describing and sampling soils
(Schoeneberger, Wysocki, & Benham, 2012). Then, soil samples were taken from different genetic
horizons. Soil samples were air-dried, grounded, and passed through a 2-mm sieve. Then, particle size
distribution, pH, Electrical conductivity (EC), calcium carbonate equivalent (CCE), the content of
organic carbon, soluble Ca, Mg, Na, and K were determined. In this study, land suitability evaluation
for different irrigation methods based on soil properties and topography was done using the parametric
method. The capability index for irrigation was determined based on the rating of soil properties.
Then, the suitability classes were defined according to the value of the capability index. After that,
land suitability maps for surface and drip irrigation methods were prepared using the Inverse Distance
Weighting (IDW) method.

Discussion

The results show that Hirmand County with 916 ha has the highest and Hamoon County with 226
ha has the lowest land area with S1 suitability class for surface irrigation. In Hamoon County, in
relation to the ability to use surface irrigation, the majority of the studied lands (approximately 4492
ha) have S2ns class. Zahak County with 929 ha has the highest and Hamoon County with 214 ha has
the lowest level of lands with S1 suitability class for drip irrigation. Based on the values of overall
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accuracy and kappa index, it can be stated that for all counties and both irrigation methods, the
predictions were accurate. The overall accuracy of 80% and the kappa index of 0.7 indicate the high
accuracy of the predicted maps.

Conclusion

The results show that in the studied area, the conditions for drip irrigation are better than the
surface irrigation method. However, in many studied areas, there are restrictions for drip irrigation,
and for proper and efficient use of this irrigation system, the restrictions must be removed. Moreover,
results confirm that, in all studied areas, the most important limitations are salinity/alkalinity and
limitations due to physical soil properties. The silty clay and silty loam textural are the most limiting
classes. As changing the physical properties is not easily possible, it seems that soil remediation based
on salinity and alkalinity can help to remove or reduce the limitations.
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Table 1- Rating of textural classes for surface and drip irrigation methods

Rating for surface irrigation Rating for drip irrigation
. Fine gravel™ (%) Coarse gravel™ (%) Fine gravel (%) Coarse gravel (%)
Texture

15< 15-40 | 75-40 15-40 75-40 15< | 15-40 | 75-40 15-40 | 75-40
CL 100 90 80 80 50 100 | 90 80 80 50
SiCL 100 90 80 80 50 100 | 90 80 80 50
SCL 95 85 75 75 45 95 85 75 75 45
L 90 80 70 70 45 90 80 70 70 45
SiL 90 80 70 70 45 90 80 70 70 45
Si 90 80 70 70 45 90 80 70 70 45
SiC 85 95 80 80 40 85 95 80 80 40
C 85 95 80 80 40 85 95 80 80 40
SC 80 90 75 75 35 95 90 85 80 35
SL 75 65 60 60 35 95 85 80 75 35
LS 55 50 45 45 25 85 75 55 60 35
S 30 25 25 25 25 70 65 50 35 35

*: CL= Clay Loam, SiCL=Silty Clay Loam, SCL=Sandy Clay Loam, L=Loam, SiL=Silty Loam,
Si=Silty, SiC=Silty Clay, C=Clay, SC=Sandy Clay, SL=Sandy Loam, LS=Loamy Sand, S=Sandy

: Gravels with 2mm to 2.5 cm

“": Gravels greater than 2.5 cm
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Table 2- Rating of soil depth for surface and drip irrigation methods

Soil depth (cm) Rating for surface irrigation Rating for drip irrigation
<20 25 35
20-50 60 70
50-80 80 90
80-100 90 100
>100 100 100
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Table 3- Rating of CaCO3 for surface and drip irrigation methods

CaCO3 (%) Rating for surface irrigation Rating for drip irrigation
>50 80 70
25-50 90 80
10-25 100 95
0.3-10 95 95
<0.3 90 90
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Table 4- Rating of CaS04.2H,0 for surface and drip irrigation methods

CaS04 (%) Rating for surface irrigation Rating for drip irrigation
>50 30 20
25-50 60 50
10-25 85 75
0.3-10 100 90
<0.3 90 90
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Table 5- Rating of salinity with considering soil texture for surface and drip irrigation methods

Rating for surface irrigation Rating for drip irrigation
ECe (dSm-1) C,SiC, SC, S C,SiC, SC, S Other
« Other textures
textures textures textures

4< 100 100 100 100

8-4 20 95 95 95
16-8 80 90 85 90
30-16 70 85 75 80
30> 60 80 65 75

": C= Clay, SiC= Silty Clay, SC= Sandy Clay, S= Sand

e bl Gl S il Ol l b el - g, 08 Olrys 1 Jpas

Table 6- Rating of salinity/alkalinity with considering soil texture for surface irrigation methods

ECe (dSm-1)

ESP (%) 4-0 8.4 16-8 30-16 30>
8-0 *100¢100 )90 (95 )80 (90 )70 85 )60 (80
15-8 )90 (95 )80 (90 )70 85 )60 (80 )50 (75

30-15 )80 (90 )75 (85 )60 80 )50 (75 )40 (70
30> )70 85 )60 (80 )50 (75 )40 (70 )30 (65

: Numbers in parentheses are for Clay, Silty Clay, Sandy Clay and Sandy texture classes
and numbers out of parentheses are for other texture classes

$lo kb 55kl (sl S b Olaaml b Sl - (5,5 Sl s -V Jsir

Table 7- Rating of salinity/alkalinity with considering soil texture for drip irrigation method

ECe (dSm-1)

ESP (%) 4-0 8-4 16-8 30-16 30>
8-0 #100¢100 )95 (95 )85 (90 )75 (85 )65 (80
15-8 )90 (95 )80 (90 )75 (85 )65 (80 )55 (75

30-15 )80 (90 )75 (85 )65 (80 )55 (75 5 (70
30> )70 (85 )60 (80 )55 (75 5 (70 )35 (65

" Numbers in parentheses are for Clay, Silty Clay, Sandy Clay and Sandy texture classes
and numbers out of parentheses are for other texture classes
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Table 8- Rating of drainage classes for surface and drip irrigation methods

Rating for surface irrigation Rating for drip irrigation
Drainage Classes SCSSC!CTeiIti:;s Other textures SCSSC!(EI'e?(ItﬁI!;s Other textures
Well Drained 100 100 100 100
Moderately Drained 80 90 100 100
Imperfectly Drained 70 80 80 90
Poorly Drained 60 65 70 80
Very Poorly Drained 40 65 50 65
Drainage Status not known 70 80 70 80

ol bz sl gy 6l et Slrjs -4 Jpa
Table 9- Rating of slope for surface and drip irrigation methods

Slope (%) Rating for surface irrigation Rating for drip irrigation
Non-terraced Terraced Non-terraced Terraced

1-0 100 100 100 100

3-1 95 95 100 100
5-3 90 95 100 100
8-5 70 95 90 100
16-8 60 85 80 90
30-16 50 70 60 70
30> 30 50 40 50

Land ) o lal ol cals jaxls oy daly (elal  coddnl Jelse 51 G n ol i y5 s 51

1 4wwl=s (Suitability Index for Irrigation
B C D E F G

LSI = A x X X X X X
100 100 100 100 100 100
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Table 10- Land suitability index for irrigation and suitability classes

Capability Index Suitability classes Definition
80> S1 Highly suitable
80-60 S2 Moderately suitable
60-45 S3 Marginally suitable
45-30 N1 Currently not suitable
30< N2 Permanently not suitable

Srgs s diomn =8 a2 et e L ke 35 &l p oo oS 15 N2 552 sla oS sl
o by e Glacssiioe =N (=5 ds s 5 dalas adS Sl S ds s (S Sl S Ges 4 by
Ay ik s e 0 b e sl =l AS5 4 bg e s sl W e SUE (g5 5

ol s Sl S 5 stuag

S35 3 ATCBIS 13l 5 51 asbinel b o liite (slag S (s s o cotls o3IS 25 5 oS el 31
et mlS Sl WS 5 &t sy saaii (Inverse Distance Weighting- IDW) dlob 0 Sas 2303
5 s ol pskied s 4 gl Jab 5 e (gLl (sba i, 5 Ol s Cilises slalin 4 5l
sl s Bl L ¢ gy ol 5 s eslanad (Congalton, 1991: 35-46) U= o sl Sldadls s lael
Como Lot Ll dle b s A o) St 2y o Zundly b 4l (555 252 50 (Sla IS 1 3)

n
OA = ZXH/N
i=1
n n n
K = Nzxxii - Z(Xio X Xoi) /N* — Z(Xio — Xoi)
i=1 i=1 i=1
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Table 11- Area of suitability subclasses (ha) for surface irrigation method in studied county

Subclass _ Stud_ied county
Zahak Hirmand Nimroz Hamon Zabol
S1 611 916 309 226 584
S2ns 4387 9287 3328 4976 3635
S2n - 66 141 54 -
S2s 2486 2496 789 2382 1148
S3ns 1693 751 1660 2060 454
S3n - - 162 - _
S3s 839 321 126 186 266
N1ns 88 115 386 215 -
N2ns - 37 110 9 -
N2s - - - 70 -
Summation 10104 13980 6885 10178 6087
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Table 12- Area of suitability subclasses (ha) for drip irrigation method in studied county

Subclass Studied county
Zahak Hirmand Nimroz Hamon Zabol
S1 929 460 215 214 321
S2ns 5692 8084 4059 6688 3655
S2s 3087 4813 999 1666 2036
S3ns 396 419 1157 1456 75
S3s - - - 22 _
N1ns _ 175 386 123 _
N2ns _ 29 69 9 -
Summation 10104 13980 6885 10178 6087
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Figure 2- Map of suitability subclasses for surface (A) and drip (B) irrigation methodsS in Zahak County
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Figure 3- Map of suitability subclasses for surface (A) and drip (B) irrigation methodS in Hirmand County
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Table 13- Validation results of predicting land suitability subclasses for surface and drip irrigation

methods
Studied county Surfac;) i\;(rairgéltiiﬁlcuracgrgg)/iar?igation Surface irrig};?i[())?]a IndeI)Srip irrigation
Zahak 95.1 84.7 0.93 0.75
Hirmand 90 85.1 0.87 0.8
Nimroz 83.5 90.4 0.77 0.84
Hamon 84.3 85.8 0.8 0.81
Zabol 90.7 92 0.88 0.89
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