VE- ) aoxio/ VE oY )l AF 5)Loud/ T 0,93/ (i} 9 (5,lil (51 0jlur owabige ligiss

AERI

g3 o £ 5

ol 21 58 Wlizko (LS OT U yao <o oo S 9 5590

Sl dozmo & L olger T puslis 12U T (g 5ol Juadllgsl T (5 ST (it M oalns 5 5
M BBl oy Lo gk O (6 puro yguaiio (g st doglli A Slgma gagodoxo YL ol Ledezxo
1 103 Lo pazma M7 fudd (gguge (> T (gLT 59 b 0B e T iy i s gyl
Ol @55 8551 s 5 Lbigel Dlinding Glojle (555l (pdige § (26 Dlirhod duwgo sale Sl (gl T

Olnl ety o65,5laS gy 5 Ghjgel elinion lojle 9iS gy Slidod duwge (cole Ola guac'

VERL YIS bl g,b VBT )10 el s fuyb

(XKWL

SRSl il 1l ol g3 (£ g (815 Jpazme YO OF (559000 9 S5kl T e () S b (dos o
Jgaome 83150 D91 Jgao p g glacdad ;o 1) Jad Sy Jlas (515 St 3,Sas 5 (gl o e Jolid Slawe
0o15855) (B Jgazee VY (g I35 iy «)15 ST clag) (Sl i ik iy gladgle )3 eon (it «p05) (€15
-a295) (e 9 S & 9 (LIS cdany (I3l 93,5 Ul o3 6551 ¢ 3t goad el laad egld ¢ 5,0 (S 32 (39 5 cicmn
b § a2yd AD 5l Gl Y guase il i 8,5 a5 5 3udod )3 (3l 0328 L (e joums cailgaid (53
9 =y Jad S5 3 el O pos Jgasme 1 (615 313 o0 gy Blie (Sl )3 1 59 (2 Ol 9 CulS 5
3ok o (535lo paw g (conlBl Ol 41 4295 b (L GBS (1 Jg Aogd (ko b g Sl S (612 (515 QLS 3, Ss
Comnd 1 (63l O (S 528 (5590 74 o 03l LS 53 9 (and JLr V- 3,8 (ilo 3 0 )15 il o | EL
(¥90 3L 5 G)lel T pors Eg00m0) O oo 1 Jpazmo 3 Sas o 51 O (559000 9 Soltl S o2 &1 Jguazmo 3 Ss
W e (65l O o2 1 (iSu (1398 Cuond )3 Jgpazmo 3 Shes © pd ol I (6l O e saly )3 (AIBL el 3
Jo 3l (068 5 0l (539050 coletl O 02) (w2 3y90 Sl i I (Sed Y guasme (yund (g B9 (il 5
S 3 G i YAAF 1 cillisee ¥ guasme (6l O o ilis 315 (Ui 3o g5 g3 )5 o3liiw] (glados Juloos
VO (Cul 25 g 2 Com) (5l O 02 (559 (nSle ol yuiio JSuiiad (512 ;USRS 2 xS o YYD+ + B 13I8 (sl
o 9 S 9 (£ (b OV gasme SSE @ (ad L (] o5 03,5 e YIS 3 anSo gl AT adlllans 390 Jguaseo
5, SV/Y axllas 3590 Jonasee YO (5152 03Lisue! 3 y90 W JS poe ol U 11 carSo yio YYEY 9 VESA AVSY i iy
25 e 35050 CuaSlo o 3, Lo A/F s i (5l Buod (] )3 & (FVgazme 3 okl O JS o2 9 cSle e
2033 Vo 3945 oS 3980 3,51 2 asSle i 35lbee YA/ 59 (2 Y guazms (5Ll (512 03Lw! 3,90 O JS oo cg00ne
PSS VD 9 3/% i s adlllan 390 Y gazme Ol 5 (g kel O (539082 (59 (ANl ol 498 prdy e O JS oo
oAU sl 3 (ad Lyl 51wl S35 Hlwe Al Yo 5lailpmbin Aol 53 o0l 6,158 Bu ,lufle U dS s i CxSe yio g
Ol Jlade (oS dxigy g EIS (gladgle )3 con igw Sl g (o i Ay 9 e (Soll ©f e oy (gl &
Tt 1y yad U

CABL 113 (sladigh Julo (S5 (659000 53,8 Ol e S GOIS SlR0 319

https://doi.org/10.22092/IDSER.2024.364605.1569  Email: fariborzabbasi@ymail.com : Jgiuwe 845,55
)



V5 =) axiao] VE ¥ ol AF 0L/ Y08 93] (a5 ()l Wb 05l witigee oligioes

Sble  Js Slkee Ve,

Ui 0 ol L pae (Mohammad-Vali-Samani, 2005)

See g S e
A 5 AY o 5 VYA 5 VYYD glo Lo 5 1, s5,5LaS
5 Grob el ools 5155 Jlo jo St o lle
l, ;948 pduasass ol (Nasseri et al., 2017) 1S
9990 p caSlayie 3)llie Vo F sgax Ol (D g, &
oF caSo o 3,Llio VO e ol 51 45 wilos S b5
Bl (63,5laS i o idee DY gaze wsi 6l
o=>> (Nasseri et al., 2018) | Ko g (5,0l 055 oo
2l Ghey a4 ]y 65sleS Gisu e (Bras o
5 =) DYgame Jily 0dgi ao o Ar 5 Ve Lyl
Jbo 5o aSayie o)Lk YV 5 PV 2l cudjar 2L
ilools 5,158

e sarls 5l (S s ol (b sosee
g Jyarme i 5l oolitel b a5 caul (6 Lol Cu ke
ormets a e Gty 5Ll O oo axlg Gl 4 oo
5 ol sl g sl osls Ygane oy Jpame e
ke pgas ;5 (Jy ese solinul (s, slale]
el Az o el Sglite o bylel gLl
Sl ez 4 by ye Lol @ aly Sas 4 O (5590 0
(Abbasi et al., 2017) ,Ken 5§ wbe .ol 5Ll
5,51 VYAE GAYAF la o gl |, o (50,40 prolie
S 2l 0 polie o, tssy Gal wilos S el
VY 1 o laassio 5 coSayie 5 0,55LS VYA b +/AF
O 5 sbie wlos S 05l aSo i p)SkS
el a5 Wl lis uoes (Abbasi et al., 2019)
oFD cd b gosme g,y ,5iS 50 Ol (500
2 eeSeyie p eSS Ve ghs ols Lo po 0 55LS
Jlo )0 oS o a5 6lS VD sgu> 4 YYAY Lo
SO PRV 2V

22l Bpas oyl ogas jo 4biS lo e

gy dle (gueds oy, b oojlaen (65,5laS isu

dodio

mdog 9 S Gble o £hoy ol plalS s
Ok g kel )l Ol mas (Stly le Sas
22,010 8905 el HlalS o1 5L el Boes by, 90
hal g osde kel Olz @il glap;
Gl cas a4 gy ol gspplas oy
Sl pass (Ahmadi et al., 2019; Tavakoli et al., 2021)
ouie VLI 50 (65)laS (i o (Bpae ol (Sl
Slo,giS )0 5 iSe ;5 ceSee Vee e s LA
Ol S 5o Syt WWee e B0 5l ol
s kel of (Lol Las (Shiklomanov, 2000) el suis
Sl Jlo 5o sioilen A Slaz (s b el
P S5l S bl Sl oliee g ol Jdo
5 e canliols 235 b 5 Slez VLo Bl el
ol 00 #8lg Sliddass g Sid glaslaie o ] S
5 =h5 olS (@l Al Sl a8 ses e L las sl
Sklee YYor sgas bl s L o6 S
Yeoog bl Goyb 5l ol oy Ve a8 canl caSo e
s Dile 4 Sedige el O Gob 5l ol wey
5 o] ceinS b sloo 5 ke e 5,LLe 1 OF -
Gran by 2y olalS Tk ol sle ol
.(Molden, 2007) 545 oo

5 olnl 5o wdlize glaisy ;o ol Grae Ll
ST e | sl G o jpaS S il
Dy e ooliiul (63,5leS S jo (Seein) s
5 el (olnl 55,08 o o (Brae ol e sl
ls,ad cwol oals )55 alie o gglee o)
wo b slaise o ol Gyae (Ghodratnema, 1998)
gt VEVY BAYEY claJlo 1o 1) (g5,5LaS 5 Conio
VA LYY Sboj a3kl po 1) s5)glaS Ade Spas s
Odloasge .ol 00,5 5155 ey Sy o Ll

Siy9liS Lisu 0 ol U yae (Movaheddanesh, 1994)



Ol 53 iz (LS O & pas Cy pise (SaSLS 32 (55950

Gl o Gle wpp ol (desjoes @ilguis
Sladgs g SlS p e jlae,s AD 5l i Y paze
Sy islsge Gy Gl slagliol jo ) jei8
25 e=hy Jad S kel Of pze Jpame o
b g glackd b Gl ol ady gl
y adg gble wsye Voo JBlas a5 wal bkl
oo bulpd 0 EL g £)l50 098 00l Al Jpazme
Galizee clacdl wo,bol Galizee gl b, 4o o5 00
W il S g bl O Sglie lacaa,s 5 S
b Sisl gl ol o 155 b )bl T oo
> Gl S ceal Sjge ;S A (g pSojlul pld
(9 sl 039y s8l5 b 10 jatane D90y g Lol O
Ol (o9 «Sigul ydgl olSws b pold 5l oolaul &yg0 4o
L )lel ol oz 5 g pSoslail ol); b 5o Cogi iz
0 3,0 ookl slacug dlaw g g ylel lej Ll
53 Jyame 1o 6l (b)) 0550 SREL 9 £)l50 Slas
a5l LT culas S wis bl gy agr cladad
s bl by, (Sarmad et al., 2001) sgi awnl )bl
o b ol s cnl Gl el sunaid
3 S eanSadys slagbin el g lagliwl &S oo 5
8 Al S o 5 i o550 GELL g)l5e g al S
Il S o T il sl o5 bS5 Slas s 5
s eolawl Jlo 98 ke 31 B sl 5 S0l
5 ol Ol a4 arg b SL GblS Gl s
o oo 80U o | gl o Sles a5 Fojle
ooliiul b los 1 5 eend Jlo V=Y o Shos 5 Silie
33115 00 51 i 750 b Botas bos Shee e .0
b Ysame slp Jpame 3 Shos )lge (S 50 00
b gl Jpame (98 Slaties 5l (duedd w5
4 azg b ab sl GPS L Jame j0 ooiS 5 s
Dolite Sl ) mhaw Jpaze j2 adgi lacdad 4S5

M}‘QJSJ«;& @)5 g—‘*i’Lw Lahkwﬁdi}?d)Qﬂ’"“b

ol yo Uz b g Comas 385 a5 Cewloads 8,91 oI Lo
Ol e (gl oo al)l 83,1 g slael o0 b 5l .l
pga> 5 g Sul Sglite )l (65,5laS i (Eras
Looyls a5y ooy 5o ksl ogr Cansyoli b sy
el Sl o 5l hids oMbl ggo9e Coonl S92
2 eaS g @bl o (£Loy (sl DY gaxe
ol slracacs 5l ojlsen g9090 (ul 5 Coned o yiws
e 5 00y 55iS Ol Cato plisasliy g oLt
-G8 olael 4y Wilgh oS jeiS o shagh IS A Sl
)9S 5o alise SYgame gkl OF e 0)by0 5
CoSpead 4 G S Wiy oo w0ed spiie
ol hol Baa wiSy (65,5laS 5 Ol L lasipe Vst
O 5o ol Copae slagasls mlr b)) Al
SYgame 6yll Ol w2 5 6550500 Joli) (55,9La8
Gosore Wlbe cnl o Cul (S 5 (£Log )
S o flyy Jgame YO cSJL:-.’T <! > 9 <l AV
Lol 0als Judow g 5 Soslal e 50 0 £Llg B g

G gy
bl o g e gl 50 09,08 & g0 Gudind ()l
@‘.L..a sleosls o |)_?| 6})514:5 UYS..MA J.Jj.a sl
@iz Jgammo YO o, Slee t5)L.'.-.’] u] N Jelis
ol o glackd o o 5 S 9 (SEL 2l
AN F e+ Sloj 53 o aely; b S 43 SV guaime
Sy Jlo 5o ol i) slale a2 (suSo3lsd
Jlo 50 5 OFAVAITAR) 5 Jlo 50 (OTAS-IYAF)
0o )lgs oy (ITAAVF-- 5 1FAS\TAY) (S
oo ( S 5 g o i) (L Jgaze
‘M srﬂ‘OLg ajé; ‘)L;‘ ‘Lo)> s)j.fﬂ s).*?u‘ 694).:.' £9-” 6&&
(SpAzS) e 9 S Jyare Py (GO



V5 =) axiao] VE ¥ ol AF 0L/ Y08 93] (a5 ()l Wb 05l witigee oligioes

L zols ol a8 )3 oy 7 cwodBl alols 5l alols b))

Collas Sl yad (gl o eols il el 3900 e,
:(Manly, 1994) a,5 5 solaiwl 5 ddal, 5l ladiss>
Ne [P
N2
o g colin slaasgs slaxs s asn g N ol jo a8

M

ol (£l g (85 Y garma
5 EL 00+ o asllas 5,90 OV gt (Egee (O
ol b Jyammem b el FYY g liwl T ae 5
alllas 3550 Slogl 5 )15 50 g L1000 ot
Sad oLl 659k gl 5 &)l50 (Jg 992 000 V0 390>
O Sgax aad idg |y olls o s 5l glos S b oS
loelos g 4520 50 b 9590 GBEL 9 £)l50 5lao)s
Sledbl (S diol Bl Sy sols lgie a5kl
s rSolil la el )y (ohn Sl s 839050 5 DY gas
SLIEV) Jgaz jo addllas 5,90 sl ¢ £)l50 j0 oo

ol 00l

Ot (oS 5 rhas 4y Connd) O (550,00 9 65k &
Lot S s do Jolo g & (231935 (sl 0
=55 o 50 (55,9laS sl &)l59 anl el 5l Y gamma
-0 5 -(Ahmadi et al., 2019) o zl Zewl Y YA9-1 YA
px> 4 Jpazme 8 Slee s 1 6kl O (38 59
& Jypazme 0 Slee o 5l Ol (659000 5 sokel o
dle (ge G5,b 9 6 kel ©f px> gaame) Ol x>
(SCS, 1972) & 5,513 SCS by, 4 e S,k
&1y olpl el (e 55 50 5l alisee S guame g 6 CuaS
o e 9y o LalBl wel o 5 zlAal VYRR L
o9 Cued yd Jpazme 8 Slee 0y Jol> 5l )L
Ot Slp d albe bl O ez i
0>) oon Syge sbpaly [l (Ses DY gazs
sladgs Juloo Jae 51 (ot 5 ol (59000 «sskel
by, ldes Julos (Manly, 1994) w05 eslird
30 0%ee sledlss b oy ,S s gl p G)Lo] o
O Aol Glie p SV gazme (Gaiog S slads ol
&l g ' 0)ls by, 5l s Jedod sl canla a3l

addllas 3,90 SBEL g9 £,130 50 8uwd (5 S 8;31851 (G yiolyly (B y O paadS 390 9 Y guadee 31 WD (B gy - Jgua”
Table 1: Some information about the crops and range of changes of some parameters measured in the
studied farms and gardens*
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Soil EC Irrig. Water Area Ellac,se axlllas 0,40 aslllas 05:)7;
(dS/m) Salinity (dS/m) (ha) No. Farm No. Town No. Province
2.34+2.04 1.47+2.10 4.,45+5.49 176 29 11 NS
Tomato
2.71+£1.65 1.42+0.92 3.31+5.39 190 22 9 Onion;L,
1.00+0.72 1.40+0.93 10.92+16.31 259 31 14 i
Potato
2.70+0.30 0.80+0.10 2.30+1.10 207 28 cucumber L=
3.11+1.91 1.92+1.47 8.45+11.11 138 17 Melon 5, ,>
s
2.64+1.90 1.41+1.03 10.32+12.68 156 29 9 S
Watermelon
"Dendogram 'Ward
"Euclidean
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2.67+2.04 1.78+1.69 20.69+39.64 241 26 12 Wheat pa:5
5.50+6.35 2.91+2.74 12.39+27.75 296 37 12 Barley o~
1.50+0.59 1.40+0.69 1.50£1.20 37 14 3 Rice &,
2.49+2.75 1.53+£1.51 8.83+12.47 267 33 13 Rapeseed ;15
3.09+1.89 1.40£1.50 14.90+32.80 301 36 12 Alfalfa axs,
2.00+1.80 1.50£1.10 10.00+11.00 104 19 8 sledsle 20
Fodder corn
6.46+4.67 3.99+2.52 9.20£11.87 121 18 7 Cotton 4
1.40+0.69 1.08+0.26 5.25+8.82 103 10 2 Soybeen Lsw
1.25+1.55 0.59+0.31 5.15+6.69 85 13 6 Beans L.,
1.40+1.11 0.84+0.68 10.29+£10.91 126 17 8 sy
Sugar beet
3.25+2.20 2.10£2.12 25.00+0.00 47 4 1 =
Sugar cane
2484273 137154 3.74+4.76 166 23 6 o]
Sunflower
7.3615.47 4.84+3.78 57.39+60.37 88 19 4 Pistachio at.,
6.41+6.28 2.77+2.11 8.44+20.38 126 20 7 Date L,>
3.52+2.35 2.77+2.11 1.95+1.68 132 15 6 A
Pomegranate
1.32+2.96 0.51£0.35 3.61+6.90 211 27 12 Walnut 4 5
1.42+0.70 0.74£0.40 1.17+1.08 123 9 5 Fig =l
1.52+0.95 1.07+0.95 3.52+9.40 164 23 10 Grape %!
1.17+0.93 0.56+0.29 4.8919.32 145 20 8 Apple o
1.62£1.05 0.71£0.37 1.63+1.83 177 17 8 Plum o1
2.75+1.68 1.44+0.75 3.03£3.60 212 15 4 Lemon 4.J
1.29+0.87 0.76+0.68 2.12+3.07 198 26 12 Cherry L5
Jol g slo
1.41%0.86 0.69+0.38 2.67+5.01 195 20 12 Peaches and
nectarines
by Js
1.55+0.80 0.830.45 7.13+16.32 264 17 6 Orange and
tangerine
3.48+3.38 2.70+1.96 18.39+£24.40 120 12 6 Olive ;o;
1.50+0.88 0.91+0.59 6.58+26.86 149 25 9 Almonds elsl,
2.58+1.60 1.88+1.56 1.17+2.93 126 6 2 Saffron ,ac;
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Fig. 1. Comparison of applied Irrigation water in different crops (columns of the same color are
statistically placed in same cluster)
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Extended Abstract

In terms of water consumption in different sectors, in Iran as in other countries, a significant part of
surface and groundwater resources is used in agricultural sector. For the amount of water consumed in Iran's
agricultural sector, different numbers have been reported in various sources. In the past three decades, water
consumption in agricultural sector in various sources and methods has been reported between 44 and 86
billion cubic meters (Movaheddanesh, 1994; Ghodratnema, 1998; Mohammad-Vali-Samani, 2005; Nasseri
et al., 2017; 2018). The physical water productivity is also one of the important indicators of irrigation
management, which is determined by using the amount of product produced per unit of applied irrigation
water. Abbasi et al. (2017) estimated and analyzed water productivity values in Iran for different years. They
estimated the values of water productivity varying from 0.94 to 1.29 kg/m? and average being 1.07 kg/m?.
Abbasi et al. (2019) also showed that water productivity index in Iran had an upward trend with a slope of
0.045 kg per year. It varied from 1.0 kg/m? in 2008 to about 1.45 kg/m? in 2017. Past researches regarding
the estimation of water consumption in agricultural sector have been reported with estimation methods such
as water balance method, which was not accurate and was associated with errors. On the other hand, the
figures presented for the amount of water consumed in agricultural sector are very different and there are
doubts about their accuracy. Despite the importance of the issue, accurate information on the amount of
irrigation water for agricultural crops in different regions of Iran is not available and this issue has always
been one of the main concerns of the water industry managers and planners. Therefore, carrying out a research
work that leads to more accurate numbers about the amount of applied irrigation water for different crops,
can be of great help to the decision-making of officials related to water and agriculture. The main goal of this
article is a comprehensive evaluation of water management indicators in agricultural sector (including the
water productivity and applied irrigation water for different crops).

Methodology

Field measurements including applied irrigation water and crop yield were carried out for at least one
cropping season in the production hubs of each crop. Twelve crops included 12 wheat, rice, barley, fodder
corn, alfalfa, sugar beet, sugar cane, beans, sunflower, cotton, rapeseed, and soybean, 17 garden crops
included saffron, apple, olive, orange, tangerine, peach, nectarine, plum, lemon, fig, grape, date,
pomegranate, walnut, almond, pistachio, and cherry and 6 vegetable and summer crops were tomato,
watermelon, potato, cucumber, melon, and onion. These crops covered more than 85% of the cultivated area
and irrigated lands in different provinces. For each crop, applied irrigation water was measured in a crop
season and the yield for one year or the average of two years, but for garden plants, due to climate changes
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and frost damages, the average yield of 1-3 years was determined and used in the analysis. Physical water
productivity of irrigation water from the ratio of crop yield to applied irrigation water and water productivity
from the ratio of crop yield to water (total volume of irrigation water and effective precipitation) and gross
income per unit of applied irrigation water was calculated from the product of crop yield in the sales price
divided by the applied irrigation water. In this research, the cluster analysis model was used to determine the
homogeneous crops.

Results and Discussion

The results showed that applied irrigation water for different crops varied from 3984 for rapeseed to 32500
cubic meters per hectare for sugarcane. So that the weighted average applied irrigation water of 35 studied
crops was determined to be 8032 cubic meters per hectare.
This index was 9162, 7669 and 7247 cubic meters per hectare for garden, agricultural, vegetable and summer
crops, respectively. Also, the total applied water used for the 35 studied crops was estimated at 61.7 billion
cubic meters and the total irrigation water for other crops that were not evaluated in this research was
estimated at 9.4 billion cubic meters. The total water used in irrigated crops was estimated at 71 billion cubic
meters, which was about 70% of the total renewable water in Iran. The weighted average of irrigation water
productivity and water productivity of the studied crops was determined as 1.9 and 1.5 kg/m?, respectively.
Saffron and pistachio provided the highest gross income per unit of irrigation water and sugarcane, soybean,
barley, fodder corn, wheat and alfalfa had the lowest values.

Conclusions
The results of this research provided valuable information for managers and decision makers in different
provinces of Iran.

Keywords: Applied irrigation water, physical productivity, cluster analysis, gross income

\te



