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Table 1. Different weight characteristics of barley by precipitation at the germination stage.

i3 ailgzr aloyo 334 s
” @: T Gl ) e S all (asl)edS pjohe 0 WS; o
"'_° i _)“’*’“) Classes The potential for Area under cultivation ?th?vi?ioir
Precipitation at value barley cultivation (Km) o
germination stage (mm) (%)
>100 4 et e 24465.8 86.47
Supreme
WL;.A
80-100 3 i 3683.9 13.02
Proper
60-80 2 gt 1414.7 0.5
Medium

S 92 () Ay o o )l i sy jg Clasin Y Jgue
Table 2. Different weight characteristics of barley with precipitation at the tillering stage.

w3 9% () 4y Al o )0 33 e e ») oo 25 b
(shoskas) olb w3 95 Sui Sal (aghes)cuiss (o)
Precipitation at t}‘llerin stage Clasées The potential for barley Area under Area under
P (mm) 959 value cultivation cultivation cultivation
(Km) (%)
100< 4 el e 27484.8 97.14
Supreme
WL;-Q
80-100 3 j 809.2 2.86
Proper
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Table 3. Different weight characteristics of barley with precipitation at the flowering stage.

F & ERY o - ) ol .. )
S w0 9 (Pl Al po ()b £33 . . 7 7
O g CulS cauld -
(oo slno) wlinb : (ogles) (w2))
Precivitation at flowering st Class The potential for barley Area under Area under
recipitation at flowering stage asses cultivation cultivation cultivation
(mm) value (Km) (%)
<50 4 el e 16475 5.82
Supreme
WL:\A
50-30 3 i 11329 39.98
Proper
30-10 2 JGMW 12516 44.18
Medium
Cewliob
<10 1 j 2839.7 10.02

Inappropriate

0 g2 (20 A Al o )b i oy wlakie -F Jus
Table 4. Different weight characteristics of barley with precipitation at the grain set stage.

w0 w0 92 (2O Aild al> o (51 £33) e 7 i
(s ) b 0 g2 CulS Caubld (ogluS) (2wyd)
o _’”‘5 i ) : The potent_ial for barley Area under Area under
Precipitation at the grain set Classes cultivation cultivation cultivation
stage (mm) value (Km) (%)
15-10 3 el 1479.8 5.23
Proper
10-5 2 "MW 18829.7 66.55
Medium
5-0 1 kil 7981.7 28.21

Inappropriate

(20 92 (20 dilga o po oo caliko by jg Wlakin -0 Jgus
Table 5. Different weight characteristics of barley by temperature at the germination stage.

0 32 (5 Slgz al>ye slod S o 2 g ) gl
. 0 97 S Coild (yxoslsS) (M03)
( ) AN St s )
g ol .
N The potential for barley Area under Area under
Temperature at germination Classes cultivation cultivation cultivation
stage (C) value (Km) (%)
15-10 3 b 1479.8 5.23
Proper
10-5 2 J“‘”f‘“ 18829.7 66.55
Medium
5-0 1 bl 7981.7 28.21

Inappropriate
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Table 6. Different weight characteristics of barley by temperature at the tillering stage.
w0 97 (5 4z 4l ye gleo 3% ) »e »e
" 2 97 oS b (yho3ksS) (a0y3)
(wgmbw) wlinb -
L The potential for barley Area under Area under
Temperature at germination Classes cultivation A -
stage (C) value cultivation cultivation
(Km) (%)
10-5 2 wa 22012.7 77.8
Medium
5-0 1 *‘”‘L*‘Lf 6281.5 22.2
Inappropriate
20 92 (2O Aild Ao o glod il (sl jg Wlasin -V Jgus
Table 7. Different weight characteristics of barley by temperature at the flowering stage.
0 92 (2O &l Al o sloo . ClS ) o ClS ) o
) SRCIORAT
(rogmmnbas) ol w0 97 b Sl (yiogkeS) (wo3)
Temperature at the cl ‘e The potential for barley Area under Area under
flowering v:ﬁjes cultivation cultivation cultivation
stage ('C) (Km) (%)
20-22.5 4 el o 10168.9 35.94
Supreme
wlo‘.ﬁ
19-20 3 i 5938.3 20.99
Proper
18-19 2 Ja”)’“ 12183.4 43.06
Medium
0 92 (2ulS Al 1o glod iz slayjg wlasino A Jgoo
Table 8. Different weight characteristics of barley by temperature at the seeds stage.
w20 92 (BS al> o slos 2 gl IS 5 gl
(9 gmmalao) olid syl 0 97 Sl Carlls (o ghsS) S (woys
temperature of barley at Classes value The potential for Area under Area under
flowering barley cultivation cultivation cultivation
stage (°C) (Km) (%0)
14-20 4 el Sl 3273.6 11.57
Supreme
WL;A
12-14 3 ) 13261.4 46.87
Proper
10-12 2 JM’“ 11758.9 41.56
Medium
w0 92 Sly ool il a9 wlasin -1 Jgus
Table 9. Different weight slope characteristics for barley.
et ol ) 0 57 a8 (Fagh$)euds pjphw  (woyd S ) b
oy Classes The potential for barley Area under Area under
Slope(%6) value cultivation cultivation(Km) cultivation(%6)
<5 4 el o 24465.8 86.47
Supreme
WL;A
10-5 3 j 3683.9 13.02
Proper
15-10 2 Lge 14147 05
Medium
15< 1 et 990.3 0.035

Inappropriate
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Table 10. Different weight characteristics of precipitation of height for barley.

(3039 Jeuls 315 s

G sy Sl o5l w0 97 Sl ol (agheS) e 55 gl
&9 . Area under
. Value The potential for barley Area under A
Soail A L cultivation
classes cultivation cultivation(Km)
(%)
bkl oged
Vertisoil/ 4 eelin oy 2617.2 9.25
. Supreme
Inceptisoil
sl o5 3 elie 6434.1 22.74
Entisoil Proper
sl oo 2 Lsie 18589.3 65.73
Rock outcrops Medium
2L 1 *‘“l"‘“_ 645.1 2.28
Bad lands Inappropriate
0 82 ol S il sy wlaxin - Jgus
Table 11. Different weight characteristics of soil for barley.
Wl g olib 3)) e 9% Sl Calil (yroghas) el 51 5 gl (W03 )il 55 el
height Value classes The potential for barley Area under Area under
cultivation cultivation(Km) cultivation(%o)
<1500 4 el o 10050 35.52
Supreme
Conlio
1800-1500 3 i 5746.5 20.31
Proper
bgie
2100-1800 2 ’ 6182.2 21.85
Medium
>2100 1 wub 6315.2 22.32
Inappropriate
Xi —Xmax 7 N ee
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Table 12. Values of the area’s soil.

SB gy bkl osed ! oged ] sl oo 2L
Soil Vertisoil/ Inceptisoil Inceptisoil Entisoil Rock outcrops Bad lands
3 10 8 4 2 0

Value
b Y g3l o lailiwl Jogo 8 VY Jgus
Table 13. Standardization formula of layer.
ol 0955 9l Jga 3 Jga 3
Parameter Standardization formula Formula
2t 57 0% gz e A Con([X,] <= 100,([X;]- 61)/129,[ X,] > 100,1) 525
Precipitation at germination stage Rise
20 97 s Ay e A Con([X;] <= 100,([X;] - 61)/120,[X] > 100,1) oo
Precipitation at tillering stage Rise
23 47 (g3 S el Al Con([X,] <85,([X,]-41)/90,[X;] >=851) o5
Precipitation at flowering stage Rise
w3 97 (20 alo al>pe (AL G

Con([X;] <55,([X;] - 3)/62.3,[X;] >=55,1)

Precipitation of barley at the grain set Ri
stage Ise
020 92 50 dilg> al> e Lo _ EOyxo
7 Con([X;] < 10,([X;] - 1.6) /9,[ X;] >= 10,1) X
Temperature at germination stage Rise
20 57 (5 aniy sl Lod Con([X,] < 10,([X] - 3)/6,[X] >=10,1) o
Temperature at tillering stage Rise
sl £ Al e s
w2 57 0212 5 el s Con([Xi] < 14,([X;] - 10.8)/4,[X;] >= 14,1) 9%
Temperature at flowering stage Rise
H|
w0 97 (29 4ld el e Led Con([Xi] < 2L,(([ X;] - 18)/ 45,[ X;] > 21,1) $ome
Temperature at the grain set stage Rise
oe Con[Xi] == 1,0[X;] == 2,03, [ X;] == 3,0.75, [ X; =4,1) 5o
Soil Rise
glas )| Con([X;] <= 1500,1,[ X;] > 1500 & [X;] <= 2100,(2100 - [X;]) / LS
Height 600,[ X;] > 2100,1) Descent
3 Con([X;] <=5,1,[ X;] > 5 & [X;] <= 15,(31885314 - [X;]) / 10,[ X;] > L3
Slope 15,0) Descent

value weight
. High : 1
Low:0

0 15 30 60 90 120
L T Kilometer

w20 97 ) ilg Al po 55,b o (658 Al - S

Fig. I- Fuzzy map of precipitation at the germination stage.
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value weight
E High : 1
Low : 0.07

0 15 30 60 90 120
| CI W Kilometer

w20 9§50 Ay Al yo )b oud (6518 Al - S
Fig. 2- Fuzzy map of precipitation at the tillering stage.

value weight
High : 1

Low: 0

0 15 30 60 90 120
CE N B Kilometer

w0 97 (B J5 Al po ()L ouds (5316 Al Y S
Fig. 3- Fuzzy map of precipitation at the flowering stage.
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Fig. 4- Fuzzy map of precipitation at the grain set stage.
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Fig. 5- Fuzzy map of temperature at the germination stage.
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Fig. 6- Fuzzy map of temperature at the tillering stage.
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Fig. 7- Fuzzy map of temperature at the flowering stage.
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Fig. 8- Fuzzy map of temperature at the grain set stage.
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Fig. 12- Potential Land of Lorestan province for cultivation of barley using the fuzzy method.

lands potential

. inappropriate
Midway

==
I:l Proper
i

supreme

0 15 30 60 90 120
I T Kilometer

PR 2T I BURRY -OVRt R Cave) -1 Y RUIRE VW] PR UWRPRCEPY MRS LW ) i Lo
Fig. 13- Fuzzy map classification of land in Lorestan province with potential for the cultivation of barley.
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Fig. 14- Land classification map in Lorestan province with potential for the cultivation of barley using
AHP method.
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Table 16. Area of each of the classes for the cultivation of barley with the AHP method.

20 9SS gl (ol Slasiw! o
Lands potential for cultivation of barley Class

S )

(0wo9)

Area under cultivation(%0)

(FogleS) el 51§ o

Area under cultivation (Km)

Supreme
Proper
lugie 3
Medium
cawlials
j 4

Inappropriate

23.87 675380
314 888430
2511 710460
19.6 554580

lS Sy sl o cclin (o) 4 _iblie gl Jow
o dlie lajlas Hol oly &S Tzl jlaba
O S Sz S8 Gy 5 el o5 Joe
Ol g 0sd e onus LAY 5 vz g il sl
ey OBl gl 5B Jaw a5 aes oo lid 9,90
ol 4 azg bl bl b o jsl oo wal b 5 mroc
63 Joe S Ol sl p3¥ a2 kS gy oS
e 4 Sl g (sl 5 Sl ply
Fedgw g Fpse cplply w@ls (olealade Jlod

S se Jos
21 5 i Les am e 10 9 )b IS b &
5 2o Al 5 2ulS al> e Saiilailails g s
odes ladele 5l (5 amy g ) alsr Ay gleo
5 bl eilee 14 ALt e 030 57 CulS o0iS 3gdma

b b Ay (oSlpe alide fdo o b oS gands o
9 2Fr Gl Cwowd 3 9> @3 Sl dales bl
S A N e S
Ghwo g el Llps lhls dilaie 5l asys BONA
5 awgie bayli slls adhie 5l ooy FR/AY 5 culie
@@l o gl @l (19 Jge Wik oo ind
el 1y 658 Jowe 5l edel caws

RCL Y

L Juwo duw lio

534S ams o plis Jaw 90 5l edel Caws 4y slaasis
6ol g pdyBlasl (AHP) ol alle Jdos i,
Sl (b3 jlre 4l p lagee; 1 35l ey
GRSV SO Y R PP S TER
oo (nl jo ead ol slagie 5 S pdy oo | 5>
ol il o S (sl Ll it s el y5b


http://www.sid.ir

Yo

d)lﬁ JJA 05....4‘54 OJ.......S UL"“"‘ )5)-" Coww A dxun
Sligen Joo 4 Cund Gy (el ly

Joe joiasgm 5 yjse cnlpln s (AHP) asLs
RO

Abdali, H., 2007. Climate zoning for agricultural
dryland wheat. Case study East Azarbaijan
province. MS.c. Thesis. Shahid Beheshti
University, Tehran, Iran.

Behniya, M., 1997. Cold Cereal, Publications
Tehran University, Tehran, Iran.

Butler, E.E. and Huybers, P., 2013. Adaptation of
us maize to temperature variations. Nature
Climate Change. 3, 68-72.

Christoph, G. and Frank, WP., 2016. Statistical

regression models for assessing climate
impacts on cropyields: A validation study
for winter wheat and silage maize in
Germany.  Agricultural  and  Forest

Meteorology. 217 (2016), 89—-100.

Dinpejo, Y. and Movahed Danesh, A., 1996.
Determine suitable areas for rainfed cereal
production according to the monthly rainfall
west Azerbaijan and Ardabil. Journal of
Nueva. 3, 25-38.

FAO, 1996. FAOSTAT. Available online at:
http://faostat.fao.org.

Farajadeh, M. and Taklobighash, A., 2001. Climate
zoning for agricultural of hamedan province
with using GIS with an emphasis on wheat.
Journal of Geographical Research. 41, 93-
105.

Geng, Q., Wu, P., Zhao, X. and Wang, Y., 2014.
Comparison of classification methods for
three divisions of wet/dry climate regions in
northwest China. International Journal of
Climatology. 34, 2163-2174.

Ghatreh Samani, M., 2003 . The Potential Survey
Walnut  Cultivation with Using GIS.
Weather Center shahreh kord Report. Iran.

Jiang. P. and Thelen, K.D., 2004. Affect of soil and
topographic properties on crop yield in a
north center corn— soybean cropping system
published. Agronomy Journal. 98, 252-267.

Sided Jole 0 @i Al Cend moe AVl gles
« (AHP) ol ealides Jdoo Jow a4l 5 ol 5 oo
5 cawlie jleww bl lls ddlie 5l v, BONA
u).c D> 9 g LSLQW.S o PLY g wl...a
adbio 3l o, O 3B Jow jo . o)l I8 ol

&L

Khalafi, J. and Damavand, A., 2010. Identify and
prioritize areas prone grain-fed the Zanjan
province with using GIS. In Proceedings 7t
National on Geomatics Conference, 91"-10%
May, Tehran, Iran. pp. 547-554.

Madhumita, H. 2015. Agro— Climatic zone and
economic  development of  Rajastan.
International Journal of Humanities and
Social Science Invention. 4(2), 50-57.

Mavi, H.S., 2003. Agriculture Climate Basics,
Publication of Nik Pendar, Tehran, Iran.

Mozafari, Gh., 2001. Evaluation of environmental
performance dryland wheat (Kermanshah
agriculture climate). Ph.D. Thesis. Tehran
University, Tehran, Iran.

Mozafari., Gh. and Ghaemi, H., 2002. Analysis of
precipitation in rainfed areas, case study
East Kermanshah. Journal of Geographical
Research. 34(42), 103-119.

Norwood Charles, A., 2000. Dryland winter wheat
as affected by previous crops. Agronomy
Journal. 31, 12-86.

Reshmidevi, T.V., Eldho, T.L. and Jana, R., 2009.
A GIS-integrated fuzzy rule-basedinference
system for land suitability evaluation in
agricultural watersheds. Agricultural
Systems, 101, 101 -109.

Shahivandi, M., 20009. Climate zoning for
agricultural with an emphasis on sowing
corn. MS.c. Thesis. Shahid Beheshti
University, Tehran, Iran.

Wang, D., Cun-jun, S., Xiao, W., Ji-hua, Y., Xiao,
H., Wen, W. and Zhou, J., 2011.
Assessment of land suitability potentials for
selecting winter wheat cultivation areas in
Beijing, China, using RS and GIS.
Agricultural Sciences in China. 10(9), 1419-
1430.

Yazdan Panah, H., 2006. Potential detection and
modeling most products east Azarbaijan
province. Ph.D. Thesis. Tarbiyat Moalem
University of Tehran, Tehran, Iran.


http://faostat.fao.org/
http://www.sid.ir

(V) # (s3lden 65lis alrs (1Y) 502 5 g002] v

Agtoclimatic zoning of barley cultivattion in Lorestan province using analytical

hierarchy process (AHP) and fuzzy models

Mahmoud Ahmadi,** Mostafa Fallahi Khoshji? and Shahriyar Khaledi*
1Department of Geography, Faculty of Earth Sciences, Shahid Beheshti University G.C., Tehran, Iran.
2Department of Geography, Faculty of Geography, Kharazmi University, Tehran, Iran.

*Corresponding author: 44ahmadi@gmail.com

Introduction: Understanding climatic parameters and their effect on crop plants is one of the most important
factors for increasing performance and enhancing the product (Yazdanpanah, 2001).This is especially true in
rain-fed agriculture where it is extremely important (Farajzadeh, 2007). The very important cereal grain barley is
a strategic product that has the largest area under cultivation in Lorestan Province and plays an important role in
the agricultural economy of the region. In Iran and worldwide, although many studies have been undertaken on
the topic, most studies have been of climatic parameters used annually at various stages of growth and their
effects have been studied less. The effect of climatic parameters on phenological stages has been considered, and
the aim of this study was to compare the AHP and fuzzy models for zoning barley cultivation in the province and
identify susceptible areas where barley is cultivated.

materials and methods: A study of temperature and precipitation on the phenological stages over a period of 15
years (1995-2009) and at six synoptic stations was applied. The ground parameters of slope, soil, altitude were
used. In the preparation phase, the data analysis model applicable to the intended function of this layer was
prepared. In this study, the model is the application of an integrated model for locating fertile lands for
cultivation of barley using AHP and fuzzy models, The phenological stages of GDD (growing degree days)

Obtained (Koanta,1974). All climatic and phenological barley cultivation was determined according to the

written sources and expert opinion and, according to the margin of compatibility and barley cultivation than any
of the parameters and criteria, a separate map was prepared for each of the key factors. The standardization and
classification was conducted and the layers were standardized about the value of was placed in the AHP formula.
And overlay operation was conducted to estimate potential areas and the final map was produced and locations
were identified.

Results and discussion: The results showed that rainfall and temperature on the order of the barley has the
greatest impact on barley. Overall rainfall and temperature during the flowering, seed germination and tillering
stages of barley are the major factors limiting crop growth. Nowhere in the province is barley planted at the right
temperature at the tillering stage: The average annual temperature and precipitation are not important but that
matter is distributed at the corresponding stages. The results showed that the AHP model of the 55.18 percent
overlap region has an optimal condition and is suitable in southern and southwestern parts of the Province, while
44.18 percent of it show medium and inappropriate conditions. In the Fuzzy model, 51.1 percent demonstrated
an optimal condition and is suitable for areas that are prone regions in the model, and is drawn towards the center
of the province, with 48.9 percent representing medium and poor areas. The AHP model is less flexible than the
fuzzy model and serves as the basis of certain criteria. But its advantage is that it does not accept any risk and
selected areas in this model certainly enjoy the best conditions for cultivation. This model is suitable for those
areas where low-lying land is a disadvantage, because different criteria in this model lead to low flexibility. The
bumps better fuzzy approach between the different spectra can be seen in layers, and this case demonstrates that
the fuzzy model provides the possibility of deciding which areas are suitable for the needs of barley cultivation
and should be chosen. As a result, potentiometric power was found to be more hierarchical than in the fuzzy
model and operates more efficiently.

Conclusion: Thus, according to the results of the model showed the southern part of the province to be the best
place to grow barley, and the fuzzy model showed the potential of finding suitable crops.

Keywords: Zoning, Farming climate, Lorestan province, Dry barley, GIS.
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