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The Effect of Adoption of Deficit Irrigation
Pattern in Farm Level in Ardalan Plain with
Emphasis on Water Resources Management
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Abstract

The correct application of deficit irrigation requires thorough
understanding of the yield response to water (crop sensitivity
to drought stress) and the economic impact of reductions in
yield of products. In regions where water resources are
restrictive, it can be more profitable for farmers to maximize
crop water productivity instead of maximizing the harvest per
unit land. Therefore, in the present study the effect of adoption
of Clarke's deficit irrigation was evaluated in farms-level in
Ardalan plain with emphasis on water resources management.
This case were applied using a spatial-aggregation positive
mathematical programming (SA-PMP) model and the
questionnaire data related to year 2019-2020. After calibration
of proposed modeling system in GAMS software, the effects
of Clarke deficit irrigation in 5 and 10 percent levels on
optimum cropping pattern, consumable water resources and
farmers' gross margin were evaluated. The results showed that
there is a significant difference between farmers' paid water
charges (547 Rials) and economic value of irrigation water
(1348 Rials) in Ardalan plain which leads farmers to consider
water as a free input and its over-consumption in crop lands.
Also, applying the deficit irrigation method leads to a saving
of 5.01 to 9.78 percent in irrigation water for only a slight
decrease in yield of selected products (from 0.88 to 5.72
percent) and in farmers’ gross margin (from 3.15 to 7.07
percent). More stretchability of water demand in small farm
(ewater= 0.573) and increasing the economic value of water
from 3.9 to 8.9 percent compared to the base year condition are
another consequence of application of deficit irrigation in
representative farms pattern. Finally, for a sustainable
management of water resources in Ardalan plain it is
recommended to use deficit irrigation method at low levels (5
and 10 percent) especially in large farms, to apply the policy
program of equality consideration (in order to reduce the gap
between the water price and the economic value of water), to
modify the pricing system to differentiate the price of water for
small, medium and large farms.

Keywords: Deficit Irrigation, Clarke's Pattern, Economic
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Table 1- Sample distribution, number of farmers in each group and the acrage of representative farmer in
Ardalan plain
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Farmers’ scale

Components under consideration : Total
Small Medium Large
Percentage of total farmers 49/05 36/19 14/76 100
Number of samples in each group 103/0 76/0 13/0 210
Farms size of sample farmer (ha) 4/56 10/8 17/2 -

Table 2- Characteristics of exploiting farmers in the studied samples in Ardalan plain
30 3390 SBdiged 45 I3 000 e l5 S S 29 Y Jg

Farmers’ scale

Examined variables Survey level

Small Medium Large

Age Less than 30 years 24/0 28/2 25/3

(Percentage) To 47 years 30 35/3 30/7 3212

More than 47 years 40/7 41/1 42/5

Work experience Less than 8 years 29/5 3217 28/2

(Percentage) To 8 years 15 23/3 23/4 2412

More than 15 years 4712 43/9 4716

Illiterate 32/4 27/9 33/4

Education level I_Elementary 27/2 30/3 25/2

(Percentage) Primary School 21/6 26/8 22/5

High School Diploma 11/3 8/60 10/2

Higher Education 7/50 6/40 8/70
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Table 3- Percentage of using conventional full and dificit irrigation methods in Ardalan plain
OYd )l cws £y 0l T )3 (5 HWleS 9 Sl (5l sy, (635 A w0 yd Y Jgu

Farmers’ scale

L Conventional methods of
irrigation method deficit irrigation Small  Medium Large Avarage
Traditional flooding method 53/2 5716 50/9 53/9
Full irrigation Water and stack method 30/9 24/8 28/1 28/0
Traditional Cretan method 12/1 10/2 8/06 10/1
Dificit irrigation Traditional deficit irrigation method 3/80 5/23 8/20 5/74
Modern deficit irrigation method 0/00 2/17 4/74 2/30
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Table 4- Comparison of water economic value with farmers' paid water price in Ardalan plain (Rials/m?)
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Exoloiters or farmers arou Farmers' paid Water Percentage of
P group water price economic value payment
Small scale farms representative 485 1074 45/1
Medium scale farms representative 540 1329 40/6
Large scale farms representative 615 1643 37/4
Average of representative groups 547 1348 40/5
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Table 5- Changes in selected products yield in Ardalan plain under dificit irrigation
SolleS Jlas! bagl g 15 ¥5,] Culdd Coin WY guasxo 5 ySos Ol pudi —0 Jgu>

Operation Irrigation Yield of selected products (kg/ha)
- Changes

levels scenario Wheat Barley Alfalfa Tomato Melon  Sunflower
Fullirrigation ~ Amount 4345 4092 11448 37419 41870 2087
Small scale 5% dificit Amount 4298 4053 11178 36278 40673 2043
farms irrigation Percent -1/08 -0/95 -2/36 -3/04 -2/85 -2/10
representative  10% dificit Amount 4255 4037 10978 35278 40023 2008
irrigation Percent -2/07 -1/34 -4/11 -5/72 -4/41 -3/78
Full irrigation Amount 4350 4087 11460 37820 42550 2125
Medium scale 5% dificit Amount 4240 4043 11157 36884 41238 2078
farms Irrigation Percent  -1/15  -0/88  -2/64 2147 -3/08 -2/21
representative 4 noe gificit Amount 4257 4038 10970 36219 40272 2038
irrigation Percent -2/13 -1/19 -4/28 -4/23 -5/35 -4/09
Full irrigation Amount 4382 4108 11412 38140 42531 2281
Large scale 5% dificit Amount 4320 4063 11100 37120 41271 2225
farms irrigation Percent ~ -1/41  -1/09  -2/73 -2/67  -2/96 -2/46
representative 10% dificit Amount 4280 4039 10910 36320 40384 2188
irrigation Percent -2/33  -1/67 -4/39 -A177 -5/04 -4/07
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Table 6- Changes in the acrage of selected products in Ardalan plain under dificit irrigation
SoblaS Jlost byl 45 ¥5,l Cudd (£1)5 oo Ol gasme CuiS p 5 gbaw Ol pudd —F Jgu>

Operation Irrigation Changes Acrage of selected products (ha)

levels scenario Wheat  Barley Alfalfa  Tomato Melon  Sunflower

Full irrigation ~ Amount 1/74 0/96 0/71 0/50 0/43 0/22

Small scale 5% dificit Amount 1/69 0/942 0/681 0/474 0/412 0/213

farms irrigation Percent -2/37 -1/84 -4/07 -5/12 -4/18 -3/19

representative 10% Dificit Amount 1/65 0/926 0/654 0/454 0/392 0/207

irrigation Percent -5/19  -3/564 -7/55 -9/14 -8/73 -5/81

Full irrigation ~ Amount 3/46 2/15 1/74 1/31 1/22 0/92

Medium scale 5% dificit Amount 3/38 2/11 1/66 1/25 1/17 0/89

farms irrigation Percent ~ -2/20  -1/66  -4/37 -4/88  -4/33 -3/46

representative 1504 gificit ~ Amount  3/29  2/08  1/60 119 112 0/86

irrigation Percent -4/96 -3/28 -7/68 -8/95 -8/61 -6/03

Full irrigation ~ Amount 6/37 3/92 2/80 1/53 1/38 1/20

Large scale 5% dificit Amount 6/20 3/84 2167 1/45 1/32 1/16

farms - irrigation Percent ~ -2/52  -2/03  -4/813  -5/23  -4/08 -3/70

representative 1094 dificit ~ Amount  6/02  3/75 2157 1/38 1/26 112

irrigation Percent -5/40 -4/11 -8/09 -9/42 -8/54 -6/33
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Table 7- Changes in water consumption, farmers' gross profit and economic value of water under deficit
irrigation
Sl bl pnd Jlosl 51 uny S (53Ul (155,19 (31509LS (512 AIBL 2351 ¢ 8 e O (a0 Ol - Jgo

Scenarios under consideration

Operation Components under Base year Chanaes - A

levels consideration values” g Dificit Dificit irrigation
irrigation 5% 10%
Total water consuryption in the 24779 Amount 22354 22717
Small scale pattern Percent -9/78 -8/32
farms Total gross retlﬂn of the 83/92 Amount 77198 80/41
representative pattern Percent -7/07 -4/19
Economic value of irrigation 1074 Amount 1162 1131
water™” Percent 8/21 5/30
Total water consumption in the 60483 Amount 56676 57358
Medium scale pattern Percent -6/29 -5/17
farms Total gross return of the 204/3 Amount 191/9 197/3
representative pattern Percent -6/11 -3/42
Economic value of irrigation 1329 Amount 1404 1372
water Percent 5/63 3/27
Total water consumption in the 92885 Amount 87228 88240
Large scale pattern Percent -6/09 -5/01
farms Total gross return of the 313/8 Amount 295/4 303/9
representative pattern Percent -5/83 -3/15
Economic value of irrigation 1643 Amount 1733 1694
water Percent 5/47 3/09

E T

“and ™

respectively in terms of cubic meters, million Rials and Rials per cubic meter
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Table 8- Price elasticity of demand for irrigation water input at representative
farms for different exploiting classes

10590 3 Blisee (SW0g,5 suigled &30 gbaw 43 (6l O 23S (LW  owd (Wil -A Joua

Water Water value Ratio Ratio Water demand
Farm size consumption difference Ax to Ap plto x1 elasticity
difference (Ax) (Ax) (Ax/ Ap) (p1/x1) (ew)
Small farm 363 -31 11/7 0/049 0/573
Medium farm 682 -32 21/3 0/024 0/512
Large farm 1012 -39 25/9 0/019 0/493
o 1171 A
E
% 1164 1162, 22354
— o,
e
w1157 A
3
©
= 1150 -
S
S 1143 A
g
L2 1136 - 1131, 22717
£ y=-0/0842x +3040/8 e .
g 1129 1 R2 = 0/920
L
1122 T T T T T T
22310 22380 22450 22520 22590 22660 22730

Available water volume (milion m3)

Fig. 3- Irrigation water demand function of the small scale farms representative in Ardalan plain
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Fig. 4- Irrigation water demand function of the medium scale farms representative in Ardalan plain

1739 +
1732 4
1725 4
1718 -
1711 -

.1733, 22354

1704 -

1697 - y = -0/0386x +5103/2
R2 =0/997

1694, 22717

1690 -

Economic value of water (Rials/m3)

1683 T T T T T T T
87120 87270 87420 87570 87720 87870 88020 88170

Available water volume (milion m3)

Fig. 5- Irrigation water demand function of the large scale farms representative in Ardalan plain

YFe) 5l o 2 lond (e Jw oyl pl ©f galio Clidos
Volume 18, No. 3, Fall 2022 (IR-WRR)
\\rg



linlsS el ol Lol @b 29500 aly Jlo bulpd & s
Sz g bugie glie 4 s oS glie gaw » g
gl o)l Cued balpd 3 bos ) ljyelaS IVl 5y ytutS
Al 513,58 52 65Vl Sl Sl ool ol sl GRIB 5
o ol i Gadiss ol g edel Cand 4 @l (IS yeb
A pfoids oy Vo b gk )3 ileleS gy 65,8
b Yol ey ljylissS alBb edjl a8 Swl sl
Sl alio Jl 3b5 o2 (grabpe 4 i (358 polio L Gillas)
b by ol Jlesl 900 (398 polie b Billas) didlate o ptod >
asuin a3l o)l O o3laiBl 35l 9y p o Sl
5 455 o sl 5T celbeygd b o bt (6 )i unsd e 5 |,
oYl s ol wle ey jun jl wlo (o IS cuasd pllai Z Mol L
29 b omb o 2 leleS Uog) 6x5 B4 Caled 3 25
hran Ol Gl 5 SV g CuiS 5 aw 55) 5 S Sl 4
4 Dlg¥ o gy oyl 3l g atsly olall 4 g b Yl cubs 4o
gl 5l il 5 ol car b Ko, S s
1 g 48,8 IS 4 Vo)l cudd Slllles odga0me )3 (g559LiS
e adlllae 3590 dibate (el (LS aw )3 gy nl Sl e3li]
P splp Mo ol asby (pglb D9de duog Ll
M| alols 5lS 4y i ccsyll O (oolaidl byl g
cusd ol ool (Adly 5yl g (b sl e sl
2 ol 2sec0 Bpas g ol ol (S Gl G, 5l g 00 )
o Mol syl Jos & (oSl o) (ool o
Coa o diwe) onl 0 (eelel Al (gl g IS
sl lime Slo! Eio panass 5 lal Of Cuad (53l SSis
3 JBaly 555 3e Cuds 53 S g bawgie «SasS o e
Sl S8 Ol mlie gol g 4)lSy Sy o @ Kl o oS ol
O aS ol L ol suiss claadl (569 3)lge p 958l ke
2 $559U8 o Y g Mg (lp (y908 lodles sl
o S sl Jlosl b g ol Yoyl s slolllas dilaie
5 Cuto Sy O Bpmo Jlde 3 plgice dil) ol o eid
b SIS LS 5 e 1S ) b 48 2ga3 sl |y (6,350
A8 o 3l sl lginge ol psliS &S illie 005 olox]
G )l (5l Ol ooy 48" (ol ABly b (oLl 35
Y gz 3 )Sos g Cui § o 4l 4 g L (ppipen 13,5
Y gamo ade olie bl ol GllpS Jlasl S
Slgi oo g0 (nl &5 A8 algd (Ll Sy jlod 55 e
29395 Gl slooygd (o il o iV ganme cod (il o

Shirvanian et oliiss glaadly b G0 ol gols ( IS job
Shahrokhnia and 4 Parhizkari et al. (2015) al. (2015)
93 Sladss (gl sl guen Hoi8” 31 ;> Rahimi (2017)
el Jl (B g SVpame 38lee 1) lleS Sl
28 & 29 o] Sy @l w008 byl o e 5 (g5l
i grdbpo & prie Cilite sk ) SleleS L)
@ el b 30 (pl gold oimen A (65)9liS Ol Bpuae
Patane et [English and Raja (1997) wladss )3 osel cawd
y9iS 3l z)15 » Graveline and Merel (2014) 4 al. (2011)
O3 Sl e Slisdisg 1 osel Cuwd 4 slaasl ol ol
Silodias slp )0l Gl 4 sylleS bg 5l ealisul o ol
oialS 4 e & a2 ST «5iyslaS iy 0 pae o gl
Sl ool b8 iol38l bl g o WY game 3 Sdas ;3 (g5l
Clides sbabl ool g g9l 2l Jls 4 3] aw 5 1,
&)l5e g 1> S)lelnS U9y (55 54 48 ol L )She 218
5sMS LAID 25 1 50 anl oS a0 5T L, oy
ool J50l) G lgie 4 g 3,15 (oolamdl a5 Lol 03yl oo D935 4
B odlitel 3)0 g5 o > Ol edles adjl I3l can

DS

Waloinday 9 55 4 —F
el o ol Sl &l ol (LS ol s ol
Sy &oll o oolasl a5, b Yoyl sy olj0las sy
oo o (B GO L g (g B3] 5 Sl sl nl g 2
wils (g 3 (=hj ol daw 2 )y ol gy edlal 5 O
o > okl U39y Jlosl &S b (L5 gl piman 3L
Cubd oo WY guase 408 5 Slas ials &4 oo dopd Ve 50
&g pS lale SV game o ol g bl @gd e oY)
S ol ¥ game 05 4 Cuns |y g omly 3 Mes ials
>Sles als byl (s, 50b8] ¢ wilgain ¢ 55 9465 dig)
chw o Ve g 0 e b cos et C¥gaxe
el o9 51 ol o &8 aalyd) ly Jls & o ol S 5
P @sradpo 4 prie ol cpl b oo (28I (395 00 0dlitul JolS
MYEe G YYYDF) aoyd AUVA B 0/+) lise & O Gpas
VY B YN e ds olyslis” (el sl Lials (| oo o
O oobasl o5l il g (JUy osakee YA B YY/AA) s )
P (ceSoyio > Juy VAAF BAVSY) aopd AIVY B Y/0R 500 &
(5332 9 Lawsie Sas8 £30) Yo €5 (oo cslos

YFe) 5l o 2 lond (e Jw oyl pl ©f galio Clidos
Volume 18, No. 3, Fall 2022 (IR-WRR)

Wy



Cot Hlomen ble jl 1) cotie CYguame @ldyly o5 Colys
sy Jlosl Gl oo 5 gy cnl 51w 8 55
GBI B 2 cales g cotie SV game Cud p s)leleS
Car @ g § Feose g ol Sbly olie 5 OY gane
cslodloiiey (938l Bl dose nl 5o ol Sy S liios
SWls adate )3 b5 & S98 bulpd > &Sl 4 a2 b (3
ol bl 5l ol 8D oS bl bl )5 oSl (Yol e
JB 53 nBobl (aie 9w 4 0X9dNI08 (e | g 0ad )15
wolazdl o35yl b clln Cuosd porao oS 31 g ] ot
sobaie & 9335 gBly adllas g 45T 390 s3SI i s)lel &
ol @l 51 LI olsyope sliwly 1 goop,lS ouls i
O B 298 Jlosl Cliseo ()l oyt sl Ceod (anass Cansles
$3pgliS Ll 3 ol el 1 sl g edlital 1
DA Sl (65 4 LS )3 2580 Sy S ©j90
loog)S o o wlio (iloatn 0 2505, K plgis 4 Cuad
o))y s 3,3 Mie) ol 51 (36 Sl o615 o 00 Cilisre
adg b oS Cud b SoS b LSl gl o Sl s 4,

35 Bly oy 3590 o Sebmgy b ST Slalllas 55 (395

1- Deficit Irrigation

2- Water Bank

3- Ordinary Least Squares

4- Non-Liner Programming

5- Positive Mathemathical Programming

6- Clark's Deficit Irrigation Pattern

7- Spatial Aggregation-Positive Mathematical
Programming

8- Normative Mathematical Programming

9- General Algebraic Modeling System

10- Statistical Package for the Social Science
11- Food and Agriculture Organization

12- CropWat
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