1947

UNIVERSITY OF TABRIZ

Journal of
Hydraulics and Water Science

Online ISSN: 3092-6114
Journal homepage: https://hws.tabrizu.ac.ir/

Original Article

Analysis of Water Productivity in Potato Cultivation and
Evaluation of Optimal Irrigation Management Scenarios in

Zanjan Province
Hassan Ojaghlou!, Mohammad Ghorbanian?, Mohammad Babaakbari?

1-Associate Professor, Department of Water Science and Engineering, Faculty of Agriculture, University of Zanjan,

Zanjan, Iran.

2-Ph.D. Candidate, Department of Irrigation & Reclamation Engineering, College of Agriculture & Natural Resources,
University of Tehran, Karaj, Iran.
3-Associate Professor, Department of Soil Science and Engineering, Faculty of Agriculture, University of Zanjan,

Zanjan, Iran.

Received:2026-04-13
Revised:2026-06-08

Accepted:2026-09-22
Published online:2026-09-21

* Corresponding author: ojaghlou@znu.ac.ir

ARTICLE INFO

ABSTRACT

Keywords:
Application efficiency,
Improvement,
Irrigation scheduling,
Potato,

Water productivity,

Zanjan.

Introduction

A considerable portion of Iran is situated within arid and semi-arid climatic zones, receiving an average
annual precipitation of roughly 250 mm—approximately one-third of the global mean. Much of this rainfall
occurs outside the primary agricultural growing periods, creating substantial challenges for the agricultural
sector, which accounts for more than 90% of the nation’s total water consumption. In recent years, limited
water availability has intensified difficulties in meeting agricultural demands. Addressing this scarcity
necessitates the optimal and efficient use of existing water resources, particularly in farming. Enhancing
water use efficiency requires systematic monitoring of farm-level productivity and the implementation of
practical, site-specific measures that can be readily adopted by farmers. Zanjan Province, similar to many
regions across Iran, has recently experienced severe drought and declining water availability, with
groundwater levels dropping sharply due to excessive withdrawal and insufficient recharge. Given that
potatoes are both highly water-demanding and widely cultivated in the region, a detailed evaluation of water
use efficiency is essential for introducing effective improvement strategies. Accordingly, this study
assessed key indicators of water productivity on potato farms located in the plains of Zanjan, Soltanieh, and
Khodabandeh. In the subsequent phase, simple and practicable solutions—such as irrigation management
techniques were proposed and implemented to enhance water use efficiency on the studied farms.

Materials and Methods

Zanjan Province, located in northwestern Iran, covers approximately 22,164 km? and is classified as a
semi-arid region according to the Demarton climate classification system. The province experiences an
average annual temperature ranging between 9 °C and 17 °C and receives about 303 mm of precipitation
per year. Among the main irrigated crops cultivated in Zanjan province, potatoes occupy a prominent
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position, with an estimated cultivation area of 6,544 ha in terms of both farmed area and production. In the
phase 1, 12 potato farms were randomly selected across the province to ensure adequate spatial distribution.
The majority of potato farms in Zanjan employ sprinkler irrigation systems, while a smaller proportion
utilize surface or drip methods. Accordingly, eleven of the selected experimental farms used sprinkler
irrigation, and one applied a drip irrigation system. During the phase 2, improvement strategies were
implemented on two of the selected farms. Each farm was divided into two units: one operated by the farmer
practices (representing real farm conditions) and the other managed under improved conditions
(representing controlled farm conditions). The principal improvement involved implementing an irrigation
scheduling plan tailored to the actual water requirements of the crop. Key productivity indicators including
seasonal water consumption, crop yield, and relevant economic parameters were collected. Subsequently,
water productivity indices such as AE, CPD, BPD and NBPD were determined to evaluate the effectiveness
of the applied agronomic practices.

Results and Discussion

The mean water consumption among the potato farms was calculated 10,392 m?>ha™'. The net irrigation
water requirements of potato are 7,120 m*. ha™' in the Zanjan—Soltaniyeh plain and 6,530 m*. ha™! in the
Khodabandeh (Gheydar) plain; thus, all farms exceeded the prescribed water requirement. The average
application efficiency across the farms was 67.2%. The farm using a drip irrigation system achieved an
efficiency of 79%, approximately 13 percentage points higher than the mean efficiency of sprinkler systems
(66%). Potato yields ranged from 29.1 to 60.6 t ha™!, with an average yield of 40.95 t ha™'. Evaluation of the
yield—water use relationship indicated that the optimal water consumption range for attaining a desirable
yield of about 40 t ha™' lies between 9,000 and 10,500 m?® ha™'. Net benefit varied widely among farms, from
175 to 664 million rials per hectare, with an average of 338 million rials per hectare. In the second phase,
irrigation performance and both physical and economic productivity were examined under conventional
farmer management and improved (controlled) treatments. A deficit-irrigation strategy was implemented
by reducing seasonal irrigation water depths by 15-20%. Under controlled conditions, deficit irrigation
resulted in water savings of 19% and 17% on farms 201 and 202, respectively, relative to their
corresponding farmer-managed plots. The CPD index for the study farms ranged from 2.25 to 6.91 kg m™3,
with an average of 4.10 kg m™. Implementing the revised irrigation schedule increased CPD values by
17.1% and 22.5% for farms 201 and 202, respectively, compared with their existing conditions. Similarly,
the BPD index increased by 16.9% and 22.6% in the controlled plots due to reduced water consumption. A
statistically significant difference at the 1% level was detected between controlled plots and conventional
farm practices, confirming the effectiveness of the improved irrigation program in reducing water losses.

Conclusions

Based on field experiments data, a consistent pattern of over-irrigation was observed, with water application
exceeding crop requirements at various growth stages. This excessive irrigation negatively affected both
the physical and economic dimensions of water productivity. Key contributing factors to this problem were
identified as: a deficiency in farmers’ knowledge of crop water demands and irrigation scheduling
principles; the adherence to conventional, fixed irrigation schedules rooted in traditional practices;
insufficient regulatory oversight concerning the optimal and legal extraction of groundwater resources; a
strong inclination to fully utilize allocated water rights; and consequently, a diminished incentive for
adopting water-efficient irrigation methodologies. The second phase of the study demonstrated that
optimizing irrigation programming and employing controlled deficit irrigation strategies on experimental
farms significantly reduces water consumption while simultaneously improving physical and economic
productivity indices.
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Figure 1. Location of the experimental farms in Zanjan
Province (Zanjan, Soltaniyeh and Khodabandeh plains)

OS2 OV colins ggame b (lasy Olws 0 50 4250 )l

ez 5 )Se YPIF ol b agilhalw (Lot p0 as )50 o
loaisxdly S YN Y Eorlue b odilas i g 4o 4e, 50
Ele i (6,503l GPS olfiws losliul b g)l50 colas
Slass g SedS” Sk o9, b Baes ol (bl )3 (e o

6)1"‘""6)‘9‘&5“’}"49[’jg-q?“'a—“")“‘la"uu"’ﬁ))’l_‘“’b)‘”@s

(Molaei et al., oo 5,155 5,15 slo,kad (5,lul o,Slae
9 9,Skes ¢ 8, as Ol o> Joleini et al. (2022) 2015)
bl B bl o 1) (s Jgmame O B ras (5590 2
3 Ban ol pam Sl d0ls 1B (s 2 8590 S92,
Ol (LS jo xS 20) VVAAD pl s (il g5
Sras 55900 OSle 5 (LS )3 p,56LS) T 1A% 5 Slee
Db )35 (caSa e 40 0,5l S) YIFY ol O
9 S (590 4 slo L Baghbanyan et al. (2020)
3 BPD (CPD) oy Jy—ame ol B, as golaidl
DIFY i &y liass S oyl 3ias ylies g 4o |, (NBPD
(caSoyie p JU) VIV g TR e d(caS e 0 )56LS)
L |, slaslllas Mastalizadeh et al. (2020) .oisges o,l55
LS il pl)l 5 (6Ll iz glabg, I ) Buan
b jles isls plosil (on s Jpamme Of Brae 650500 2
2 S 9kS) BAY (590 00 b anlw 03, 5 5L 5,Lal U3,
Saso e At B I e (e Olyeas (GoeSa e

sl laasg> 351 0 Ol agueS ol 2w £985 4 4255 L

5 ol @l g e 09,00k ol ddge alex 5l 5508
So A 6l i )3 eg—ata B)las ilwainge
b, Sal) 4l g 05250 oy (o2 W cesloads Joad &9 ,0
P3a &y 5 65,3k i 50 ol B puas Sy e jslae 4,
OT-E R DY PN SO NPVIWISOL =S ST [ NPT
2 s wslabis g 3 e &g |y Slallhs boges rty
Capde (slal Capas wsylal Ghy, pula alisie slojlews
B E95 5 (995 9 o iliie ola s (6 5,5 4) (sl
Sl B—an 9050 9 9,8es (s Suo b oalS iz
ol g asdlas Jb ol b aslosls plowl cos jouw—w Jo—amme
g ysedy bl G Gl glacils lide o Sl
S Dl njo Jg—aze O B as (5550 0
slo)Sal, gl g )l ol o I8 31 Jalse s (5590 50
Sloze S OleMbl b gl saiges Cales )0 9 Soe
S Pl Condy GOl agh ;o Sy e Sl 4 (5590
o b o @ly e &)l p0 ol B e 550 0
o Gl lesy Gl o @Bl utlaz g allal s (il
b as g ool sl Sal) (gudizxi 090 al o )0 g
2 2l Gy (555050 95m yshate 4 (5 lnl e L
s, Saly obs,l g asdlas ol |zly @l ool ol ¢)l5e
90 L) Boa b )bl capas b eslw ol
OB a0 o bg oot 8 g (slae e wliiie y3 Of By
2l oo gty (Slae il S sy Gl Dyt
Lol 48,5 )18 lilis azgi 990 Sgame (L D50 AT



Sorte sl o)y o3l 5 e ol Bran (550 40

e 5 (i ali> 4 4z g5 Loy Jpame oaly o L5 L
kol 5,5liS (sl 4550 )0 Ol Cupe (5951 w48 B j5kiie 4y
Capds Jlasl cqe Gollas sl )l laicas o Lol cel s olass
@ azg b 500 (G jlad 0038 oad 508 lakd s (s L]
Jola o 50 g)l5e S olianb 5 (So5d oy s 1l
@eyio S glerd Sloguas b conline 355 4ol gy
e 590 &)l50 a4y bogs e SleMbl (V) 5 (V) Jgloz ;o .0l Jles!
sloally 55 (F) 5 () Jlaz jo 5 aslllas p93 5 Jol slojlé ;o
5 Gl oas @l asdllas 0 y50 £ )l50 S g Ol wlie 25 9 oS
Geiod pgd 58 50 00l Jles! Lg)l,,.ﬂ 4ol Slaas e (B) Jouo

Cawloas &l

5 St g5 3l sales ae )50 1) o okl (g, ol g e
3,50 &)l 03 )l loykd )bl g5 5l ashe S po L
cilitee pl5,| EtS xS g o0 bl chlie (slimug, VY o aslllas
S @y Cale) SLts godg0 (nl 45 wBl o (Ssj—
o Gaiod )3 gl (e g (Soid sla Shs £ 9 cslie
308 S3ste 5l Sl (52 jshate 4 dnlllne pgo al> e el
@S 2yl ool 358 el ol o 0 el DT B e
900 Szl 5 Jgazme 5 Slos b )Sal) sl 5l ol
p9d Jlow )3 Stiie 4250 90 sl (POol sla)lSal ) 09y By
S oads bl de e 5l s i Colie 090 )8 Jlegl 2l 5
CoS g2 atine o g (48 )50 (oaBly Ll 2) 5)5LAS Cy poe
I 15 (et S (glie o Ll 5) ooy (sla Sl JLac!
il g 0l (9 (5l delipy ol (Mol Sal (s iage

(addlae Jgl 38) (oo & 5130 Claslio =) Jgux
Table 1. Characteristics of the Potato farms- phase 1

R $3959 2 ;
ac e S aglaio ol CoxBge 3 kel Uby
Syl £ (LSa) ~) (s s sl = 009y
Farm Name of Location Area - Inflow rate Irrigation
Code location (ha) Cultivar (lits™) method
101 Nimavar (292557, 4048760) 0.94 Bamba 10.1 Sprinkler
102 Kheirabad (303203, 4046664) 1.21 Agria 36.0 Sprinkler
103 Dizajabad (290402, 4052980) 0.86 Milva 15.8 Sprinkler
104 Nimavar (291074, 4045190) 2.28 Jily-Boron 25.0 Sprinkler
105 Soltanieh (304810, 4033350) 5.78 Agria 26.6 Sprinkler
106 Soltaniech (304389, 4031920) 11.4 Agria (SE-E) 16.8 Sprinkler
107 Soltanieh (304519, 4031530) 12.7 Agria (E) 8.4 Trickle-Tape
108 Soltanieh (302301, 4036770) 6.72 Agria (SE-E) 13.4 Sprinkler
109 Nazargholi (291449, 4004400) 3.52 Bamba-Jily 10.2 Sprinkler
110 Gavandareh (286456, 4005750) 1.51 Bamba 14.4 Sprinkler
111 Topghareh (302468, 4005416) 19.2 Jily 27.9 Sprinkler
112 Aliabad (296408, 3989470) 0.94 Bamba 24.0 Sprinkler
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Table 2. Characteristics of the Potato farms- phase 2
S $099 & : .
ac 50 oS Lwg, pb S § s kel ilol g9
83 9) 3 (LSa) ) (@b 5 ) PSS ool &Y
Farm . Location Area . Inflow rate Irrigation Sprinkler
Code Name of village (ha) Cultivar (it s mothod Type
201 Soltanieh (305387, 4033291) 4.20 Agria 26.0 Sprinkler Komet
202 Soltanieh (304728, 4033298) 3.02 Agria 26.0 Sprinkler Ambo
b Gl (o s 5150 O @il (S Slasieo - Jgu
Table 3. Qualitative characteristics of water resources in monitored potato farms
305 Gyph el e el e Sl clySe S moe ode e
Farm E.C PH Na* Ca™ Mg™ cl s04- Hco3--  CO3~ SAR
Code mics cm’! meq I”! meq 1! meq I”! meq 1! meq 1! meq 1! meq 1! o
101 526 7.46 1.55 2.60 0.95 0.58 1.20 3.40 0.00 1.16
102 423 1.55 122 1.19 1.44 0.22 1.30 2.5 0.00 1.06
103 447 7.75 2.60 0.40 0.59 2.40 0.80 0.50 0.00 3.70
104 486 4.52 1.71 2.55 0.95 0.60 1.27 3.45 0.00 1.29
105 487 7.76 1.04 1.35 240 0.45 0.38 3.70 0.00 0.76
106 638 7.82 3.70 0.64 0.69 3.10 1.35 0.50 0.00 4.53
107 490 7.76 1.05 1.40 2.40 0.50 0.41 3.90 0.00 0.76
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108 811 7.74 4.50 0.45 1.28 4.11 1.60 0.80 0.00 4.84
109 498 7.31 1.21 1.94 2.50 0.70 1.55 295 0.00 0.81
110 405 7.55 0.50 2.15 1.60 0.24 0.23 3.85 0.00 0.37
111 386 7.71 0.35 2.60 1.30 0.24 0.10 3.60 0.00 0.25
112 880 7.24 245 3.00 225 0.85 2.65 5.55 0.00 1.51
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Table 4. Quantitative and qualitative characteristics of soil resources in monitored potato farms
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Farm Soil Moisture at E.C oM TNV
Code Texture FC Point (%) PH (ds m) K P N (%) %) %)
ppm ppm
101 sandy clay 19 7.71 1.88 196 7.6 0.160 1.81 20.50
loam
102 sandy clay 26 6.72 241 242 15.8 0.210 2.95 9.90
103 silty clay 26 7.46 225 261 15.8 0.260 2.95 17.85
104 sandy clay 25 7.71 1.26 259 10.1 0.220 2.51 16.30
loam
105 sandy clay 24 7.52 1.13 240 7.7 0.160 1.34 16.80
106 Silty Clay 23 7.63 1.45 179 9.6 0.210 242 9.70
Loam
107 silty clay 2 7.80 123 172 10.2 0.110 2.61 18.00
loam
108 silty loam 23 7.80 1.15 140 13.0 0.100 2.60 21.20
109 silty clay 0.26 771 1.99 236 9.1 0.180 2.11 10.10
110 silty clay 22 7.87 125 274 13.7 0.210 241 7.90
loam
111 silty clay 23 7.74 1.32 176 10.7 0.210 233 18.90
loam
112 silty clay 26 7.54 1.10 229 12.7 0.240 273 22.80
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Table 5. Specifications of irrigation program implemented in the experimental farms- phase 2
byl R B FTRC U TRV TP Gl dolgp Cogiolas syl b Goll Gos
ae)je S oA o i ) .
) Gs) (a6 » ) Gs) 3™ (cel) (o sheo)
Farm Sectio Time after Inflow Irrigation Irrication Irrigation Irrigation
Farm Code type n planting discharge intervals N \l/gen is time depth
(day) ash (day) (hr) (mm)
1 0 26.0 - 1 35 78.00
bl Lyl 2 15 26.0 . 1 14 31.20
Actual 3 30 26.0 . 1 21 46.80
conditions 4 30-100 245 7 10 32 67.20
5 105 245 . 1 18 37.80
201 1 0 26.0 . 1 28 62.40
Lols 2 15 26.0 . 1 14 31.20
s S 3 30 26.0 . 1 21 46.80
Control 4 30-70 24.5 7 6 28 58.80
treatment 5 70-100 24.5 7 4 21 44.10
6 105 245 - 1 14 29.40
1 0 26.0 - 1 25 77.50
erdly Lyl 2 15 26.0 . 1 20 62.00
Actual 3 30 26.0 . 1 10 31.00
conditions 4 30-100 245 7 10 22 64.30
5 105 24.5 . 1 14 40.90
202 1 0 26.0 - 1 20 60.60
Lyl 2 15 26.0 - 1 20 62.00
o S 3 30 26.0 - 1 10 31.00
Control 4 30-70 24.5 7 6 20 58.40
treatment 5 70-100 245 7 4 15 43.80
6 105 24.5 . 1 10 29.20
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Figure 2. Measuring the flow discharge in the
experimental farms
A) Current meter, B) Jet flow meter C) Ultrasonic Flow
Meter D) Volumetric Method
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Table 6. Water consumption, total product, costs, gross revenue and net income in experimental farms- phase 1
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Farm  Water consumption Application Total product Costs Gross revenue Net income
Code (m3 ha!) Efficiency (%) (ton ha'!) (Million Rials ha!)  (Million Rials ha™") (Million Rials ha')

101 9329 59 60.6 507.8 970 462

102 9854 71 37.7 451.1 1055 603

103 12824 75 29.1 511.6 523 220

104 12059 81 41.7 551.0 844 293

105 8711 62 37.0 483.7 925 441

106 9677 69 36.0 562.4 1008 446

107 9039 79 36.0 581.0 893 312

108 10656 60 55.0 779.4 1444 664

109 9696 69 39.0 4752 661 186

110 6901 74 40.0 540.4 715 175

111 10483 56 445 544.6 810 265

112 15480 50 34.8 470.7 666 195
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Table 7. Water consumption, total product, costs, gross revenue and net income in experimental farms- phase 2
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Water' Application Efficiency Total product C.Os.t s Grgsg TEVEIUE Nt income
Farm Code consumption %) (ton/ha) (million (million Rials (million Rials /he
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201
By Ll 8658 72.0 42.8 818.5 2568 1750
Actual condition
201
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Control treatment
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3 ‘E.)‘ k3
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Figure 3. Comparison of net irrigation requirement and applied water depth between actual and controlled treatment- phase 1
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Figure 4. Comparison of net irrigation requirement and applied water depth between actual and controlled treatments-phase 2
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Figure 5. The values of CPD indicator in experimental
farms- phase 1
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Figure 6. The values of CPD indicator in actual and
controlled conditions- phase 2
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Figure 7. Correlation between the CPD index and the
volume of water consumption
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Figure 8. The values of BPD indicator in experimental
farms-phase 1
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Figure 11. The values of NBPD indicator in actual and
controlled conditions- phase 2
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Table 8. Results of significance test between productivity indicators under actual and controlled conditions
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