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Extended Abstract

Introduction:

In the arid and semi-arid regions of Iran, agriculture and animal husbandry activities
have always been next to each other; where providing livestock fodder is one of the
main concerns of farmers. Therefore, it seems necessary to introduce suitable fodder
plants in these regions. Tagasaste (Chamaecytisus palmensis) is one of the fodder
plants with the aim of providing the nutritional needs of livestock, which this research
aims to evaluate the potential areas of its cultivation in agricultural lands of Yazd prov-
ince, in Central Iran, using the Analytic Hierarchy Process (AHP) and Geographic
Information System (GIS) techniques, as well.

Materials and methods:

First of all, tagasaste species’ ecological needs were determined based on the existing
literature. For this purpose, the four factors of climate, land use, topography and irri-
gation water were initially mentioned as the main criteria. Climate, topography and
irrigation water criteria consisted of 8, 3 and 3 sub-criteria, respectively. We classified
each climatic factor based on the statistics of meteorological stations with the lowest
root mean square error. Also, maps of different topographic criteria, including the slope
map, the aspect map, and the above-sea level map, were prepared using the Digital
Elevation Model (DEM) map. The irrigation water sub-criteria maps, which included
the distance from the water source, irrigation water salinity and pH, were prepared

according to ground-based data from wells, springs and qanats. Finally, 15 different
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sub-main criterias were prepared, as the four main categories of climate, topography, land use and
irrigation water layers, respectively. According to tagasaste’s ecological needs, these geo-referenced
layers were then evaluated and classified into the 8 limitation classes, ranged from extremely suitale
to extremely none-suitable regions. Further, the Analytic Hierarchy Process (AHP) questionnaire

analysis method was used to determine the weight of each criteria and sub-criteria, as well.

Results and discussion:

Based on the AHP analysis, the climate (0.507) and irrigation water (0.312) criteria have the highest
relative weights for tagasaste cultivation in Yazd province. Among the investigated sub-criteria,
the number of freezing days per year (0.212), the annual average minimum absolute temperature
(0.158), the salinity of irrigation water (0.130) and the annual average maximum absolute tempera-
ture (0.072), were found as the main important sub-criteria for the cultivation of tagasaste in Yazd
province, respectively. With respect to the ecological needs of tagasaste, the final results found no
extremely potential or very potential areas for tagasaste cultivation in Yazd province. Potential areas
(with a value of 5.5 to 6.2), relatively potential (with a value of 0.5 to 5.5), relatively not suitable
areas (with a value of 0.5 to 4.5), not suitable areas (with a value of 4.5 to 4.0) and very none-suitable
(having a value less than 4) covered 2.9, 9.4, 15, 62 and 10.7 percent of the Yazd province area, re-
spectively. Non-elevated orchards of Mehriz, Taft and parts of Sadouq city, southern and southwest-
ern areas of Khatam city, western lands of Abarkoh, a small part of southern Bahabad lands and a
small part of Yazd agricultural lands have been suitable for cultivation of tagasaste, respectively. The
most important limiting factors were the number of frosty days per year and the average absolute
minimum temperature, as well. This seems to be necessary to have a compatibility test of this plant

in the above-specified potential areas.

Conclusion:

Analytic Hierarchy Process (AHP) and Geographical Information System (GIS) have been found to
be effective in identifying potential tagasaste cultivation areas. In general, the results indicated that
some Yazd agricultural lands are suitable for tagasaste cultivation, considering the studied criteria. It
was also found that there are no extremely suitable and highly suitable areas for growing tagasaste
in Yazd province. This is considering the ecological needs of this plant. Based on the final map of
land suitability for tagasaste cultivation in the province, it was revealed that the potential areas of
tagasaste cultivation (with the highest values of suitability) are not located in high mountain areas

and low land plain areas, as well.
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Table 3. Error values in different methods of Sub-criteria climate zoning

JUEt: Model- Jus RMSE R’ JUEtS Model- Joo ~ RMSE  R?
Sl IDW-Power 2 42.1 0.43 Sl IDW-Power 2 1.66 0.38
Syl Kriging- 324 0.65 sl Jslos Kriging- 1.83 0.32

e Ordinary Ls Ordinary

) Kriging-Simple 34.8 0.65 Kriging-Simple 1.83 0.25
Rainfall Average
Cokriging- 27.2 0.76  Minimum Cokriging- 1.79 0.3
Ordinary Absolute Ordinary
Cokriging- 25.4 0.79 ~Temperatur Cokriging- 1.5 0.5
Simple e Simple
Sl IDW-Power 2 1.82 0.47 Sl IDW-Power 2 2.3 0.6
oo J8los> Kriging- 2.14 023 Glae 2Slas Kriging- 2.05 0.69
sy, Ordinary Lo Ordinary
Kriging-Simple 2.09 0.26 Kriging-Simple 2.03 0.72
Average Average
minimum Cokriging- 1.74 0.49  Maximum Cokriging- 2.05 0.69
daily Ordinary Absolute Ordinary
temperature. ¢ ok riging- 1.69 0.51 Temperatur = ooy ioing 158 0.86
Simple e Simple
oSl IDW-Power 2 1.9 0.58 Sl IDW-Power 2 3.12 0.05
slos Sl Kriging- 1.57 0.7  Cusb, as,e Kriging- 3.06 0.06
. Ordinary . Ordinary
lys) (o
Kriging-Simple 1.66 0.68 Kriging-Simple 3.08 0.06
Average Average
maximum Cokriging- 1.57 0.7 Percentage Cokriging- 3.1 0.12
daily Ordinary of relative Ordinary
temperature. o ok riging- 1.1 0.89  Humidity Cokriging- 305 06
Simple Simple
sl Sl  IDW-Power 2 1.66 052 slaw XL  IDW-Power 2 20.6 0.25
alyg, Kriging- 1.7 0.47 s, Kriging- 21.2 0.21
Ordinary s Ordinary
Average Ol
daily Kriging-Simple 1.82 0.43 ™ Kriging-Simple 22.8 0.13
e
temperature Cokriging- 1.72 0.48 average Cokriging- 21.4 0.2
Ordinary number of Ordinary
Cokriging- 117 079 frostydays e ) oing 186 039
Simple Simple

$=W S HW,S*W.S;+ .. +WS, D! PV adolw danazg L le,loo 5l SO 1 oled ool

ool ol Ly aS culany ;o 59 Woadoles o0l jo

=l aiB L alh ae 0o L g oo abg o 4y
D] Gty (8 Aty CiS S G-blie

woel8l s g JlSas glo ighy ddxe

FY-0F o VFY liss F by mslez o )led sl 0,90



Sl lre 0 6l (=l b Gy, my (b))
b9y el ool ooly i (V) Jgaz jo o8l 2 Lises
cilizes glo yonie (goaigy (gl oolail o j50 by
ol 00l s i Jgaz oyl o Lz 5 e s ST
9IS 0055 e ) Vool alizes Lo 15 A sloa_iss
Oy o2l g S (saidicleman, G)L.e-.’] ol S 3 ¥
oz 3 (9) Jpizr Sl ods (2 (1) JS2 3 (2
iz o fone s (gliroaBatd S 1A 0 Cyogiome

Sy ge sy (s aads S S ps gl il

OLen 5 5LTols JU3I Ll | £2

& y5mo ARC GIS 104 1581 o5 5 Laay (35 e 5
wlﬁwd_lm)auu)fc_h_wpq_e)f
(wj‘)ﬁd.l_m.lﬂJJ_:.l?d)Q u)fc.k_wuw) JPER
DY RURY

alizeo b )lro p ) gy dlab 9 (Gududigy
MQLMUMSLQOO‘JOJPJLA)J@»))J)‘W
ol ol b Lo (gadigy 4 plasla gy sled s

53°0'0"E S4°0°0"E S5°00"E 56°010"E 53°00"E 54007 55°0°0"E 56°00"E S3%0'0"E. 54°0'0"E 55°0'0"E 56°0'0"E
>
z z \
: £ £ 2\ z
e z Z — .
z £z s & G g
z z \ 2
z z
£ S > £ £
8 | 8 & g " g
gy (¢ a 2
z z
: £ £ £ 8 £
B L s 2 £
= Annual X g § ® = z
nnual average maximum = . = ’ H
i 8 o \- 2 Annual average minimum e | ™ Average rainfall(mm) .
il et % nual average minimu e
13-18 { > ) [ 30-60
z . s-21 - =z . 4.7 . p 30-
2 .22 £ & S .S £ 5 ‘ . 60 - 90 z
2 2427 g £ | s-10 £ : [ 90-120 B
2 | z
[ 27-30 = 5\ } [ 10-12 2 120 - 150 »
.33 iy . 12143 2 . 150 - 235
0 30 e 10 150 0 025 50 100 15 200 0 25 50 100 1S
Kilometers
00 SE00E SS00E SO0 S3°00"F S400°E. S500°F 56°0°0"F S300"E S00"E 55°0'0"E 560'0"E
S300"E SE00"E. SS0'0"E. 56°0'0"E. S30'0"E 500"E 550'0"E S6°0'0"E S300°E 540'0°E S5°0'0"E. 56°0'0"E
z z
: £ ik z
2 H E s
2 Z iR Z
z :
4 Z : iz P s
& g3 is L (&
d H ;B
z z -
z e 2 HI 2
= - Annual average absolute w|m = Annual mean absolute s - Annual average daily z
N avimim tamnaratiral0F) - minimiim tomneratiire temnoratire °C)
4 )
]28-32 | | A5--14 L_l105-13
E . 3236 5 Q" .2 z |__JENE] .
: £ & 1 g s
£ 136-40 = g Oy B -12--10 {2 15-17 £
z g =
= 1 14044 [ 3 & 1-10--85 iR 1719 4
A W 19-21 L
a 44485 o . 8s--7
[P
0 25 50 100 150 200 0 25 50 100 200 025 50 100 1s0 200
e e e Kilomicters Kilometers e e e Kilomecters
S300°E S400"E S500°E. S6°0°0"E 5300"E 5400"E. 500" 56°0°0"E. S00E SEO0E SSO0'E SOVOE
S00"E SP00"E SSY00E S600"E  ST00E S300°E 500 5500 5600"F S30'0°E SC00"E 5500 S6°0'0"E
M x
z
z ) £ z & z
RS £z : s
g S g ® z
z 2 ¥ z P2
z 5
3 £ z £ z
- £ g Number of frost days (T - 2 Average percentage z
= & < of relative humidity L, [
[P o s )
22-35
P - s 5.0 31-32
£ o 0 1) - Z = . \ 3233
2 - e I 50 - 65 £ £ (‘- ) 33-34 z
z - o mserer [ 2 65-80 s 2 ~ S S S
i i g o SRR L 0 80-95 § -3 4 R §
11 e 5 S 8 - -5 108 \= -5 37 g
0 2550 100 150 200
0025 50 100 200 0 2550 100 150 200
Kilometers Z i i
& Kilometers Kilometers
900" °0'0" g
VREE  A0EE SR SR SRR 3 S300E S00°E SS00°E S6°00"E. SE00E SE00E SS00E SEC00E

Journal of Drought and Climate change Research (JDCR)

Winter 2024, Vol.1, No.4, pp 37-56




. ...@ij}w.s"“ ‘5‘}1.—\:9‘.&“ éj’l“‘@\‘ld&‘

S3°0'0"E. S4°0'0"E 55°00"E S6°0'0"E 53°0'0"E S0 E 55°0'0"E S6°0'0"E S3°0'0"E S4°00"E 55°0'0"E 56°0'0"E
£ i £ z £ E
" . I :
z Geographical direction g 11 é é Height above sea level (m) §
R E 130
z B = 11,000 - 1,200
s East . : £ z [ 1200-1500 |
H z g £ 2 = s0-1s00 |£
Cauth A ” g 2 Cao0-2200 [2
. 2,200 - 2,600
0 25 50 100 150 200 5 B . i i I 2,600 - 4,037
S Kilometers
5 sovE SEIeE OB WeVE S300E SE00E SS00E S600E S300E SE00E SS00E S6°00°E
53°0'0"E S54°00"E 55°0'0"E S56°0°0"E 53°0'0"E 54°0'0"E 55°0'0"E 56°0'0"E S7T°0'0"E 53°0'0"E S54°0'0"E 55°0'0"E 56°0'0"E
z #k ;s oz + £ { £
BT i i 0 P & :
£ g & ¢ £ z
- EC (dS/™M) z
§ z s - | % B
£ ol g 2 = : = Distance from water source (Km)
o = ;: .
- [ ]55-65 z [T . z -2 -
= 657 |7 H mms-e |5 2 3 s
H EEo-7s [ R —Ce i | T - o
. 7s-8 d -1 .4
0 25 5 100 159 200 [7180-85 0 25 50 100 150 200 [ N0 0 25 50 100 150 200
™ . ss-10 £ e ™ e Kilometers -2 £ S imeirs
53°00"E S4°00"E $5°00"E 600 g 53°0'0"E 54°0'0"E 55°0'0"E 56°0'0"E ST°0'0"E E S530'0"E S400E 55°%0'0"E S56°0°0"E
O3 bl )0 (H5 50 Azigy Lol datuns (Gl 0usS (ruri £ 38 g Lol (s )Lro ouds (guvaib glaalds Y o
Fig 3. Classification maps of primary and secondary criteria for determination of the potential areas of
tagasaste cultivation in Yazd province
SR (il 5o eoliiwl 890 (£ 58 9 (ol (b sLro gunaib LS. Joua
Table 4. Classification results of the Primary and secondary criteria used in this research
o) Codgicte )3 slos Jlam (Sl RERC RN
53! Codgdome 4,0
Value Degree of &l o) = i (: )
09 e e gy ;L.a
Limitation . Value Degree of Limitation )
Average minimum Rainfall (mm)
daily temperature Quite desirability

4 Semi Undesirable 47 8 e oolall 38 150-235

el ot Very strong desirability
6 Desirability 7-8 7 e s 120-150
.

Very strong desirability
8 Quite desirability 8-10 7 o 90-120
Ao 00Lal! 653

Desirability
6 Desirability 10-12 6 . 60-90
- Semi desirability
4 Semi Undesirable 12-14.3 5 e dos 30-60
Aol dod

A- Rainfall amount

B- Annual average minimum temperature
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2 Very strong 10.5-13 daily temperature
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) 3 Very strong 13-18
Saisl (Lo Undesirable
6 Desirability 13-15 (ol LS
Sananl 6 Desirability 18-21
8 Quite desirability 15-17 VSN
Sains olall 358 8 Quite desirability 21-24
6 Desirability 17-19 RUSTWORPRBY | 7%
e 6 Desirability 24-27
4 Semi Undesirable 19-21 RVCIWA
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D- Annual average temperature RUSOW N Pe
C- Annual average maximum temperature
ool Cudgdzme 4z, e iSlas .Sl ool Cudgdoe 4> )0 sles Jilos 1 Sle
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Average maximum Average minimum
absolute temperature absolute temperature
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- L; -
6 Desirability 32-36 5 Semi desirability -8.5--10
7 Very strong 36-40 4 Semi Undesirable -10--12
desirability Qe Ao
Sals sl 3 Very strong -12--14
6 Desirability 40-44 desirability
4 Semi desirability 44-48.5 1 Quite Undesirable -14--15

F- Annual Average absolute maximum temperature

E- Annual Average absolute minimum temperature
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Limitation The average number of
frosty days
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Sl douss
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Aol oolal 598
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Aol oolal 598

o3) Codgie 42 )3 s Sugby 23 (S0l
Value Degree of Average percentage of
Limitation relative humidity
5 Semi desirability 31-32
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6 Desirability 33-34
.
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.
4 Semi Undesirable 35-37

Aol dos

H- Annual average number of freezing days
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J- Slope (degrees) I- elevation above sea level
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[S€ VoW
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Sewols
3 Undesirable 8-10
Swols
2 Very strong 10-12
Undesirable

- L; . 3
2 Very strong 12-16
Undesirable

1 Quite Undesirable More than 16
Aol oolall 549
M- Water salinity

o) SS9 Az )0 colee Oy Uidsy 9 2l oS
Value Limitation (KM?) Land use and land cover
Area (KM?)
8 Quite desirability 135.4 Garden
St ool 348 &L 2l
7 Very strong 1611.9 Rainfed and irrigated agriculture
desirability &l g s el
Sis sl
7 Very strong 118.7 Fallowing
desirability sl o2l
Sis sl
5 Semi desirability 1077.9 Quick sand
Olyy by
3 Undesirable 38525.2 zb L & ,ePasture with low canopy cover or poor pasture
P e 8 50 oS sy
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Ariali doss Pasture with medium canopy cover
5 Semi desirability 286.4 oy Lide g b a5 ePasture with good canopy cover
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Salans Ao bwgto b oS b b b S
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Sxwsls dous cls Caws K
4 Semi Undesirable 3858.9 Wooded area and brushing
Aiels dond BUL TR
3 Undesirable 6548.2 Uncovered land
RCIE RSN ER
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Al oola)l 548 JURERPRES
1 Quite Undesirable 544.5 Boulere and ponding
Al oola)l 548 laile g (S Lol
1 Quite Undesirable 4159.1 Salt Lake, its borderlands and salty lands
sl oolall 33 58 ol s ol Al sl Sod azly s
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O- Land use and land cover
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Objective: To determine the areas prone to Jagazaste cultivation in Yazd province

Climate (L: 0.507)

Average annual rainfall (L: 0.060)

Annual average minimum daily temperature (L: 0.104)

Annual average maximum daily temperature (L: 0.094)
Annual averagedaily temperature(L: 0.064)

Average absolute minimum annual temperature (L: 0.231)
Average absolute maximum annual temperature (L: 0.105)

Annual average percentage of relative hunidity (L: 0.032)

II“‘II-H

Annual average number of freezing day= (L: 0.310)
B Landuse (L: 0.097) )
. Topography (L: 0.084)
B Heisht above sea level (L: 0.410)
8  Slope (degrees) (L: 0.422
. Geographical directions of the slope (L: 0.168)
—! Irrigation water (L: 0.312)
Bl Distance from the water source (L: 0.082)
—4  Water salinity (L: 0.673)

—f  ThepH level of the water (L: 0.245)
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Fig 4. Hierarchical tree along with the relative weights of each primary and secondary criteria
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Fig 5. The final normalized weight of the sub-criteria based on the main objective
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Fig 6. The final map of land suitability for tagasaste cultivation in Yazd province
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Table 5. The coverage area and percentage of each suitability class for tagasaste cultivation in Yazd

province
Km2) colus Sy Aoy Caogizxe Gyl hme ail o)l
Area (Km2) Coverage The amount of Class value
percentage limitation
1835.7 2.5 Very strong desirability 2.1-35
Ao b
6015.7 8.2 Very strong desirability 3.5-4
RSN VoW
45580.2 62 Undesirable 4-4.5
eSO
11040.5 15 Semi Undesirable 4-5-5
Anols Ao
6938.3 9.4 Semi desirability 5-5.5
2154.4 2.9 Desirability 5.5-6.2
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