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Figure 1- General view of Shahrchay river
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Table 1- Fuzzy range and corresponding verbal expression

N3 LEET
Fuzzy number

oW s

Verbal expressions

(1.00, 1.00, 1.00)
(1.00, 1,50, 1.50)
(1.00, 2.00, 2.00)
(3.00, 3.50, 4.00)
(3.00, 4.00, 4.50)

(3.00, 450 , 5.00)

Arey

(Equal preference)
bugie b oS 25
(Low to medium preference)

bugio g

(Medium preference)

2 U bawgio g
(Medium to high preference)

b ey

(High preference)
o (s B ol e 5

(High preference to very high)

(5.00 , 5.50 , 6.00)

(5.00, 6.00 , 7.00)

oL s e

(Too much preference)
35 MelS b 3k s g5

(Preference is very high to quite high)

(5.00,7.00, 9.00)

3 MolS s 5

(Quite a lot of preference)
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Table 2- Random Indicators (RI)
owylboill RIM™ R] ¢

(Matrix size)

1 0 0

2 0 0

3 049 0.18
4 0.79 0.26
5 1.03 0.36
6 1.20 0.38
7 129 041
8 134 042
9 138 043
10 141 0.46
11 142 045
12 145 0.48
13 146 047
14 149 048
15 150 0.48

plol 45 Jolie Bllas ddllas ol )3 0did 001> drwgy Jdo

gl e L dliane Sl L Jol ad> o 3 sl 4By
e Jolge s 5 )lino s divylons oyl ey o (arass
i plaiblo sl 2 (65 ol lpe A s 9 20,5
Jol o > i 4 an S g Jelge dajlins pj alnlin ccBin)
parasS Caglgl (e aluds Jldlo plS ged Ad &5 (w2t b
ool Ly el 0 S Y S 5 sl i o
S ol o Ly g panass i Jl o o Ban S
a3 g 03 (e e (0000 (6l o e (Sie
Ol daacanj o (lol (ool jlmo aw g
CuiS iy e pow s 5>l oS polite Lol (glalxe
o 4 " g il 5 AL selys g adlate
as)s y i o elarl g (oolaidl lxe 55 slajlne s olgis
b 89S G dm ol ol e sl 0l
azby il b aio (B35 5 (o (5 jd
St Als 5o (0an35) polez o (o ol 5 4eg))
Lol p U
Sauslis jlodlatal L 934155 ©jg0dy Jolgs g bojlimo b jline
9 3238,5 )15 dlio 3)90 ) Joda 3 (ool 556 5 (SLj
Gl dele L )l b jlas o ) s O G e gl
S oslatal Ly Lol oSy 559 4 g s (6508 (st sl
L (530245 pow al>po 13 0,5 39l Sl (lansgs by,

u.:‘.l_w Lgl.bo.)].) U»L.»I » BeY) 41>/~o » Gl 0ald

A9 = Jaijaij ()
Jolase Jlia 3 1T jlae Coglgl sae ol 2o gy ol &S
aiju cf‘] )Lf.uw J_:Lo.o » F‘ | )l.yw w}]Ql die hws > al-]-m ‘Pl
Adbigo ol e bilde )3 ol jlas coglglsie (VL a>
il 93 =l 3l Sy G ) )3l £ 8l ol
e slamodly Jolis b yus yilo ol a5 bl 51 395 dumwle b
O35 M delne gl il () I Gl o0 citan (556 u8)
@ Jod Llgy SIWI g W™ (gl clayls o d) 3905 o3lisl lag]

2] o Cawd
QAijm
VY
ZZ =1 %ijm ( )

Z i (\0)

4 D1 @i it

0329 e 1y 55y Wl wfu day N o lalsy ol o a8
Dgdse dnlne (b3 Laly) jl oy ilo il pliSso (sl (Anax )

w™ = (w™) where w"

wI = (Wg) where W

1 n o n win
=13 e
i=1j=1 t
n o n g
max n al]u-aul Wg
i=1j=1 i

ol a5 (Cl) ()85l (sl (selw (sby) 3—b
W) 20,5 o duwlee 1D i & cmd o i |y JolS (6,8 5o

:(YY 9
m = Ctiex =) (O
cI9 = (Agl“j 1)") (\9)

d)’l—"’ slael L;Lw yﬂn s,k u”L*’ cre L‘-"s; ol

oobel g e ple 9 o (CR) Sl £ dsloes L a0

crm

CR™ = — )
cs'

CRI = -—— ()
RI19

polids (Baliad s yile SO i ad s RI™ Lajlgy oyl 5o
L;;l_m.'; w,,:u Sy o UDL., RIY , LSJJM L;)'lé shael il
R™ 83las Lngau»L» .Ag.lu.a Cad & ¥ ‘_Jﬁ.\; PR 4)1)
ol 0as a1 VAN JLw 13 p29 5 woSLS lwgs CRI
I yeS (29) awlio puyile o (5L £ 9 p &5 (590
I i 93y 45 ()50 Canl 55l (556 (Lo didgy <Y
ol &)l slacuglgl 13 1 2 o LOLES 015 1S pueuad 3l cdidgy /)



VEor il — (ot oF 0,lods YO ale (S g ol 4,55 VY

Cawd &y (/N 5l 1eS) <N g Nl i 4 Jols (2
5 039 GEALSES b 5 | glia 6,15 s o 1imd 5L 45 o]
03903 BlaMs Jows a1y aalsl )5 1) Slie (slaodly I ool
5 =1 o)l L coe ) 42> oyl polie 6 F Jgie
5 sl qoladl L 4w oles L 5L 8 Loy
Jols b ams o (Lt VY B e Lalyy ol 1 1) Cangjlame
5+ I¥Y (o 2l 0 ot b oLl Jlore oS and o L
2052 9 ol BB ;505 Jlase 93 5l (g B SWBTL
e g aiily SLallas 0390 5t pd Ll By ine (gu ol
a5y eleizl Jlae plp 935l Gl 2l 09 b 36 Camjlaca

el 48,5 )53 ga

P Lacogdd L Lalee 2l 09 oll 2 A panass coglyl
o ol 53 boss sl 0 et iy 45 g s B el o
i 3 (63 o 1033 g Iylins ()9 s Sl 3L

ol by plo

655 e s oo alisee Jalie guls (s ol
Obey pLS A Gillae slo b (Sie b ol panass (sucaglyl
2olde g (o) duulie Ly ylo pdlie ¥ Jods ol oads &)l >
o3dlay) 3L S5 g polie ggazme calus (S3ke 93:9]2
Lo aad o sl 1) ¥ 1Y Lalgy o (Shiws 0ol Lyolwl 4 (oas
alio gLa Lo CRI 5 CR™ )5l 5 Sl oo

(Priority of water consumption)
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- KW Environmental
S ) e ’ ( : sl Cune
(Area under cultivation) (Income)
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o 409l a2l 33 ERSI R G Cualoo
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Figure 3- Hierarchical structure in order to prioritize the allocation of water to users or consumers of Shahrchai Dam
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Table 3- Pairwise comparison matrix of criteria

&l Sloks b § E905%0 a8 3o
Economical Social Environmental Total Normalized
&L&i] (1.00,1.00,1.00) (1.00,2.00,2.00) (1.00,1.50,1.50) (3.00,4.50,4.5) (0.26,0.44,0.59)
(Economical)
(?L"f}l‘) (0.50,0.50,1.00) (1.00,1.00,1.00) (0.50,0.50,1.00)  (2.00,2.00,3.00)  (0.17,0.19,0.39)
ocial
e ot (0.67,0.67,1.00) (1.00,2.00,2.00) (1.00,1.00,1.00)  (2.67,3.67,4.00)  (0.23,0.36,0.52)
(Environmental)
Eoozxe (7.67,10.67,11.50)
(Total)
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Table 4- Calculating preference degree of sub-criteria relative to water consumption priority

ol sloial el i § S 4y o 05l 3 (ol
Economical  Social Environmental Greater degree of finality Normalized weights
2l - 1.00 1.00 1.00 0.47
(Economical)

el 0.35 - 0.49 0.35 0.16
(Social)

phaeCe) 0.76 1.00 - 0.76 0.36

(Environmental)

Eaomxe 211 1.00

(Total)

pled Bl g5 (A 97 @ Jslaz) (o2g) ammlie ( 5la
sodly )55k 5l lis aS 03 +/Y 3l eSS adly 35 g bnylixe s 5
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GIF 50 s » cwiy 4 sleal 5 bl gla)bae
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aibite Of jarass  ealal o)l L aal) cus” Jol 4,
L )b e (ohad gy o cusl S5 ¥l Slallas
0is 2 Lagl (il Gis wrs dols Sl aleo 5 2le
Slaaiy 5 (o295 dlio g ylo Cusl oad fol> bajline (2l
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Table 5- Average of couple comparisons of sub-criteria

&l Sof 43 CwiS ;o Egooro ol 250l0 55
(Economical) Income Area under cultivation Total Normalized weights
21,2 (1.00,1.00,1.00) (1.00,1.50,1.50) (2.00,2.50,2.50) (0.44,0.60,0.68)
(Income)
S njghe (0.67,0.67,1.00) (1.00,1.00,1.00) (1.67,1.67,2.00) (0.37,0.40,0.55)
(Area under cultivation)
ggere (3.67,4.17,4.50)
(Total)
Bykxo 25 (29) Samslio (iS0le —F Jgua
Table 6- Average of couple comparisons of sub-criteria
sl Cosnor EUNL Egooee o5 8 5le 3
Saocial Population Employment Total Normalized weights
Core (1.00,1.00,1.00) (0.50,0.50,1.00) (1.50,1.50,2.00)  (0.30,0.33,0.57)
(Population)
]l (1.00,2.00,2.00)  (1.00,1.00,1.00) (2.00,3.00,3.00) (0.40,0.67,0.87)
(Employment)
Eyore (3.50,4.50,5.00)
(Total)
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Table 7- Partial or normalized weight and final weight of each sub-criterion

sbro loka ! ©ouxidl
Criterion Social Economical
sbro g Curod L] Sol y CulS 4 5 o
(Under the criteria) | (Population) (Employment) (Income) (Area under cultivation)
3 039 0.254 0.746 0.749 0.251
(Partial weight)
s s 0.042 0.123 0.355 0.119

(Definite weight)

Ly 35 (295 Lamlio (nle —A Jgua
Table 8- Average of couple comparisons of options

(sheCan 5 SinWsS e Colo dpgylaalyy @ > A
Environmental Agriculture  Groundwater Industry Lake Urmia Drinking  Entertainment
Siglss

: (1.00,1.00,1.00) (1.00,1.50,1.50) (1.00,2.00,2.00)(0.25,0.29,0.33)(0.25,0.29,0.33)(0.67,0.67,1.00)
(Agriculture)

(GF:*‘:Q) :t'e ) [0:67,0.67.1.00)(1.00.1.00,1.00)(1.00.1.50,1.50)(0.50.050.1.00)(0.250.29,0.33)(1.00.2.00,2.00
undwater
Indusy) (0.50,0.50,1.00) (0.67,0.67,1.00) (1.00,1.00,1.00)(0.25,0.29,0.33)(0.25,0.29,0.33)(0.50,0.50,1.00)
aog)l axl )

(Lake Urmia) (3.00,3.50,4.00) (1.00,2.00,2.00) (3.00,4.00,4.50)(1.00,1.00,1.00)(1.00,2.00,2.00)(3.00,3.50,4.00)

(Dr;ﬁng) (3.00,3.50,4.00) (3.00,3.50,4.00) (3.00,4.00,4.50)(0.50,0.50,1.00)(1.00,1.00,1.00)(3.00,3.50,4.00)
u’”’” (1.00,1.50,1.50) (0.50,0.50,1.00) (1.00,2.00,2.00)(0.25,0.29,0.33)(0.25,0.29,0.33)(1.00,1.00,1.00)
(Entertainment)
(Compatible),s;L. CR? =0.081 CR™ =0.046
el §329WS i3 g 409yl a2l i P
Income Agriculture  Groundwater Industry Lake Urmia Drinking  Entertainment

&S

: (1.00,1.00,1.00) (3.00,3.50,4.00) (1.00,2.00,2.00)(3.00,3.50,4.00)(1.00,2.00,2.00)(3.00,3.50,4.00)
(Agriculture)

(G@f"'g}i' ) [0250290.33)(100,1.00,1.00)(0.25,0.29,0.33)(100,2.00,2.00)(0.50,0 50,1 00)(1.00.50,1.50)
roundwater
Industry) (0.50,0.50,1.00) (3.00,3.50,4.00) (1.00,1.00,1.00)(3.00,3.50,4.00)(1.00,2.00,2.00)(3.00,3.50,4.00)
dogl a2l

25,0.29,0.33) (0.50,0.50,1.00) (0.25,0.29,0.33)(1.00,1.00,1.00)(0.25,0.29,0.33)(0.50,0.50, 1.
Lake Urmia) (0.25,0.29,0.33) (0.50,0.50,1.00) (0.25,0.29,0.33)(1.00,1.00,1.00)(0.25,0.29,0.33)(0.50,0.50,1.00)

(Dr:ﬁng) (0.50,0.50,1.00) (1.00,2.00,2.00) (0.50,0.50,1.00)(3.00,3.50,4.00)(1.00,1.00,1.00)(3.00,3.50,4.00)
INKI
Y (0.25,0.29,0.33) (0.67,0.67,1.00) (0.25,0.29,0.33)(1.00,2.00,2.00)(0.25,0.29,0.33)(1.00,1.00,1.00)

(Entertainment)

(Compatible), ;L. CRY =0.045 CR™ =0.032
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Area under cultivation| Agriculture Groundwater Industry Lake Urmia Drinking  Entertainment
5 29LsS
<2 (1.00,1.00,1.00) (1.00,2.00,2.00) (1.00,2.00,2.00)(1.00,2.00,2.00)(1.00,2.00,2.00)(3.00,3.50,4.00)
(Agriculture)
i) <! (0.50,0.50,1.00) (1.00,1.00,1.00) (1.00,2.00,2.00)(0.50,0.50,1.00)(0.50,0.50,1.00)(3.00,3.50,4.00)
(Groundwater)
(Industry) (0.50,0.50,1.00) (0.50,0.50,1.00) (1.00,1.00,1.00)(0.50,0.50,1.00)(0.50,0.50,1.00)(3.00,3.50,4.00)
o9l b

(Lake Urmia)
@b
(Drinking)
ST
(Entertainment)

(0.50,0.50,1.00) (1.00,2.00,2.00) (1.00,2.00,2.00)(1.00,1.00,1.00)(1.00,2.00,2.00)(3.00,3.50,4.00)

(0.50,0.50,1.00) (1.00,2.00,2.00) (1.00,2.00,2.00)(0.50,0.50,1.00)(1.00,1.00,1.00)(3.00,3.50,4.00)

(0.25,0.29,0.33) (0.25,0.29,0.33) (0.25,0.29,0.33)(0.25,0.29,0.33)(0.25,0.29,0.33)(1.00,1.00,1.00)

(Compatible) 5L CRY =0.035 CR™ =0.046
Cyror SinWS e Colo aagyl dalyyd @ T
Population Agriculture  Groundwater Industry Lake Urmia Drinking  Entertainment
5 29LsS
(Ag;i)():fjlture) (1.00,1.00,1.00)(0.22,0.25,0.33) (3.00,3.50,4.00)(0.50,0.50,1.00)(0.50,0.50,1.00)(3.00,3.50,4.00)
(Gfr);g} ZIIe ) (3.00,3.50,4.00) (1.00,1.00,1.00) (3.00,4.00,4.50)(1.00,2.00,2.00)(1.00,2.00,2.00)(3.00,4.00,4.50)
undwater
(Industry) (0.25,0.29,0.33) (0.25,0.29,0.33) (1.00,1.00,1.00)(0.25,0.29,0.33)(0.25,0.29,0.33)(1.00,2.00,2.00)
409yl a2l

(Lake Urmia)
o
(Drinking)
Y
(Entertainment)

(1.00,2.00,2.00) (0.50,0.50,1.00) (3.00,3.50,4.00)(1.00,1.00,1.00)(0.50,0.50,1.00)(3.00,3.50,4.00)

(1.00,2.00,2.00) (0.50,0.50,1.00) (3.00,3.50,4.00)(1.00,2.00,2.00)(1.00,1.00,1.00)(3.00,3.50,4.00)

(0.25,0.29,0.33)(0.22,0.25,0.33) (0.50,0.50,1.00)(0.25,0.29,0.33)(0.25,0.29,0.33)(1.00,1.00,1.00)

(Compatible) 5 5L CRSY =0.083 CR™ =0.049

LN Sl P N gl 42y, o P

Employment Agriculture  Groundwater Industry Lake Urmia Drinking  Entertainment
535U
<203 (1.00,1.00,1.00) (3.00,3.5,4.00) (1.00,2.00,2.00)(3.00,3.50,4.00)(1.00,2.00,2.00)(3.00,3.50,4.00)

(Agriculture)

i) <! (0.25,0.29,0.33) (1.00,1.00,1.00) (0.50,0.50,1.00)(0.67,0.67,1.00)(0.50,0.50,1.00)(1.00,1.50,1.50)
(Groundwater)

(Industry) (0.50,0.50,1.00) (1.00,2.00,2.00) (1.00,1.00,1.00)(3.00,3.50,4.00)(1.00,2.00,2.00)(3.00,3.50,4.00)

dog)l 42l

(Lake Urmia)
@
(Drinking)
=T
(Entertainment)

(0.25,0.29,0.33) (1.00,1.50,1.50) (0.25,0.29,0.33)(1.00,1.00,1.00)(0.25,0.29,0.33)(0.50,0.50,1.00)

(0.50,0.50,1.00) (1.00,2.00,2.00) (0.50,0.50,1.00)(3.00,3.50,4.00)(1.00,1.00,1.00)(3.00,3.50,4.00)

(0.25,0.29,0.33) (0.67,0.67,1.00) (0.25,0.29,0.33)(1.00,2.00,2.00)(0.25,0.29,0.33)(1.00,1.00,1.00)

ompatible),5 ;L. =0. =0.
(Compatible),is; CRY =0.047 CR™ =0.088
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Table 9- The partial weight of each alternative relative to the relevant sub-criterion

S CudS g2 g 2l @IS Camer el
Under the criteria  Area under cultivation Income Employment  Population Environmental
ik 0.275 0.412 0.4 0.138 0
(Agriculture)
i ! 0.162 0 0 0.406 0
(Groundwater)
o 0.127 0.356 0.31 0 0
(Industry)
ooyl 422 0.237 0 0 0.205 0.50
(Lake Urmia)
u’” 0.199 0.232 0.25 0.252 0.50
(Drinking)
e 0 0 0 0 0
(Entertainment)
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Figure 4- Final weight of options for all criteria, sub-criteria
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Introduction: Prioritization of optimal water allocation of surface flow storage dams for different
applications (drinking, agriculture, industry, environment, etc.) in arid and semi-arid regions such as Iran due to
the range of changes, high flow uncertainty Reservoir inlets, and the occurrence of intermittent droughts are of
great importance. For this purpose, the Fuzzy Hierarchy Process (FAHP) is proposed and used as a suitable
formulation method in prioritizing water allocation in the water resources system. Therefore, in this study,
prioritization of water allocation for different purposes of Shahrchai reservoir dam located upstream of Urmia
metropolis has been done in a field study using fuzzy hierarchical method.

Materials and Methods: A fuzzy hierarchical process based on quantitative and qualitative effective factors
has been developed. In the first stage, the problem structure was designed by determining the priority of water
allocation of users, criteria, sub-criteria, and other factors. Then the decision-making hierarchy based on the
problem structure (purpose, criteria, sub-criteria, factors, and options in the first to fifth levels, respectively) was
defined. In the mentioned prioritization structure, the goal was determined at the first level, ie the optimal or
appropriate allocation of Shahrchay reservoir dam water for different operators, and at the second level, three
economic, social and environmental criteria were considered as the main criteria. At the third level, " cultivation
area and gross income™ and “"employment and population” were considered as sub-criteria of two economic and
social criteria, respectively. The main beneficiaries, namely agriculture, urban drinking, recreation and tourism,
industry, environmental needs of Lake Urmia and groundwater fourth level (options) have formed the problem
structure. At the next step, based on the field data or questionnaires, criteria, sub-criteria, and factors were
compared in pairs using the proposed linguistic and fuzzy comparisons, and the priority of water consumption
over each criterion or sub-criterion or factor were compared based on fuzzy triangular numbers. The weights
were determined and ranked each using the Chang development method. At the third stage of the final ranking,
the priority of water allocation was determined based on the final weight of criteria or priorities at the previous
stage and the superior option was determined. Finally, a sensitivity analysis of the weight change of the criteria
and the decision-making process of the problem has been performed.

Results and Discussion: A decision model based on a fuzzy approach is presented to rank the different
options using Shahrchay dam water. For this purpose, firstly, using the opinions of experts and researchers, the
results of a questionnaire, criteria and sub-criteria and important options in allocating water to Shahrchai Dam
were determined. Secondly, using Chang's development analysis, different options were evaluated based on the
mentioned criteria, sub-criteria, and factors. From a scientific point of view, because the questionnaires were
presented to experts, the economic criterion is a high priority, so it is possible to attach great importance to the
general conclusion about the criteria in economic attitudes and related issues. In addition, the allocation of water
to the urban drinking sector with a weight of 0.33 was as the top priority, agriculture, Lake Urmia, industry,
groundwater, and recreation were in the next priorities, respectively. Therefore, economic criteria and drinking
water supply were recognized as the main objectives of planning and managing water resources in the metropolis
of Urmia. The drinking sector is a vital factor for the survival of a community and because the drinking water of
Urmia city is supplied through Shahrchai dam, so the allocation of water to this sector should be considered as
the top priority. The agricultural sector was also given the second priority with less importance. The supply of
water to this sector has a significant direct effect on the economy of the agricultural sector and indirectly on the
entire economy of the region, which indicates the importance of the agricultural sector in the economy, living
conditions of the region and the allocation of water to this sector. Comparing agricultural and industrial activities
in Shahrchai catchment area, the most activity in the region is agriculture and industry is in a lower priority,
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which is also shown by the hierarchical results. Since Shahrchai River is one of the suppliers of water to Lake
Urmia, the allocation of water to this section improves the condition of the lake and, consequently, it improves
the environmental, economic, and social conditions of the region. The results also indicate the importance of

Lake Urmia in relation to industry and its higher status indicates the attention of officials to the drying crisis of
the Lake Urmia.

Keywords: FAHP; Fuzzy; Shahrchay Dam; Water allocation
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Tablel- Some physicochemical properties of the soil at experiment site
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Colin

Sal

awlo s

o ol Shud ol * o) R
Depth SSesSI (oc) K p Lime & (®H)  sand  silt  Clay S5
5 . . T.N. 7 B . . Texture
(cm) EC (dS/m) % (ppm) (ppm) 4 7. 7. 4
0-30 08 1.33 360 7.8 265 0.1 7.7 20 52 28 Si-C-L
30-60 11 0.82 130 4.96 28.8 0.08 7.7 16 54 30 Si-C-L
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Table 2- Combined variance analysis of the some rice characteristics based on mean squares
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Sources of Sl ey, 5 ySlas S g g Al 439 Cildp padls g, o S (559 0540
avriation ?iggggr%f Yield Stem and leaf weight ~ Harvestindex ~ Applied water Water productivity
;‘e:r 1 3523640" 15097 ™ 0.007"* 6139043" 0.1522°"
L—'] Hk * Hk Hk Aok
Irr‘isg)a{ion 3 2559551 4851887 0.01390 95188044 0.1952
£ i *
Irrij;:ioﬁiL?Y.ear 3 493567 "™ 2578630 ™ 0.0001"™ 80364 0.0002 "™
El]b 12 224978 1310346 0.001 13626 0.0025
rror
C“"“‘S *k ns ko ok Kk
Cultivation 2 4660782 2666545 0.1219 10903876 0.5157
c I;J,Lw ;b S 2 566925 838104 "™ 0.0003™ 1268939"" 0.00009 "™
ultivation *year
EUb 8 350598 2590755 0.0009 52238 0.0034
rror
CuS” Ll * * ok o oS
migaﬁon: cfflﬁv ion 6 1156224 4211095 0.007 3038386 0.0106
J“*ﬁﬁj@” 6 137193™ 643341"™ 0.0002" 43670 0.0015"
erule a\...;‘..f}l
£ 24 330223 1667469 0.0007 20868 0.003
rror
‘“')‘*ng)“ 9.4 139 6.5 15 8.5

bl o oy A 5 A0 Jlois ! pdaws )3 (6)b x> oyt porhe 4y 4w g% NS
Ns= non significant; * and ** significant at 95% and 99% level, respectively.
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Table 3- Interaction effects of cultivation method and irrigation method on yield and water consumption in rice

Solel ogew 3, 5das I <l &390
Irrigation Yield (Kg/ha) Water consumptién (m3/ha) Water productivity (kg/m3)
methods

C, C, C; C: C, Cs C, C, Cs
Iy 3061 f 4797 ed 7028 b 7068 h 7308 h 9243 e 04le 0.63d 0.74c
I, 5002 d 7489 b 8206 a 12490 a 11602 ¢ 11967b 0.39e 0.63d 0.67d
I3 4777 ed 7216 b 7447 b 10871d 10250 e 11019d 042e 0.68 cd 0.66d
Iy 4298 e 6265 c 7343 b 6343 i 6572 i 8606 g 0.64 d 0.90 a 0.82b

Cawl (g ize pae gme & dlael fpy aliie gy
The same letters between numbers mean no significant.
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Table 4- Results of economic evaluation and comparison of rice cultivation and irrigation treatments

&y oyl Cound

B Loy
(Treatments)

Benefit/Cost
1399 1398
3.9 4.5
5.3 5.8
6.4 6.2
6.0 5.7
7.9 6.4
7.3 7.1
5.7 4.6
7.9 6.6
7.2 6.9
4.6 4.8
5.9 6.8
6.2 7.4

1:C1
11.C
1:.Cs
1>C1
1.C2
12Cs
13C1
13C2
13C3
14C1
14C2
14C3
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Introduction: In Golestan province, despite the lack of water resources, traditional rice cultivation, a crop with
high water consumption, is increasing due to economic justification. This issue has become one of the main
problems of the province's agricultural sector in recent years. In order to prepare the planting bed (puddled
transplanting) in the traditional method of rice production, a significant amount of irrigation water is used before
planting the seedlings in the main land. Moreover, the plant is in the water during the growing season, which
causes high water losses by surface water evaporation and deep penetration. Rice direct seeding cultivation is a
method that has been considered in the world for various reasons, including higher water productivity. Currently,
reports indicate that more than 50% of groundwater resources are extracted and allocated annually for rice
cultivation in the region investigated. In general, field information and observations indicate that the level of paddy
cultivation is increasing in the province. In the past few decades, agricultural policymakers have sought to restrict
and ban rice cultivation in the country, except in Gilan and Mazandaran provinces. The rationale behind this
decision is high water consumption, declining groundwater aquifers and long-term instability of water resources.
The developed strategy did not work effectively, as it did not consider the benefits of the farmers in the short run.
The increasing trend in the area under paddy fields from 1995 to 1500 hectares per year shows the unsuccessfulness
of this up-to-down strategy.

Materials and Methods: A field experiment was conducted to investigate the effect of rice cultivation and
irrigation methods on yield, water consumption and water productivity over two rice cropping seasons (2019—
2020) in northern Iran (Gorgan Agricultural Research Station). Irrigation method as the main factor in four levels
(permanent flooding, intermittent as wet and dry, sprinkler, tape) and cultivation method in three levels (direct
seed in dry bed, non-puddled transplanting and traditional transplanting) in the form of a strip design. The plot
was based on a randomized complete block design with three replications. The applied water, yield and some yield
components and water productivity were measured and calculated during the growing seasons.

Results and Discussion: The results showed that in all irrigation methods, yield was significantly reduced by
changing the traditional seeding transplanting to dry seed. The amount of water applied in sprinkler and drip
irrigation methods from traditional seedlings was significantly reduced as compared to direct seed seeding. Dry
seed cultivation, however, consumed more water than traditional transplanting in the flood irrigation treatments
(wet and dry and permanent). The highest yield (8206 kg/ha) was obtained for traditional seedling cultivation by
flood irrigation, and no significant difference was observed between the yields for the other irrigation methods. In
general, changing the irrigation systems had a greater effect on water consumption than changing the rice
cultivation method. In addition, changing the cultivation method had a greater effect on changing the type of
irrigation systems. In traditional transplanting cultivation, the yield decreased by about 14, 9 and 11%,
respectively, by changing the irrigation systems from permanent flood irrigation to sprinkler, wet and dry, and drip
irrigation. The highest water use was observed for flood irrigation method in direct seeding (12490 m%/ha) and
direct transplanting (11967 m%/ha).

Conclusion: Currently, farmers cultivate rice by transplanting in padded land irrigated by flooding techniques
in Golestan province, which results in high water consumption (about 13,000 m%/ha). By changing the irrigation
method from flood irrigation to drip for traditional transplanting cultivation, water consumption decreased by
about 39% and as a result water productivity increased by about 22%, albeit a 11% reduction in yield occurred.
With the conversion of traditional transplanting seedling by flood irrigation to non-puddled transplanting by drip
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irrigation, the yield decreased by about 24% and the amount of water by about 45%, and water productivity in this
case reached 0.9 kg/m3. This can be considered as the best alternative for conserving both water resources and
production. If only reducing water consumption is the main priority (regardless of yield reduction), the best
treatments are drip irrigation with direct seeding, non-puddled transplanting and then traditional seedling,
respectively. If there is a sprinkler irrigation system in the field, this option is given priority in the direct seeding
and non-puddled transplanting. If changing the irrigation system is not considered, the use of intermittent irrigation
(as a wet and dry) with non-puddled transplanting, traditional methods and direct seeding are preferred,

respectively.

Keywords: Direct seeding, Gorgan, New irrigation systems, Rice, Transplanting
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Figure 1- Groundwater level map of Yazd-Ardakan plain and location of observatory wells and aquifer
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Table 1- Classification of water quality based on GQI

GOl s
0-25 25.50 50-70 7090  90-100 Ql s
GOl value

Completely Unsuitable  Unsuitable Medium Acceptable Suitable Water quality class

(YYVA-1YAQ) 0,93 ;5 anllaed yg0 (lgsul CusS (g bl aasuivn Y Joua
Table 2- Statistical characteristics of the aquifer water quality in the period of (2000-2020)

e Cudlage lojlw (Fuaelll 3 it oo sbro &1yl PSlas Jslas AaSwin
Drinking standard of the WHO Average Standard deviation  Maximum  Minimum  Characteristic

300 10.43 9.23 50.7 1.36 [
300 9.92 8.99 46.56 1.18 Mg**
200 31.03 37.8 312.72 261 Na’

200 37.03 55/68 117 2.99 Ccr

250 12.34 12.35 85.32 1.51 So4*
600 3187.12 3152.94 13924 401 TDS

Aibe yidyr p S e oy Jglome dal> dlge S 9 PPM oo Loy il
* The concentration of ions is in ppm and the TDS is in milligrams per liter.
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Figure 2— The trend of the quality parameters of the study wells in the Yazd-Ardakan aquifer, (a):chloride, (b): magnesium,
(c): calcium, (d): TDS, (s): sodium (m): sulfate



VFoo sidunl — (oot F o ylods ¥ Al (S g T 4, VAA

addlls 390 lgBul (S (51 ol )y 43 3900 B 4y 4257 U (biyg)d S gy dmmililo Y Jgu>
Table 3- Comparison of the interpolation methods considering the estimation accuracy of the quality parameters of the study

aquifer
S S Aol use HE90 )5 (eSS ple 5 owesd sl @il
Kriging Inverse Distance Global Polynomial Local Polynomial Radial Basis
Weighting interpolation interpolation Function
R’ RMSE R’ RMSE R’ RMSE R? RMSE R’ RMSE
Ca 0.091 7.927 0.477 6.012 0.139 7.716 0.402 6.427 0.467 6.069
Mg 0.313 6.296 0.441 5.636 0.040 7.446 0.077 7.299 0.439 5.693
Na 0.581 27.424 0.346 32.347 0.274 38.089 0.357 32.084 0.375 31.688
Cl 0.640 178.398 0 181.494 0.001 181.396 0.001 181.369 0 181.469
SO4 0.566 13.122 0.325 13.546 0.165 15.065 0.276 14.546 0.336 13.436
TDS 0.527 2182.537 0.494 2258.498 0.272 2709.150 0.310 2638.080 0.489 2270.146
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Figure 3- Spatial distribution of qualitative characteristics of the studied plain in 2000
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Figure 4- Spatial distribution of qualitative characteristics of the studied plain in 2020
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Introduction: Inter-basin water transfer affects the environment, culture and economy of donor and recipient
basin. In this regard, one of the most important aspects are the positive and negative effects on the quality of
groundwater in the recipient basin. Spatio-temporal changes of groundwater quality as the results of inter-basin
water transfer, plays an important role in water resources management. Thus, this study attempts to investigate
the temporal trends of groundwater quality parameters using Mann-Kendall test and Sen's slope estimator. In
addition, spatial changes of groundwater quality and the effects of inter-basin water transfer were studied.

Materials and Methods: In this study, non-parametric methods and interpolation models were used to
evaluate the spatio-temporal patterns of groundwater quality parameters in the Yazd-Ardakan plain. Mann-
Kendall nonparametric test and Sen's slope were used to examine the temporal trends in the span of 2000 to
2020. The interpolation models and groundwater quality index (GQI) were used to study the spatial patterns and
classify the quality of groundwater. The assessment of quality parameters of all studied wells including Ca?",
Mg®*, CI', Na', SO,* and TDS were studied in equal time periods. Groundwater quality measurements were
performed twice a year using a volumetric method, one in spring and the other one in autumn. The World Health
Organization (WHO) standard was considered to compare values of different parameters in the plain.

Results and Discussion: A decreasing trend was observed in S0,%, Na* and TDS parameters in most wells
and there was an increasing trend for Ca**, Mg®* and CI” parameters. Considering WHO classification standard,
all the studied parameters were in the allowable ranges except TDS. The parameter ranking showed that TDS,
CI and Mg? had the greatest impact on the quality of aquifer groundwater. The Mg and TDS parameters had the
highest and the lowest changes, respectively during 2000 to 2020. Results of the GQI showed that the total
quality of the Yazd-Ardakan aquifer was in the moderate class and acceptable because of relatively large
decrease in the groundwater in the span of the studied period. However, the decrease in groundwater quality was
negligible. Changes of the quality map showed that the most negative quality changes were related to the Yazd,
Taft, Meybod, Ardakan and northern regions (Chah-Afzal desert). This indicates high groundwater pumping in
these areas and being located near the desert area. The most positive quality changes belonged to the central and
southern part of the aquifer.

Conclusion: Comparison of the interpolation models showed that the geostatistical methods can show better
results than the definitive methods in zoning groundwater quality parameters. The Kriging and IDW models
were the best models and consistent with the results of the research. The quality of groundwater was acceptable,
while the reduction in quality was very low and negligible in the Yazd-Ardakan aquifer during the studied
period. The temporal trends of SO,*, Na* and TDS had either a negative significant trend or no trend in the Yazd
area. Considering ranking maps, TDS, CI" and Mg?* had high impacts on determining the GQI. These trends
were positive in Yazd city and consequently the GQI maps could not confirm the negative temporal trend and
zoning maps. This finding showed that the use of qualitative indicators could neutralize the effects of the
parameters on each other and provide a better and acceptable result. In all, the transfer water with appropriate
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quality could control the increase of the TDS, SO,*, Na and caused an increase in CI” in these areas. There are
many effective factors to study water quality, so its description seems to be difficult. Therefore, using water
quality indicators can provide total water quality conditions in a concise and understandable way.

Keywords: Groundwater quality index, Mann-Kendal, Sen's slope, Water transfer Yazd_Ardakan
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Table 2- Data used in the numerical model (4, 20)
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Figure 7- An example of the reverse model instability for 6=0.8 , ¢=0.6- Bambeichi hydrograph
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Figure 11- Comparison of the inflow hydrograph obtained in the present study with Lane hydrograph
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Table 3- Accuracy of reverse routing numerical models in estimating determinative parameters in Bambeichi hydrograph
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Table 4- Accuracy of reverse routing numerical models in estimating determinative parameters in Lane hydrograph
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Introduction: In many cases, after a flood, some information is needed about the flood characteristics at the
upstream of a specific location where there is no hydrometric station on the river or flow discharge, and water
surface level was not measured at the time of the flood. In reverse flood routing, calculations are performed from
the downstream section step by step to the upstream section of the river and inlet hydrograph is produced based
on river hydraulic characteristics and downstream hydrograph. During floods in rivers, the volume of floods
gradually decreases due to infiltration into the bed and sides. This reduction in flood volume, called transmission
losses, is significant in arid areas. Therefore, developed models for flood routing in seasonal rivers in arid and
semi-arid regions should provide an appropriate estimate of transmission losses. In the routing process, the
governing equations are combined with an equation to account for infiltration or seepage losses into the riverbed
or canal. Then, by routing the flood along the interval and examining the resulting hydrographs at different
points, the amount of transmission losses is determined. In the present study, which deals with the reverse
hydraulic routing of floods in arid areas, the infiltration losses along the river estimated by the Green-Ampt
relationship was considered in numerical models so as to perform reverse flood routing with appropriate
accuracy and under hydraulic conditions of ephemeral rivers. To the best of our knowledge, so far no study has
analyzed transmission losses in reverse hydraulic flood routing.

Materials and Methods: The equations governing gradual variable flows are known as the Saint-Venant
equations, which include the continuity and the momentum equations. In hydraulic flow routing models, the
complete form of the continuity equation is used, but the momentum equation is applied in various forms
obtained by removing some components. The simplest hydraulic routing model is the kinematic wave model in
which the components related to inertial forces and pressure force in the momentum equation are omitted. In the
diffusion wave model, the components related to inertial forces are omitted, but the pressure force is taken into
account and finally, in the dynamic wave model, the momentum equation is considered completely without
simplification. In the present study, separate programs were prepared in MATLAB 2013 software for reverse
hydraulic flood routing by Kinematic and dynamic wave methods. In these numerical models, by coupling the
Green-Ampt infiltration equation with the continuity equation, the depth and flow rate in different places and
times are calculated in the upstream direction of the flow.

Results and Discussion: In order to validate the results of the developed numerical models and to evaluate
its applicability, a set of measured data known as Lane hydrograph and Bambeichi hydrograph was used. The
results showed that both reverse hydraulic flood routing models produced the upstream hydrograph with
appropriate accuracy. The results of the Bambeichi hydrograph data were more accurate than the Lane
hydrograph due to its shorter length of the interval between upstream and downstream sections. For example, the
peak discharge of inlet hydrograph calculated by the dynamic wave method for the Lane hydrograph data had an
error of 7% compared to the observed value, while the error obtained for Bambeichi hydrograph data was 2%.
Therefore, the accuracy of inverse routing models in estimating the volume of upstream hydrograph and
consequently the amount of transmission losses was desirable especially for the Bambeichi hydrograph data. The
highest error in estimating losses was 25% for the reverse kinematic model and the data related to the Lane
hydrograph.

Between the two reverse hydraulic flood routing methods, the performance of the dynamic wave method was
more accurate for the most numerical experiments, as the governing equations are completely solved in this
method. This difference is more pronounced in the Lane hydrograph, which represents the actual conditions of
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an ephemeral river.

Conclusion: The accuracy of the developed numerical models was 90% in estimating the peak flow rate of
the upstream hydrograph, and between 85% and 97% in estimating the time related to this discharge. The
volume of the upstream hydrograph, which indicates the model performance in estimating the infiltration in the
flow path, was also modeled with 75 to 98% accuracy. These results show that the numerical models simulate
reverse flood routing with acceptable accuracy in ephemeral rivers, where transmission or seepage losses are
significant. Due to different approaches in calculating infiltration losses, these methods can make differences for
the hydrograph output of numerical models.

Keywords: Green-Ampt equation, Infiltration rate, Numerical model instability, Reverse routing, Step by
step calculations
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Table 1- Some soil physical and chemical properties
Property S5 Value ,lais  Property .Si Value ,lase Property S5 Value ,lass
Texture S cél Loamy Sand  (mg.kg?) K el 309.33 SAR i ol s 6.73
pH Sk STy 7.44 (mg.kgl) Fe .l 1.3 % SP glusl cugby doys 335
EC (dS m?) Sl culan 3.39 (mg.kg?) CU 0.91 % FC ac )50 cud)bs cogby Aoy 11.3
% OC JI 8 0.35 (mg.kg™) Zn o, 0.78
% T.N.V Kal 14 (mg.kgt) Mn 5% 3.15
% N (50558 oy 0.029 (meg.LY) Ca puuds 135
(Mg.kgh) P jas 18.6 (meq.L™") Mg . 500 175
03wl 3,90 (I 3ge (ot bowd oo guad (A -Y Jou
Table 2- Selected chemical properties of organic matters used
39 G955 s Sy 39 ST ey Sy
Property Cow Pistachio Property Cow Pistachio
manure shell manure shell
(mg kg?) Total FeJs 4150 910 pPHS sl 8.1 4.9
(mg kg?) Total Cu s’ e 39.2 11.06 EC (dS m?) S Ul ol 5.34 6.26
(mg kgt) Total ZnJs s, 148.5 24 % OC (S doyd 29.22 54.7
(mg kgt) Total Mn s ;% 357 34 % Total NS 39,5 doy 1.4 25
% Na i 2o yd 0.59 0.11 % Total P IS ,aus s 0.42 0.12
% Ca pundS 20 7.56 0.84 % Total K JS sl 2o 1.63 5.02
% MQ p2jie duoyd 1.58 0.58

Juid aoxio ol jl ookl b (FC) as)jo cud b coghy 9 (S5
aluSy p ol 8 cble qm gl (V) 8ad (6,505l
St dl) 5 GalaST o) 3l (4t Cungy 5 95 355) I
o3laiul (3o > Yo di ST Ol g Lade G p00, 18 st cdo 3 Ve
33 Mol b B > JoygiSh g0 @0 ialaf] (5) 1
i pLonl LS5 b JT LS 5 g opa] ciliseo plie ole g0 L
Ol gl blge 38 g (gm dald ol (ol il plia
2 o2l S ke 0 olse 4 FEEDDHA (Seq)" oy yiusgSes (S)
PSS > ool p)S o Vo lie 4 s o)l (SB p Sl
S pSsks o opl o) ke Ve (lie 4 o o)l (S2) SE
S p S5 dS 0 oal S o Vo i 4 o )l (S4)
2 o0l pyS e Yo plie & o o)l (S287) 3,565 L ol pom
Ve Olise 4o 4 e o)k (S4S7) 5,555 L ol o S p S LS
oosliligs 99,555 Lolyan SLS 2SS )5 oal 25 Lo
S5 S5k )3 ol p S ke Ve lie 4 e 03l (S2S7T)
Ve lis s s 00 (sl 0ybyes (SaST) 5,565 L oo
4 e 0 (sl o)y (S2a) S p S 5LS ) al oS e

Sl Stal Jb gy (03 el (05 il -

3)9—0 dlay Cuwgy 9 by BLbI (90015 1519 51 695 38
5 e S 5 b 4t ol s Bl iy SIEL 3] 03l
LA 00 Heue (gye die ¥ Sl dan cyglone jo 0,8 Siis
g 0dlatl 3)90 SIS dsged olorB9S0 a8 Cliogad | (S
b ol ad s 03,9l ¥ g ) sl dgis p cwipa JlolS s
o)las 9 J5 1> S diges ECy PH (1Y) plogybun (g, 4 S
25 e Ol do ST e85 00 cans > JTolS 5 s 9 glsl
ookl Uy T S 5 5 S5 d5505 3 T 8 deoyo {19
Jolse ol Gl S e (¥F) A (g pSojlul Sy STy (2,
O Jloyi Y 390 b (ygmsl i g del b (il 5 (g 4 S
(F) JadosS g, 4 (M laS 5 9 ST S 55955 (V) 2
SE Gl BB maliy 5 (YY) udgl gy 40 SB Gl LB jaud
s o153 U 5 01 (5,50, lame posigal clial 1 oolizl L
(VV) 25 <513 yiagisd
S acms (5550 5 59 e 0l) S in J6 5 olis
Jice— el 55 s (ol G ol b DTPA | (g 5o e
33 Joloxe s 5 ordS o (V) 255 (g S0l V¥
89 § FosTgpe s 3l edlalwl Ly g gan gl o)lae
U9y 4 SB(SP) gludl cugh) (V7) 8ad (s (5 plogusilieS



VEer il — (ot oF 0,lods YO ale (S g ol 4,55 AYF

Ol & (e 5 (o) SaeeS (2l ol (BLJglre 5 S
buly5 slonl cge (V) 85 plosl Cldgw auie 1)l o ¥
2 (Hlad jsbds s plos )L, aids o dag S gl LSy
S sl b cishy 5l Ld .50s5 bols wlsdS
Jao SPAD s sio Lo, oS b (SPAD) lsx (slacs
(S 090 l A b (6,50l pli calw Konica Minolta
Was cdlyy adgls e gy te Bl )l LS sladises
A ploml Gl 1y 9y WV poS 9w olS sl ity
Skt sl Ly s sy T b 1) S 500 olS (slaS
o (25 (gladiges Wb dtd Jhie T L oo 53 5 Jloy /)
WA SLid wardiw dx 2 Ve Oyl dn gy 3 el FA G
cble (8) 5 ogmelienSt () 4 (LS ladiges wan I
Yo¥s Jso yoll 08 (oodl ol olSuwd I ooliznl b Sy IS o2l
laaliSs, clale oy o AL Lo, )5 A5 6,Sojll
Do) L cspan U5 Jde)lS 9 b Lidg)lS @ idg)lS (s juingid
o g A (S gty Sl oS> bawgi (YY) 1y
3 lpdsises cutS 0)93 (bl 5 (ST 5T (glog T clled
L g 0 doeodie mle (9,50 52 9 45 ol (2l o6 sloS
g a3 —As (glod ) (oo Lo Ul plodl (lsj
59y 4 (GO) sl JoSUI sl 3l culled 5 (g5l
OSas2 ) 4t (GPX) TilasTyy 055U (V) oo 9 iz
5 b oyl cbale (g, Sojliol yglatods 50 s ,Sojll (VA)
Olyr S ) olS o5l 8L 55 (g 8ls Vo) 20> VB Jle
N3-Ble s 5l ookl b uilyly a2 (YY) 0 oslitsl (Bl anss
0 Jlis! mdaw > LED 905l SaS 45 b 1:Ske duslds  SAS

.A«f} fl?f.gl M).)

Sols Sy ol aS ol i o)l wlis SLS ol
Bygal L8 5 citifo wuslon wulbls oyl cmadsl sla Sl
OY/A gd s &S 3y i ol Sl andl il yolé LT .05L 0
(Y Jgis) wims o polaidl 33 4y ol (claswsT 1) o)l Loy
)Mo g maje e cqoamlis soandS uamlis polie cpl pr 0gMe
ol sgzg jl (St osle (ol a5 015 3929 03l )3 (59,
Vb cdale )3 Bpacy g BpaseS pole

2- Guaiacol peroxidase
3- Glutathione peroxidase
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Table 3- Chemical analysis of slag by XRF technique

eSS S eSS sl
Composition  %Value Composition % Value
K20 141 Fe203 44.54
Cu 1.21 FesOs 9.24
MgO 1.02 SiO2 31.47
ZnO 0.72 CaO 5.63
TiO2 0.42 AlOs3 4.05

[ERY TSN Ao 43 s 3 O3 031051 & 595 -F Jgan
Table 4- Size distribution by percentage of volume

b3 o e
Diam (nm) Volume (%)  Width (nm)
Peak 1 146.6 328 22.79
Peak 2 1810 67.2 346.8
N
z | )
£ o} ‘
3 |
"uf 1 10 \(l]‘ 1000 ) 0000
Sz (d )

Loyl oo Moy o 3 1, 051051 @59 - Y JSWS
Figure 1- Size distribution by percentage of volume
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Figure 2- SEM analysis of slag used
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Table 5- Elemental analysis of slag (extracted with DTPA)

- 1 . slago . slado . slado . slado . slago
3T e s s s s s
Value Value Value Value Value
Property Value Element Element Element Element Element
(ppm) (ppm) (ppm) (ppm) (ppm)
pH 75 Fe ol 250 Mn j&i 1467 Cocds 5133 Pb e ND Mo (yuse ND
EC (dS.m™) 0.42 CU o 266.7 Cd oS’ 80.67 Ag o5 24 As Sl ND Se puibo ND
Zn s, 33166.7 Ni Js 2220 Crey ND Bi ©gons ND

oK ez 4> 45 :ND
ND: Under Detection Limit
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Figure 3- Means comparison of Fe (mg.kg) concentration of leaves in various treatments
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So: Control, Seq: Fe Sequstrine (5 mg kg), S2: Copper slag (10 mg Fe kg™ soil), Sa: Copper slag (20 mg Fe kg™ soil), S2S°: Copper
slag (10 mg Fe kg™ soil) with elemental S, S4S”:Copper slag (20 mg Fe kg* soil) with elemental S, S2S°T: Copper slag (10 mg Fe kg

! soil) with elemental S and Thiobacillus , S4S°T: Copper slag (20 mg Fe kg soil) with elemental S and Thiobacillus , S2a: acidic
Copper slag (10 mg Fe kg™ soil), Ssa: acidic Copper slag (20 mg Fe kg soil), EDTA: foliar application of EDTA
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Table 6- Means comparison of the effects of slag and organic compounds treatments on Leaf chlorophyll a concentration

C C2% Cs% P2% Ps%  (Average) cmiibe
So 2.15% 2.19° 2.40° 2.32ps 3174 2446
Seq 2.36 P 2.57"s 3.15H 3.214 3.42in 2.94FF
S> 3.60Fm 4.049! 4.27 K 4.35% 4.56 % 4.168¢
Ss4 5.52ad 5.88@ 6.132 5.08 o 5.100F 5.54A
S.S° 3.22%p 4,019 4,30k 3.66m 4.34 %k 3.90¢
S4S° 2.239% 5.21af 5.69a¢ 4.47¢1 4,869 4498
SoS'T 3.989! 4.50¢" 4,59 ¢h 4,25tk 4.51¢f 4368
S4S°T 4.88¢9 5.40%¢ 5.91ab 5.192f 5.732¢ 5.42A
S2a 2.55ms 2.61ms 2.84ms 2.92ms 3.15H 2.81F6
S4a 2.88 ms 3124k 3.700m 3.39in 3.96¢! 3410
EDTA 2.86 ™S 2.90ms 3.63hm 3.36 k0 3.919! 3.33DE
ke (Average) 3.29¢ 3.85B 4.23A 3.83B 4244
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Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
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Olise 4 e )l SAST < uglisliss 53,555 b olyon ST p,S5LS )3 ol 25 Lo Vo (liee 4 e 03l S2S'T 3,555 b olyon ST p,S5ks )5 ol 25 Lo
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So: Control, Seq: Fe Sequstrine (5 mg kg™), S2: Copper slag (10 mg Fe kg™ soil), Sa: Copper slag (20 mg Fe kg™ soil), S2S°: Copper
slag (10 mg Fe kg™ soil) with elemental S, S4S”:Copper slag (20 mg Fe kg* soil) with elemental S, S2S°T: Copper slag (10 mg Fe kg

! soil) with elemental S and Thiobacillus , S4S°T: Copper slag (20 mg Fe kg soil) with elemental S and Thiobacillus , S2a: acidic
Copper slag (10 mg Fe kg soil), S4a: acidic Copper slag (20 mg Fe kg soil), EDTA: foliar application of EDTA
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Table 7- Means comparison of the effects of slag and organic compounds treatments on Leaf chlorophyll b concentration

C C2% Ca% P2% Pa%  (Average) cmibo
So 0.97% 1.09 "y 1.20 V% 1.16 V- 1.59 4t 1.206
Seq 1.15vx 127w 1.58 4t 1.616s 1.7307 1.47F
Sz 1.81m 2.00kn 2.11Fm 2.18+ 22791 2.07°¢
Ss 2.74¢ 2.95%® 3.062 2.52¢f 2.57¢% 2.77A
S:8° 1.61 9% 2.00kn 2141 1.82mP 2.161 1.94P
S48° 0.95Y 2.62¢% 2.84%c 2.36 1 2.45°9 2248
S.S°T 1.99+n 2.24 2.299i 2147 2.26M 2.188
SuST 2.44¢h 271 2.963 2584 2.88%¢ 2.71A
S2a 1.28w 1.30w 1.75°4 1.465u 1,57t 1.47F
Sta 1.45su 1.56" 1.88 M 1.68P" 1.97"n 1.71E
EDTA 141 1.4554 1.82m 1.68 P 1.95mn 1.66E
oSke (Average) 1.63C 1.928 2.15A 1.928 2.12A
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Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
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See the Table 6 for description of the treatments
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Table 8- Means comparison of the effects of slag and organic compounds treatments on Leaf total chlorophyll concentration.

(o C2% Cs% P2% P4+% (Average) Sl
So 3.24% 3.29Wx 3.61tx 3.49 ux 4,777 3.68¢
Seq 3.53ux 3.855* 4.70Ps 4.82ps 5.150" 4.41F
Sz 5.44 ™ 6.09 ko 6.431n 6.581" 6.89 M 6.29¢
Sa 8.30%¢ 8.80&¢ 9.192 7.26 1 7.63% 8.24A
S.S° 4.509u 6.05 ko 6.44 1" 5.49 ™4 6.501m 5.80P
S4S° 3.36 V% 7.9409 8.54ad 7.41¢ 7.30¢1 6.918
S2S°T 6.01ko° 6.74+ 6.919k 6.42in 6.80 M 6.578C
S4S'T 7.32¢i 8.115f 8.91a 7.80¢h 8.63ad 8.15A
S2a 3.835% 3.935% 4,620t 438" 4. 75P 4.30F
Saa 4.35™ 4.68P* 5.54™p 5.10°" 5.92 ko 5.12EF
EDTA 3.94 5 4.33™W 5.46™4 5.07°" 5.86° 4.93E
»Sle (Average) 4.89¢ 5.808 6.39A 5.808 6.38A

)l blixe AWM aoys O Jlais! maw )3 wd) b gt o 50 sl By b (ol ke

Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
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See the Table 6 for description of the treatments
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Table 9- Means comparison of the effects of slag and organic compounds treatments on SPAD value.

C C2% Cs% P2% P4% (Average) (wSbwe
So 437" 5.90! 17.83°4 8.36W 15.33Ps 10.43F
Seq 13.439s 11.96% 25.23 11.10% 20.86'° 16.52E
S 29.10 ¢ 31.06¢&N 31.8649 30.03¢&N 31.93¢9 30.808¢
Ss4 36.130 36.40 41,232 36.56° 36.06 0 37.28A
S,S° 27.16 Mk 33.26°f 31.13¢h 28.16 9 29.86¢N 29.92 B¢
S4S° 33.530¢ 29.56 & 29.16 & 28.36 9% 30.73¢h 30.27 B¢
S:S°T 30.23¢N 27.769% 28.169% 29.00 i 30.86¢" 29.20¢
S4S°T 30.13¢h 31.06¢N 37.53%® 28.801 31.36¢N 31.788
S2a 13.20's 15.40PS 21.43%0 15.60P* 20.83%° 17.29E
Saa 17.66°" 18.86°P 24.10%n 20.23m° 25.13% 21.20°
EDTA 11.93%t 17.56°" 29.30¢1 19.66 P 24.461m 20.58P
Sike (Average) 22.448 23.53B 28.814 23.268 27.044

6 Hblixe BMB | asys O Jlain! pdaw )3 ) b gt oy dsliie By b ol Ske

Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
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See the Table 6 for description of the treatments
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Table 10- Means comparison of the effects of slag and organic compounds treatments on Guiacol Peroxidase activity

(1U/grFw)
C C2% Cs% P2% P4+% (Average) ;b
So 0.65% 1.070°p 1.54n 0.609 0.754 0.926
Seq 0.719 0.69 2.96 % 2.47 Kk 2.49 1.860
S2 1.94m 3.074 3.104 2.80¢9 2.95¢f 2.778
Ss4 3.81° 3.85°P 4,202 3.124 3.45¢ 3.684
S.S° 1.47" 2.21! 2.75F 2.739 3.03d 2.43€
S4S° 0.51" 3.46°¢ 3.73"b 2.6391 3.094 2.68B
SoS'T 1.90m 2.521 27191 2.55 i 2.76%9 2.49¢
SiS'T 2.77¢%9 3.76° 4272 3.50¢ 3.90° 3.644
S2a 1.230°° 151" 2.50 1.48" 2.19! 1.76E
Saa 0.98P 2.31HK 1.88m 1.050°° 1.58" 1.56F
EDTA 0.63 1.79m 2.24! 1.25° 1.86™ 1.55F
5:5be (Average) 1.50F 2.38¢ 2.89A 2.190 2.558
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Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
Slodds Canogs £ Jgda 53 bojloss
See the Table 6 for description of the treatments
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Table 11- Means comparison of the effects of slag and organic compounds treatments on Glutathione peroxidase activity

(o C2% Cs% P2% P4+% (Average) ;Kb
So 0.86Y* 1.40 1.867 0.91%2 1.23vx 1.236
Seq 0.802 1.10wy 3.52f 2.76k 2.70k 2.17P
S> 2.15mo 3.461 3.54f 3.04Mi 3.57f 3.158B
S 4.35¢c 4,57 be 4,882 3.58f 3.89¢ 4.25A
S,S° 1.9204 2.40! 3.08Ni 3.14N0 3.50f 2.81¢
S4S° 0.712 3.96¢ 4.38¢ 3.18h 3.51f 3.148B
SoS'T 2.11™p 2.85+k 3.06N 2.81k 3.11h 2.78¢
SisS'T 3.2249n 4274 4.81% 4,00¢ 452¢ 4.16A
S2a 1.59¢ 1.809% 2.75% 1.829% 230 2.05E
Saa 1.36% 2.33Hn 2.12m™p 1.32uw 1.89P 1.80F
EDTA 1.04% 2.16 Mo 2.38!m 1.65" 2.19+n 1.88F
5:be (Average) 1.82F 2.75¢ 3.30A 2.560 2.938
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Means followed by the same letters are insignificant at the 0.05 probability within each column or row.

See the Table 6 for description of the treatments

¥ slaS Y jleolawl ol ol (FA) o )Ken g By Slalllas
o)l ol yod 4 (NR)' 4 (BD)" (RA)" (TR) * oS 4555
e 69y 05l ol ends JT LS 5 ais 1 eslil (NR) S
hen 5 o Sllhs gl s YB3l cllsd Lials &
S yolie (gladgS 93,555 lojer Bpan &5 by oLis (VFAY)
ookl 15U s YUK a0l cudld ial5dl & oo by
e Sods 30 5l g0 LS g ol el p >Y g8 o0,y
s 90 (1) OhlSen g (g5 Lawgi o9 Te 0)93 Sy 3 (o
e 03l Jlesl b by (lis bl clillae guls .cé)S )5
orpl cdale (mals b 03,8l il 8l basce PH ) )3 5,5 0
5 Lol glmasil ad o5 Sbged duSygw ml colled
L dslio ) oSy @lbyoSil ozl el e jo 1y i3l

2,8 2wl )55 (6068 mlie

Olea $las  Jlad pal clil s Alids (slajlasi sl
UialS sLS claplisl p Fe?t anlyd onl 3508 Lalys )

9 (8Y)) Jﬁf_«m ol OL{s Jf um] )I e aS Fe?t 1Y _,\;Lu,a
ol U 1y gy (V7) oslis 5 JS ConlncS 1 3392 5, 3o

1- Trifolium repens

2- Rumex acetosa

3- Buddleia davidii

4- Neyraudia reynaudiana
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Table 12- Means comparison of the effects of slag and organic compounds treatments on active iron (mg.kg?)

C C2% C1% P2% P4% (Average) (il
So 17.14% 25.11%Y 29.66' 19.27vY 22,51 22.73F
Seq 28.16™ 30.36" 39.4570 31.04 38.59 0 33.52¢
Sz 31149 453799 46.16 % 43511k 45.09 4" 42258
Sa 43.90" 49,76 53.19%® 49,374 51.66%¢ 49.57A
S2S° 32.03P" 39.07 ko 4311 42.96™ 44,40 40.318
S4S° 16.83Y 47.41¢°f 49.30°4 44,28 46.38f 40.848
SoS°T 35.52° 41209 42.79% 40.19'+° 43.67 40.678
SuS°T 46.77 4 52.27%® 54.062 47.11¢°f 48.82%¢ 49.81A
Saa 21.69 4% 35.57°4 37.40™° 27.76 36.18™° 31.72¢0
Sta 24.70W 37.21mo0 P31.68 23.95% 32.03p" 29.91°
EDTA 18.26"Y 22.104w 43.60 40.46 " 40.60 " 33.00¢
(Average) ,:Ske 28.74° 38.67°¢ 42,764 37.26¢ 40.908
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Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
Slodds Cipogs £ Jgda 53 byyless

See the Table 6 for description of the treatments
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Table 13- Simple correlations coeffcients for traits

Cha Chb Cht SPAD GO GPX FeA FeP
Cha 1
Chb 0.9%=* 1
Cht 0.98%== 0.95%= 1
SPAD 0.70%*== 0.78#*= 0.75%* 1
GO 0.82%== 0.89#= 0.86%* 0.75%*= 1
GPX 0.82%== 0.90%#*= 0.87%== 0.74% 0.98%== 1
FeA 0.79*=* 0.87%=* 0.83=* 0.75%=* 0.90%== 0.89*=* 1
FeP 0.45*=* 0.51%=* 0.47%= 0.39#=* 0.40%== 0.41%== 0.45*= 1

ol ofooN gyl paws j3 390 ol il *FHE
*** significant at %0.1 level of probability
ol Jld ol FeA lapsTy a5bslS w51 :GPX 5lawSTyy JSUE aupl 16O o5y (Kisjw ,adlis SPAD (S Lido,IS :Cht b LS :Chb @ Libs,1S :Cha
oS Sy S oal FeP
Cha: chlorophyll a, Chb :chlorophyll b, Cht: Total chlorophyll, SPAD: Leaf chlorophyll Index, GO: Guiacol Peroxidase, GPX:
Glutathione Peroxidase, FeA: Active Fe, FeP: Total Leaf Fe.
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Introduction: Iron deficiency is one of the most common nutritional problems of plants in arid and semi-arid
soils especially in calcareous soils. Iron is essential to many cellular activities, required for optimum growth and
development, however it is insoluble in aerated soils at neutral or basic pH, therefore, iron deficiency is common
in these soils. The problem is usually solved by using iron synthetic chelates which is a very expensive option.
There is, therefore, a need for cheaper and more effective alternatives to traditional Fe fertilizers. Several reports
have shown that application of Fe factory by-product to soil tends to raise the availability of Fe and reduce Fe
deficiency in plants. Application of organic compounds to soil may improve the solubility of the minerals
containing micronutrients and correct their deficiencies in alkaline and calcareous soils. A large amount of slag
is produced annually at the Sarcheshmeh Copper Complex, Kerman Province, Iran. So far, the copper slag,
however, has not been tested as an Fe fertilizer in calcareous soils. Since about 53.8% of slag obtained from
copper concentrate melting is composed of iron oxides, we, thus, examined the effect of copper slag along with
organic compounds on the level of upper leaf iron, photosynthetic pigments, SPAD index, the activity of plant
enzymes and the level of active iron in the upper leaves of sorghum by performing a factorial experiment in a
completely randomized design.

Materials and Methods: In order to study the effect of copper slag (one of by-products of melting copper
concentrate in Sarcheshmeh Copper Complex, Kerman Province) and organic compounds (cow manure and
pistachio skin) on total leaf iron content, photosynthetic pigments (chlorophyll a, chlorophyll b, total
chlorophyll), antioxidant enzymes activity (Guiacol Peroxidase, Glutathione peroxidase) and concentration of
active iron of young leaves developed of sorghum, a pot experiment was conducted in the greenhouse with three
replicates per treatment. We applied experimental treatments including 5 levels of organic matter (pistachio skin,
cow manure at 2 and 4 wt. % and control sample), and 11 levels of iron (copper slag, copper slag with sulfur,
copper slag with sulfur and thiobacillus, acidic slag (each 2 levels each), sequesterine, foliar application of
EDTA, and control sample) to a soil sample with low iron content. At the end of the incubation period, sorghum
bicolor was cultured in the above treatments. Ten seeds were sown in each pot. Seedlings were thinned to 4
when they were about 10 cm high. During the growth period, pots were irrigated with distilled water as needed.
Before harvesting, SPAD, the concentration of photosynthetic pigments, level of active iron and activity of plant
enzymes were also measured in fresh plant samples. Furthermore, the concentration of Fe in the leaves was
measured. Analysis of variance was performed using software SAS and significant differences were determined
based on LSD (Least Significant Difference Test) at p < 0.05 level.

Results and Discussion: The interaction between slag treatments and organic compounds showed that
treatments of 4 wt. % of cow manure with slag of 4 times of recommended soil test value (C4Ss, and 4 wt. % of
cow manure with slag of 4 times of recommended soil test value with sulfur and thiobacillus (C4S4S°T), had
significant effects on increasing photosynthetic pigments pigments (chlorophyll a, chlorophyll b, total
chlorophyll), SPAD index, activity of plant enzymes (Guiacol peroxidase, Glutathione peroxidase) and active
iron. The highest active iron level in the young leaves developed (54.06 mg / kg) was observed in (C1S4S°T)
treatment which showed a significant increase compared to the control treatment (17.14). Increased
concentration of active iron was also observed due to application of treatments (slag, organic compounds and the
interaction between treatments) in sorghum young leaves. The photosynthetic pigments (chlorophyll a,
chlorophyll b, total chlorophyll), SPAD index and activity of plant enzymes (Guiacol peroxidase, Glutathione

1, 2, 3 and 4- Ph.D. Graduate, Associate Professors and Assistant Professor, Faculty of Water and Soil Engineering,
Gorgan University of Agricultural Sciences and Natural Resources, respectively.

(*- Corresponding Atuhor Email: mbarani@gau.ac.ir)

5- Assistant Professor, Department of Civil Engineering, Sirjan University of Technology, Sirjan
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peroxidase) were more correlated with active iron in young leaves developed compared to total iron
concentration in these leaves. This indicates that active iron can be used as an index to detect iron deficiency.

Conclusion: The higher level of active iron in the young leaves developed was more associated with
physiological indices of sorghum as compared with total Fe concentration in these leaves. Therefore, this
parameter can be used as an index to detect iron deficiency. In this study, increasing the level of slag consumed
and consequently increasing Fe concentration in the leaf resulted in a significant increase in chlorophyll a,
chlorophyll b, total chlorophyll, carotenoids and activation of the plant enzymes.

keywords: Active iron, Copper slag, Photosynthetic pigments, Plant enzymes
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Table 1- Primers used to amplify the V3 variable region of bacterial 16S rDNA gene sequences

I Sl pU
(Sequence) (primer)
5 TACGGGAGGCAGCAGT 3’ PLK1
5 TATTACCGCGGCTGCT 3' PLK2
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Table 2- Some physical, chemical and biological properties of the studied soil
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Figure 1- a. Electron Microscope (TEM) Image of AgNPs b. Particle size distribution of AgNPs
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Figure 2- Interaction of different times and concentrations of AgNPs and AgNOs on the population of soil heterotrophic
bacteria
(\Values obtained from the mean of 3 replicates). The means with dissimilar letters have a significant difference at the level of 5%
probability.



VFoo siduol — (oot F o ylods ¥ Al (S g T a5 AYA

0,008

— 0,004% . - —
W b
Q -
=1 0.004 ¢
n e
. -~
‘]) = - 00035
L =
™" § = E 0.003
g 2.8 B
2 = ko 00025
428 b
2 A
\2‘ —_ o Qo
VS L O L
o Ra) —
Y o) BO poms
4 B E ni
V)= 0.001
=
~ 0.0005 |
3 0004
@A
o L s -
0 08 5
AgNP

Yis \ASTY!

07 day m42 day

0.8 s 10 0 100

AgNO;,

Ag concentration (mg kg ! soil)

o;n.a;«l:l:— 2l

S 9550 A5l (wdid 9 AGNO3 9 AGNPs cilises slacdile 5 ol Bl 51 - S

At Lo pd B Jloss ] o (3 )b gime ©olds (glyly ailiiopue By b b Sl (it H,SO Y (ko 3l o> y0lie)
Figure 3- Interaction of time and different concentrations of AgNPs and AgNOs on soil microbial substrate induced
respiration
(Values obtained from the mean of 3 replicates). The means with dissimilar letters have a significant difference at the level of 5%
probability.
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Figure 4- Interaction of time and different concentrations of AgNPs and AgNOs on urease activity
(Values obtained from mean 3 replicates). The means with dissimilar letters have a significant difference at the level of 5%
probability.
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Figure 5- Interaction of time and different concentrations of AgNPs and AgNOs on dehydrogenase activity
(Values are the mean of 3 replicates). The means with dissimilar letters have a significant difference at the level of 5% probability.
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Figure 7- Mean Percentage of relative concentration of soil bacterial 16S rDNA fragments in different treatments of AgNPs
and AgNOs
(Values obtained from the average are 3). The means with dissimilar letters have a significant difference at the level of 5%
probability.
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Introduction: Silver nanoparticles (AgNPs) have a broad spectrum of uses, therefore, AgNPs will be released
from those products into many different ecosystems. In the last decades, AgNPs have received substantial attention
due to their distinctive physical and chemical properties such as high thermal and electrical conductivity, chemical
stability, catalytic activity and antimicrobial properties against microbes such as bacteria, fungi, and viruses. There
are many parameters for assessment effect of toxicity due to AgNPs but soil microbial community is one of which
considered being an important target for assessing the impact of manufactured nano-materials on the terrestrial
environment. Toxicity of AgNPs is due to the physical interaction of AgNPs with microorganisms and the
production of reactive oxygen species (ROS). Although as we have been known harmful effects of AgNPs on the
soil bacterial community, but the most information about antimicrobial properties of AQNPs come from the routine
lab instructions such as soil respiration, substrate induced respiration and microbial biomass and colony forming
unite. So, the objective of this paper was to study the effects of silver nanoparticles on microbial activity using the
routine lab instructions and compare with the obtained data from the molecular genetic techniques. In this paper,
the quantitate population of soil bacterial was estimated using Real time gPCR with the MIQE guidelines.

Materials and Methods: In order to study the effect of silver nanoparticles on microbial activity and bacterial
population in a calcareous soil, an experiment was conducted as a completely randomized design based on factorial
arrangement with three replications. Experimental factors included silver slat forms (AgNPs and AgNQ3s), Ag
concentrations (0, 0.5, 5, 10, 50, and 100 mg Ag kg™ dry soil) and incubation time (7 and 42 days). Soil samples
(Typic Haplicambids) with clay loam texture and seven percent of calcium carbonate was collected from Research
Field of Ferdowsi University of Mashhad, Mashhad, Khorasan Razavi, Iran. The soil samples were amended with
different concentrations of AgNPs and incubated at 25°C for 42 days. The water content of soil samples was
adjusted at 70% WHC during the incubation time. After 7 and 42 days of incubation, the soil substrate-induced
respiration (SIR), heterotrophic plate count (HPC), and soil urease and dehydrogenase activities were measured.
Finally, based on the obtained data, the soil biological quality index was estimated using the soil biological
parameters. In order to quantify the total bacterial population, DNA was extracted from soil samples and was
estimated using the relative concentration of 16S rDNA gene by a quantitative Polymerase Chain Reaction (qQPCR),
with a minimum information for publication of quantitative real-time PCR experiments (MIQE) guidelines.

Results and Discussion: The results showed that with increasing the concentration of both AgNPs and AgNOs,
the activity of dehydrogenase and urease in soil samples decreased during the incubation times. Microbial substrate
induced respiration (SIR) and the total bacterial population in soil samples considerably declined at the end of
experiment. Bacterial population in AgNPs treatments decreased compared to AgNOs treatments but the reduction
was not statistically significant. Over time, soil dehydrogenase activity and soil SIR decreased in both AgNPs and
AgNO; treatments, while soil urease activity and heterotrophic bacterial populations improved but again in
heterotrophic bacterial populations was not statistically significant. The soil biological quality index was estimated
from the soil biological data. AgNOs; treatments reduced the soil biological quality index compared to AgNPs
treatments. In other words, the results showed that AgNO3; was more toxic to soil bacteria activity compared to
AgNPs. The lowest soil urease and dehydrogenase enzyme activity and soil biological quality index were observed
in the treatment of 100 mg kg™ dry soil AgNO; after 7 days of incubation. The application of 0.5, 5, 10, 50, and
100 mg Ag kg dry soil decreased relative soil bacterial population by 22%, 40%, 59%, 73%, and 82% in AgNO3
treatment and 10%, 30%, 68%, 76%, and 86% in AgNOstreatment compared to control after 42 days of incubation,
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respectively.

Conclusion: The results of this study showed that silver nanoparticles can negatively affect the enzymes
involved in the nitrogen and carbon cycle. The AgNPs had less toxicity effect on the soil microbial activity
compared to AgNOs. However, AgNPs was more toxic to soil bacteria populations compared to AgNQOs. Different
behavior AgNPs and AgNOs in calcareous soil needs more investigations but there is no doubt that AgNPs is as
an emerging contaminant and it has high toxicity potential for soil microbial community.

Keywords: Bacterial population, Dehydrogenase, Silver nanoparticles, Urease, PCR
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5- double attenuation factor for radar waves passing
through vegetation
6- incident angle
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1- total canopy backscattering coefficient
2- vegetation backscattering coefficient
3- soil backscattering coefficient

4- vegetation water content
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Introduction: In the last decade, satellite-based methods, including remote sensing and microwave methods,
have been used in many studies to detect soil surface moisture regionally. Thermal remote sensing method is quite
effective for checking moisture for bare soil but shows poor correlation for vegetated surfaces. In addition, there
is a widespread use of this method in the presence of temperature differences during the day. Satellite imagery
enables the ability to measure humidity according to the environmental conditions at the surface. Thus, compared
to field measurements, remote sensing techniques are promising because they are capable of spatial measurements
at a relatively low cost. Water supply is one of the main causes of evapotranspiration, which can affect it. Soil
moisture can be considered as the most direct and important variable describing drought and is the main parameter
describing water circulation and energy exchange between the surface and the atmosphere. Scale reduction
methods for soil moisture can be divided into three main groups including satellite-based method, GIS data and
model-based methods. The same methods have been used extensively in monitoring soil moisture for different
spectral patterns at different wavelengths, from visible to microwave remote sensing data. Spectral reflectance
decreases with increasing soil moisture in the visible and near-infrared (NIR) range. Therefore, these methods can
be used to estimate soil moisture using satellite data for water budgeting and other meteorological and agricultural
applications.

Materials and Methods: In this study, using the information provided by Zaki (2013), the measured humidity
by the sensor was compared with the humidity obtained from the satellite. The soil moisture were measured in 16
points from an area of 13 hectares from Neyshabour plain of Khorasan Razavi province. The novelty of this study
is to provide a simple method for using Landsat 7 satellite imagery to estimate the surface moisture of areas of the
Earth to eliminate field sampling and optimal use for agriculture. One of the advantages of this method is the
reduction of information obtained from the field as input values for crop modeling that can be used to estimate
crop yield, so the moisture measured during the winter wheat crop period from November 2012 to March 2013
was used.

Results and Discussion: The placement of band numbers 3 and 4 opposite each other to calculate M, the line
equation was fitted. Since satellite imagery is not performed daily by satellite, six images were extracted during
the growing season. On November 12, which is actually 12 days after planting, the plant is entering the germination
stage and the soil is mostly bare. Because the satellite does not receive enough reflected green light, the accuracy
of the image in measuring soil moisture decreases, but after the plant grows, the green light is reflected and the
amount of digital digit of band 4 is affected, as a result, the amount of moisture in the plant leaves and stem is
involved in measuring soil moisture, which is consistent with the results obtained by Petropoulos et al.

Conclusion: In general, the results of this study showed that the simple and efficient Red-NIR spatial geometry
model has a great ability to estimate soil surface moisture in favorable weather conditions and this method can be
used for plant modeling as input data.

Keywords: Mathematical calculations, Red-NIR spatial geometry model, Spectral reflection, Soil water
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1- Normalized difference vegetation index (NDVI)
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Table 1- Types of diversity indices used in this study

Indices Reference Formula
DL @8 > s nns
H =-Ypi.In
Shannon index 2pi.Inpi
o "'»L‘) Ibanez et al, 1995 E=H /Hmax =H’ /InS
Evenness index

Richness index

H” = Hmax = InS

@dlas )3 39390 clinl JS ol =N ol Tanly 4 slete eljal Slglyd g dlaws =N« NI/NCows = PI o951 =H

i ol b il o 3 sl sl e S slas = S

H’= entropy, Pi= Ratio of ni/N, ni= Number and frequency of components belonging to unit i, N= The total number of components in
the study, S= Number of species means the number of components within each class or map unit

ol 3,85 g sl o ‘_;)Loi S anglio Caa sund s3liuw! buly, Y Joua
Table 2- Statistical Relationships used for comparisons between Shannon diversity indices

& Jges2
Reference Formula
B padls i)y Z Z 12
V ['I = - i Ny +4{(5—1)f2ZN"
(Shannon index variance) = [ piltpy)” — () pilnp)” / t )2
PEMEESS Taylor,1978

(Degrees of freedom)

d.f = (Var H, + Var H, )

-

t o,bel
(t Statistic)

t = (H, — H,)/(Var H, + Var Hy)*/?

t ool =t (ool dys =0.F ol sy el dsmslno 5,5 il o = VAT Hj ordslns 5,85 Lasle= H
[—Ii': Calculated diversity index, Var [—Ii':Variance of Calculated diversity index for unit i, d.f= Degrees of freedom, t=t Statistic
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Table 3- Located Soils in the selected landform unit with observations number

S Joold x> LS g0, S a8 ol Sl
Soil family Soil code Number of observation
Fine, mixed, mesic, Vertic Haploxerepts A 10
Fine, mixed, mesic, Typic Haploxerepts B 10
Fine, mixed, mesic, Typic Calcixerepts C 4
Fine loamy, mixed, mesic, Typic Calcixerepts D 1
Fine, mixed, mesic, Vertic Calcixerepts E 4
Fine, carbonatic, mesic, Typic Calcixerepts F 1
Fine loamy, carbonatic, mesic, Typic Calcixerepts G 1
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Figure 2- Separation of selected landform unit to phase of landform units using Normalized difference vegetation index (A),

Aspect (B), Terrain Ruggedness Index (C), incorporation of these 3 indexes (D)

(Legend of landform phase maps is given in Table 4)


https://abadis.ir/entofa/separation/
https://abadis.ir/entofa/incorporation/
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Table 4- Legend of landform phase maps

axlg o _ B asly
. s jB oSl (S . o lased
2002 - _— Phase separator 2002 = i
Landform Characteristics feature Landform Characteristics
unit phase unit
Pi4611(N) bogie (2l b
Sglis o oy adli (Vegetation: Medium)
B by Pi4612 (N) o LS by
(NDVI) (Vegetation: Low)
< : bj sals i
(<) Pi4613 (N) SRR oo
(Vegetation:High)
Pi4611(A) (2 e Sh
(Aspect: to the South)
B Pi4612 (A) o i 2
(Aspect) (Aspect: to the North)
(<) _ S e icad Cax
Pi4613 (A) (Aspect: to the
Southeast)
. Lj:s)lgonl
lasely b tlad yae Pi4611(T 2L )y
< o o M (TRI:High)
s g8y g Gty 0w Sslgenl jasl Lo s fpusl
o s il e 5leS e ¢ ol S TRI Pi4612 (T 7S
9 Cadpd &l (65353165 Slgu i pulid S ((c)) M (TRI:Medium)
oo jurtad 8y oyme ~
: e 2)082) . ;
Pi461 Pi4613 (T) oS 15 )lgenl
(TRI:Low)
(Landscape: Piedmont plain, Relief / molding: hege i alS iy,
Glacis, Lithology: coarse and fine grain quaternary il Caz S 16 )lpenl
deposits, Landform: Middle glacis) Pi4611 Js
(Medium vegetation,
Low TRI, to the North
oglis 015 Jloys sl Aspect)
) B ) I Lf s s
Solgenls jasli ol o T slge
(NDVI, Aspect and Pi4612 eles
TRI) (Medium vegetation,
() Low TRI, to the South
Aspect)
16 ool =05 1 2lS sy
) 9 i Ca S
Pi4613

(High vegetation, Low
TRI, to the South
Aspect)
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Table 5- Conditional probability values and pedodiversity indices in the selected landform

R om0 Jl&_.\s IXFYWIIReY) P()(_) ol padll L&U»Lw :"‘:: o lus
Landform Soil Number of Conditional Shannon Richness J Area
code observation statistics index index Evenness (ha)
index
A 10 32.25
B 10 32.25
C 4 12.90
Pi4611 D 1 3.22 1.59 1.94 0.81 1223.35
E 4 12.90
F 1 3.22
G 1 3.22
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1- Homogenous map units
2- Compound map units
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Table 6- Conditional probability values and pedodiversity indices in the landform phases

JBosiSlas Shy  Coupom;il SB S oaslie slas ol psld L asld """
Phase separator Landform Soil Number of P(X) Shannon Richness Solged

feature phase unit code observation index index E\_/egness
index

ol
Area (ha)

20
53.33
6.66
20

Pi4611(A)
118 1.38 0.85 490.76

35.7
14.28
21.42 1.33 1.60 0.82 640.57
7.14
7.14

(Aspect) Pi4612 (A)

50

Pi4613 (A) =

0.69 0.69 0.99 92.01

52.63
15.78
5.26
15.78
5.26
5.26

1.36 1.79 0.75 812.24

Pi4611(N)

sl osd Jloy asls
P by

(NDVI)

Pi4612 (N) 0.56 0.69 0.80 244.06

Pi4613 (N) 0.37 0.69 0.53 167.04

1.65 1.79 0.92 342.97

Pi4611(T)

L;lmd)l%mli ua.>Lu

o)
(TRI) Pi4612 (T)

1.38 1.38 0.99 376.50

Pi4613 (T) 121 1.38 0.87 503.86

Pi 4611 0.50 0.69 0.72 209.27

Pi 4612 13 1.38 0.93 190.71

pi 4613 0.50 0.69 0.72 103.88

Sl s Jloy sasls

*pi 4614 100 - - - 27.63

oz o 2lS b

*pi 4615 100 - - - 47.76

&lsenl adli cud

*pi 4616 100 - - - 160.63

(NDVI, Aspect and “pi 4617 100 _ _ _ 140.44

TRI)

pi 4618 0.69 0.69 0.99 92.01

50

pi 4619 100 0 1 - 111.81

66.66

pi 46110 5

0.63 0.69 0.90 103.61

@ [O|o] > |o]|T] o > | m| o |m|o|m|ofo|>|ow|X>|m|o]om| > m|o]m| > O] oo m| > m|o| o] oo njm|o|o| > | o njm|o|of o] > m|o] o >
N Ll 1 PN D Ll Bl Bl Bl HHJ>N|—‘NN|—‘J>UQ|—‘\IU‘ID—‘l—‘Hl—‘l—‘Hl—‘l\)l\)wl—‘\ll—‘wldl—‘wldwgldl—‘l—‘lﬂwr\)\lwl—‘mw
=
(e]

pi 46111 100 0 1 -

35.52

)85 oline sy ol sl o5 asls dusloes 5 Cusl 48,5 )15 lasly cpl 1 S g5 K, Lais®
*Only one soil type is located in these units so calculating the diversity index for these units is not significant.
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Table 7- Comparing of statistical differences between landform phase units separated according to different landform
characteristics

S U Al oS T SRy il gbsly ST u»u 35 as L iyl @3l3l @y t oL
S, Map unit oL Shannon index Degrees of t
Phase separator feature code (Sifr‘]f:‘jr;%m variance freedom Statistic
Pi4611 (A) 1.18 0.032
Pi4612 (A) 133 0.046 28 0.53
.. Pi4611 (A) 118 0.032
e SR Pi4613 (A) 0.69 0.125 3 1.23
(Aspect) Pi4612 (A) 133 0.046 . Lo
Pi4613 (A) 0.69 0.125 '
Pi4611 (N) 1.36 0.045 .
Pi4612 (N) 0.56 0.087 9 2.24
Bl s Pi4611 (N) 136 0.045 2 310
(NDVI) Pi4613 (N) 0.37 0.059
Pi4612 (N) 0.56 0.078 o 063
Pi4613 (N) 0.37 0.059 :
Pi4611 (T) 165 0.043 o 072
Pi4612 (T) 138 0.093 :
& gl Pi4611 (T) 1.65 0.043 20 L1
(TRI) Pi4613 (T) 121 0.021
Pi4612 (T) 1.38 0.093 5 049
Pi4613 (T) 121 0.021 :

(Significance at 90% confidence level)*

il go I bze o pd Ar Jloin] o 4o 5
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Table 8- Comparison of statistical differences between landform phase map units considering all 3 landform characteristics

B8 et il ly
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Introduction: Delineating landscape into homogenous units is fundamental to managing resources and
delivering sustainable development. The importance of this has long been recognized as a critical issue in
various studies and it has been examined from different aspects. In soil mapping, the geopedologic approach is
used for landscape classification, which was defined by Zinck (1989). This approach differentiates landscapes
into landforms to increase the purity of soil map units. Therefore, the aim of this study was preparing
geopedologic maps of the study area on the level of landform phases intending to make more homogeneous soil
units.

Materials and Methods: Honam sub-basin in Lorestan province is one of the most important agricultural
areas in the Karkheh River watershed. Soil moisture and temperature regimes of the area were Xeric and Mesic,
respectively. After a primary interpretation, a geopedology map of the study area at the landform level was
prepared according to the geopedologic approach. After soil surveying, 31 profiles were excavated, described,
and sampled in the largest delineation of this map. Ultimately, this landform unit was differentiated to the
landform phase units using morphometric features and normalized difference vegetation index. Pedodiversity
index was computed for each landform phase unit to investigate the credibility of the geopedological approach
for this unit. The conditional probability of each soil family was also measured in each landform phase unit to
compare statistical differences between landform phase units. Furthermore, statistical comparisons were made
between the Shannon indices of each unit.

Results and Discussion: The soils of the study area were classified into seven soil families according to Soil
Survey Staff (2014). Based on the geopedology map, this area includes two landscapes of Piedmont plains and
valleys. These two landscapes were differentiated to 6 and 3 relief/molding, respectively. Geologically, the study
area has 5 lithologic units. Finally, 22 landform units were identified in this area. The area of the widest
landform with the code of Pi461 was 1223.35 ha. With individual use of NDVI, TRI, and aspect map, this
landform unit was differentiated into 3 phases, and with the use of these 3 maps collectively, 11 phases were
differentiated. The results showed landform map unit of Pi641 with 31 soil profiles and 7 soil families has the
highest value of diversity indices, such as 1.59 for the Shannon index. In addition, this map unit is a compound
map unit consisting of several soils, where the highest probability of observing soils is related to soils A and B
with 32.5% probability. By differentiating this landform unit into phases, the Pi461 map unit is separated into
smaller units that are more homogeneous. For example, when it is separated according to the vegetation
characteristics, the three phases Pi4611 (N), Pi4612 (N), and Pi4613 (N) were differentiated that have medium,
low, and high vegetation, respectively. In this case, Pi4612 (N) map unit with 75% probability of soil C
observation and Pi4613 (N) map unit with 87.50% probability of soil B observation are two homogeneous map
units. The Shannon index of these two units is 0.56 and 0.37, respectively, which indicates the purity of these
map units. The results also showed that diversity indices and conditional probabilities, respectively, were
decreased and increased in most of the landform phase map unit compared to the landform map unit. The use of
normalized difference vegetation index compared to other environmental features has been effective in
separating the landform phase units and preparation of homogeneous map units. So, the most probability of
observing the dominant soils of the study area increased from 32.25% in the landform unit to 52.63, 75.75, and
87.50% in the landform phase unit, and the Shannon index decreased from 1.59 in the landform unit to 1.36,
0.56, and 0.37 in the landform phase units. The use of other environmental features to increase the purity of the
landform phase map unit is suggested in future studies.

Conclusion: Results of using geopedological approach at landform level in the study area showed that this
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level is useful at highest levels of soil classification (from order to great group), but due to the complex nature of
soils at lower levels of classification (family and soil series) does not have enough efficiency. Therefore, for
improving the geopedology method accuracy and to present more uniform map units at lower levels of
classification, landform phase maps were presented according to the environmental characteristics of the selected
landform. The statistical comparisons between Shannon indices calculated for each map unit in the landform
phase map showed a significant difference at the 90% probability level between most of the units, which
indicates an increase in the purity of these units at the soil family level.

Keywords: Conditional probability, Geomorphology map, Pedodiversity indices, Terrain Ruggedness Index
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Location of the studied area and distribution of synoptic stations-Figure 1
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Table 1- Number of rainy days and the Maximum daily precipitation in Sistan and Baluchestan
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RESW 39y 55l yiSTan 395 fr’; 3 i ‘)9;::'9 »
Station Maximum Daily Precipitation ' Fo e 25l e .
Number of Rainy Days with more than 1 mm rain
J;
(Zabol) 20 66
Oolaal;
(Zahedan) 14.5 102
531491
R 31 116
(Iranshar)
b 27 117
(Khash)
Olglpw 14.6 100
(Saravan)
Sele 90.5 32
(Chahbahar)
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Table 2- Precipitation thresholds of the 90" percentile in Sistan and Baluchestan stations

&b H; ol Reddlpl 6 Olglw Sl
(Date) (Zabol) (Zahedan) (Iranshar) (Khash) (Saravan) (Chahbahar)
ol Sao
oskes &y olins] 65 8 8.3 7.4 8 13.4
(90" percentile in mm)
2007/6/7 0 1.3 23 10.5 143 90.3
2009/3/31 3 145 22 16 13.8 0.7
2014/3/27 0 0.7 12 7.3 14.6 21
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Figure 2- (c, b, a) Sea level pressure (hpa) and geopotential height (m2) of 500 hPa for June 5, 6 and 7, respectively. (a) and
(b) the relative vorticity (s7"1%%) of 500 hPa and the vertical velocity (51*12) of 700 hPa with geopotential height at 500 hPa on

June 7, respectively
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Figure 3- (f) Specific humidity (gr*kg) at 850 hPa on a large scale and (g) humidity advection at 850 hPa on 7 June
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Figure 4- (a, b, c) Sea level pressure (hpa) and geopotential height (m) level of 500 hPa for March 29, 30 and 31, respectively. (d)
and (e) the relative vorticity (s 10-%) of 500 hPa and the vertical velocity (s110?) of 700 hPa with geopotential height of 500 hPa on
.March 31, respectively
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Figure 5- (f) Specific humidity (gr/kg-1) at 850 hPa on a large scale and (g) humidity advection at 850 hPa on 31 March
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1- Vertical Movements
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Figure 6- (c, b, a) Sea level pressure (hpa) and geopotential height (m) of 500
hPa for March 25, 26 and 27, respectively. (a) and (b) the relative vorticity (s*10) of 500 hPa and the vertical velocity (s10°
2) of 700 hPa with geopotential height at 500 hPa on March 27, respectively
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Figure 7- () Specmc humidity (gr*kg- 1) at 850 hPaon a Iarge scale and (g) humidity advectlon at 850 hPa on 27 March
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Figure 8- Cell values (0.25 ° x 0.25°) of specific humidity of precipitation systems for (a) the first pattern (June 7) (b) the

second pattern (March 31) and (c) the third pattern (March 27) in The longitude direction is 60.5 and between latitudes 25 to
31 degrees north (from south to north) at 3 levels of 1000, 850 and 700 hPa
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Introduction: Sistan and Baluchestan Province, in southeast of Iran, is covering about 11 percent of the
whole space of the country but is one of the driest provinces in Iran and its average annual rainfall is about 110
mm. The purpose of this study was to identify large-scale atmospheric circulation patterns causing extreme and
widespread rainfalls during the warm seasons (spring and summer) in southeast of Iran (Sistan and Baluchestan
province).

Data and Methodology: Precipitation data of 6 synoptic stations of Sistan and Baluchestan province during
a 30-year statistical period (1979-1998) were obtained from Meteorological Organization of Iran (IRIMO). The
intensity of precipitation based on 90" percentile threshold and widespread precipitation index of at least >50%
of the studied area were calculated. To identify the synoptic patterns of the upper atmosphere, the ERAS data of
the ECMWEF European Center of Med-Latitude Weather Forecast with spatial resolution of 0.25° x 0.25° were
obtained. The collected atmospheric parameters included mean sea level pressure (mslp), geopotential height (z),
specific humidity (q), zonal (U) and meridional (V) wind components, relative vorticity (rv) and omega (w) and
maps of the upper atmosphere were drawn at different levels using Gards software in the domain of 10 to 70E
and 10 to 90N. Regarding the two selected characteristics, three events of heavy and widespread precipitation
were determined.

Results and Discussion: By analyzing the daily rainfall data over a period of 30 years (2018-1988) during
the warm months of the year, the number of days with torrential and widespread rainfall in Sistan and
Baluchestan province were determined. According to the index the previously defined floods and mudslides
were obtained for 3 days with torrential and widespread floods that often occur in the spring, which are
categorized to three main patterns including: 1- Gono Tropical Storm 2- Omega Blocking and 3 — 500 hpa
trough system. The results showed that during the maximum 24-hour precipitation, in the first synoptic pattern,
the southern cities of the province received the maximum precipitation due to the proximity of the storm’s core,
but gradually from southern to northern latitudes, the rainfall declined considerably so that Chahbahar station
had the maximum rainfall and Zabol station recorded zero rainfall. The storm is expected to move eastward as it
moves to higher latitudes, but the high pressure formed on the Indian subcontinent acted as a barrier and directed
the storm to the west, thus affecting the southern regions of Iran. In the second and third pattern, the location of
Sistan and Baluchestan province in front of the trough axis and advection of cold weather of the northern
latitudes were the main causes of instability that lead to heavy rainfall. The moisture of these rainfalls was
obtained from Oman, Arabian Sea and Indian Ocean respectively. In the second pattern, the anticyclonic
clockwise motions of the Arabian Sea has provided the moisture for extreme precipitation events. Common
points of all three precipitation patterns are atmospheric moisture reduction in all three levels of the earth, 850
and 700 hectopascals from south to north of the province. This is mainly due to the distance from moisture
sources as well as the arrangement and height of the roughness of Sistan and Baluchestan province, which has
caused moisture trapping and prevented the transfer of sufficient moisture for the occurrence of torrential rains.
In the second model, the amount of moisture reduction from south to north is less, which indicates the activity of
the Arabian Sea high pressure and the power of this high pressure in moisture transfer. In general, with
increasing altitude towards the northern regions, mainly rainfall systems have lost their moisture and unevenness
has prevented the proper distribution of moisture in the province.

Conclusion: In southeastern Iran, the spatial distribution of precipitation is strongly influenced by the
proximity to the sea and the location of the topographic features. Upper air levels turbulences are the most
common cause of air mass rise. The main factor in reducing heavy rainfalls in northern areas of Sistan and
Baluchestan is the lack of sufficient water vapor to reach these areas. Extreme rainfall is more likely to occur in
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spring than in summer due to the appropriate thermal gradient in southeastern Iran. Finally, the results of the
study showed that the possibility of precipitation in spring compared to summer due to the appropriate
temperature gradient in southeastern Iran and the activity of Siberian and Northern European high pressure, the
conditions for fronting in these areas are provided. Since the humidity of the southern oceans through
atmospheric rivers has been effective in the occurrence of heavy rainfall in southeastern Iran, rising temperatures
in the southern oceans due to global warming can strengthen moisture flows in the future and from this route to
affect the intensity of rainfall in southeastern Iran.

Keywords: Extreme precipitation, Sistan and Baluchestan, Widespread precipitation
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Table 1- Bioclimatic variables used in constructing the distribution model of Halawi and Gantar cultivars in Iran and its

units
Abbreviation Environmental layers Unit
Bio 1 Average annual temperature Degrees Celsius (°C)
Vou Yl glod (1:Sbo o gambo 40
Bio 2 Average daily temperature range Degrees Celsius (°C)
Ve 3a) lod atel> (5,0l O geede 42>
Bio 3 Isothermal (Bio2/Bio7*100) Degrees Celsius (°C)
Yoe e ygnl pasls O gaeds 423
Bio 4 Seasonal temperature Degrees Celsius (°C)
T es hab it gk 423
Bio 5 Minimum temperature in the coldest month Degrees Celsius (°C)
Dy sle (2 3p S (slod Sl gk 423
Bio 6 Maximum temperature in the warmest month Degrees Celsius (°C)
7 9 oo (p 3y slod o> gl 2y
Bio 7 Annual temperature range Degrees Celsius (°C)
% Lo &Yl aeld gl 4> )0
Bio 8 Average temperature of the wettest season Degrees Celsius (°C)
Age: Slgte anlodws (3 ()l p bawgie slod O geede 42>
Bio 9 Average temperature of the driest season of the year Degrees Celsius (°C)
g Slgie anlods (5 ()b o5 bawgis (slod gl 425
Bio 10 Average temperature of the warmest season of the year  Degrees Celsius (°C)
Vg e aalodw (i S bawgile (slad g 42>
Bio 11 Average temperature of the coldest season of the year ~ Degrees Celsius (°C)
Vo sio anledus (3530 Lasgie (5lod gk 433
Bio 12 Annual precipitation Millimeter (mm)
W SVl (S5l gseome o
Bio 13 Precipitation of the warmest month of the year Millimeter (mm)
Woe olo cpyip S S8k ggeone Foide
Bio 14 Precipitation of the driest month of the year Millimeter (mm)
Woe olo (p pSid (S5l ggecna Foidhe
Bio 15 Seasonal precipitation Millimeter (mm)
103 Gl e S i o
Bio 16 Precipitation of the driest season of the year Millimeter (mm)
Vo ge2 Jad (ppSis SNk ggecne Foghe
Bio 17 Precipitation of the wettest season of the year Millimeter (mm)
Wi Juad (2 igloye (S5 ggorme Faisha
Bio 18 Precipitation of the warmest season of the year Millimeter (mm)
Mgz Jad nyipsS (SHk ggene Foike
Bio 19 Precipitation of the coldest season of the year Millimeter (mm)
sz b (n 520 (S8 ggene Fogke
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Figure 3- Iran classification map in terms of slope (Author,
1400)
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Figure 2- Iran classification map in terms of height (Author,
1400)
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1400)
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Figure 6- Distribution map of Gantar cultivar in Iran
(Source: Authors, 1400)
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Table 2- Values of potential area of Gentar and Halawi cultivars in the current conditions based on MaxEnt output

olb SIS o8, Coluw EM o) Colino
Classes Gantar area Halawi area
S J 1458617.58 1538784.21
Non-cultivable
e 69966.64 36049.65
Low
JG.MJ .
> 49139.15 30345.82
Medium
N 33042.49 23782.49
Good
sl 37429.15 18335.83
Suitable
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Figure 8- Distribution map of Gantar cultivar growth
talents in the current situation based on MaxEnt output
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Table 3- Values of potential area of Gantar cultivars in 2050 and 2070 based on MaxEnt output

CATRE 2050
Classes RCP2.6 RCP4.5 RCP6.0 RCP8.5
CulS JB \OYVAAD, D 15279855 1535115.8 1538069.2
Non-cultivable
e ¥03¥4,00 45929.15 37723.32 35846.65
Low
J“‘“?“’ YVVAS 55 27186.66 27458.32 26629.16
Medium
> YY.A¥ e 21094.16 23777.49 22042.49
Good
wollae Y¥aaa,vs 25999.99 24119.99 25607.49
Suitable
lib 2070
Classes RCP2.6 RCP4.5 RCP6.0 RCP8.5
— J{“’*“ 1503237.5 1511243.3 1508954.2 1513361.6
Non-cultivable
s 22493.32 31136.65 33939.15 28731.66
Low
Lo 54577.48 32464.15 44574.15 32969.99
Medium
N 37531.65 36643.32 29997.49 37087.49
Good
wolle 30354.99 36707.48 30729.99 36044.21

Suitable
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Table 4- Values of areas with cultivation potential of Halawi cultivar in 2050 and 2070 based on MaxEnt

olb 2050
Classes RCP2.6 RCP4.5 RCP6.0 RCP8.5
— J”'_b”'i 1522590.88 1529638.38 1510695.6 1521107.55

Non-cultivable
e 46821.65 44957.48 48182.48 61493.31
Low
JM’“ 36467.49 26514.99 37154.15 20884.99
Medium
s 16959.16 21962.49 27897.49 18388.33
Good
*if““" 25355.82 25121.66 24265.82 26320.82
Suitable
il 2070
Classes RCP2.6 RCP4.5 RCP6.0 RCP8.5
S J 1521440 1521485.88 1521653 1503202.56
Non-cultivable
S 51401.94 55757.48 59661.42 43599.15
Low
JMW 29694.45 30699.99 37032.26 58791.31
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w5 23999.45 15282.49 9028.33 20791.66
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wolle 21659.16 24969.16 20819.99 21803.32
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Figure 11- Distribution maps of Halawi cultivar growth talents with scenarios of RCP2.6, RCP4.5, RCP6.0 and RCP8.5 in
2050 and 2070 based on MaxEnt output (Source: Authors, 1400)
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Introduction: One of the most critical human issues globally is producing more food for the world's growing
population. The climate of each region is an effective factor in the agricultural sector and the amount of its
production. Iran is one of the world's date-producing countries, which ranks second in terms of date production
and exports. This plant has 200 genera and 4000 species, each of which can adapt to arid regions and can have
the highest production and economic efficiency in its proper place. It is a monocotyledonous plant from the
Palmaceae family that needs at least 10 degrees Celsius for continued growth. Growth will stop at temperatures
below 10 degrees Celsius, and temperatures below 4 degrees Celsius will encounter cold stress. This plant is
sensitive to environmental conditions and cannot live qualitatively and quantitatively in all hot and dry regions.
On the other hand, the palm tree is a plant that lives up to several hundred years, and some of its varieties bear
fruit up to 200 years old, but their valuable and economic life is on average about 50 years. It is noteworthy that
this tree did not produce an economic crop until ten years ago. Dates have an important role in currency
exchange, job creation, food security, and strengthening global competitiveness by providing income from non-
oil exports. Therefore, the construction of a palm tree is a risky long-term investment in the country. Dates have
different varieties, each capable of adapting to a region of arid regions and can produce the most production and
economic efficiency in its proper location. Global warming, its impact on different regions of the earth in the
future, and the response of the living creatures of these regions in the last century have led planners and
scientists of many disciplines, especially climatology researchers, and in particular agricultural climatologists, to
understand climate conditions and design long-lived sustainable plants that can survive in future environmental
conditions and have good economic returns, design programs, and awareness algorithms.

Materials and Methods: One of the best is the maximum entropy model (MaxEnt). By applying this
algorithm, it can be predicted how the species will exist in different regions based on the presence of the species.
The present study was conducted by field method, descriptive, and library statistics. The data used included
WordClim site data (bioclimatic variables), presence data of two cultivars of date palm, Gantar and Halawi, daily
meteorological data, elevation, and land slope based on the suitable land slope for palm tree cultivation, high and
low temperatures, and phonological data. CCSM4 model with quadratic scenarios of 2.6, 4.5, 6.0, and 8.5 was
used to predict and estimate different country regions in terms of talent for cultivation of two selected date
varieties. Due to the higher value of AUC in Scenario 4.5, this scenario was considered as the selected scenario.
This study is different from previous studies using the CCSM4 climatic model, new diffusion scenarios (RCP),
and prediction of date distribution concerning its cultivars, while previous studies on prediction of date
distribution have not paid any attention to it.

Results and Discussion: The results showed that the distribution and cultivation area of Gantar and Halawi
are different, and in the future, the suitable area of cultivation of Gantar cultivar will decrease, and the suitable
area of cultivation of Halawi cultivar will increase. Jacknife test showed that the model successfully predicted
the potential of cultivation area based on the AUC criterion and temperature-related biological variables (Bio 1,
Bio 6, Bio 8, and Bio 10) had the most significant impact on the distribution modeling of cultivars. Therefore,
with the rising temperature, parts of the country, especially the foothills of the plains, become more susceptible
to cultivation. So that at present, when the maximum height for the optimal growth of cultivars is about 700
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meters, it will reach about 1200 meters in the coming decades. At present, lranshahr city in Sistan and
Baluchestan province has the most desirable area of Gantar and Halawi cultivar cultivation. However, in the next
decade, the most desirable cultivation area will be the Gontar cultivar in Ahvaz city and Halawi cultivar in Jask
city. It was also found that using WorldClim site data for perennial and especially long-lived plants was not
sufficient. Because in these data, high and low temperatures that can destroy the plant during its life or shorten
its life and reduce the economic fruit of cultivation are not included, and of course gardening and fruit trees are a
long-term investment. The risk of investing should not be increased.

Keywords: CCSM4 model, Cultivation area suitability, Iran, Gantar, Halawi, MaxEnt entropy
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