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Objective: This study evaluated three center-pivot irrigation systems in Moghan to
assess water application performance, identify factors reducing efficiency, and
improve irrigation management.

Method: In 2024, system performance was evaluated using the catch-can method,
with radial and peripheral water collection, along with field measurements of
sprinkler discharge and pressure.

Results: System C achieved the highest application efficiency (84.64%) and the lowest
evaporation and wind-drift losses (15.35%), while system A showed the lowest
efficiency (68.44%) and highest losses (31.55%); PELQ and AELQ were highest in
system C at 60.01%, with no deep percolation losses reported.

Conclusions: System C achieved the highest application efficiency (84.64%) and the
lowest evaporation and wind-drift losses (15.35%), while system A showed the lowest
efficiency (68.44%) and highest losses (31.55%); PELQ and AELQ were highest in
system C at 60.01%, with no deep percolation losses reported.
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Introduction

Evaluating the technical performance of center pivot irrigation systems under real-world
field conditions is critical for optimizing water use in agriculture, particularly in semi-arid
regions where resources are scarce, and climatic stresses such as wind and high temperatures
prevail. The Moghan Plain in northwestern Iran is a representative example of such an
environment, characterized by a semi-arid climate, windy conditions, and large-scale
mechanized agriculture. These conditions make it an ideal setting for conducting a
comprehensive performance evaluation of modern irrigation systems. This study aimed to
assess the technical performance of three center pivot systems (designated A, B, and C)
installed in Region 7 of the Moghan Agro-Industry and Animal Husbandry Company.

Method
The evaluation focused on a set of key irrigation performance indicators: Christiansen’s

Uniformity Coefficient (CU), Distribution Uniformity (DU), Evaporation and Wind Drift Losses
(Ew), Potential Efficiency of Lower Quartile (PELQ), Actual Efficiency of Lower Quartile (AELQ),
and Overall Water Application Efficiency (AE). The field methodology employed the catch-
can method, implemented in both radial and circumferential layouts to accurately capture
water distribution patterns across each system. Plastic catch-cans were placed on metal rods
firmly embedded in the soil. After the full passage of each system, the volume of water
collected in each can was carefully measured using a graduated cylinder. Additionally,
sprinkler discharge rates and operating pressures were measured using timed container
methods and hand-held manometers. The results indicated that System C achieved the best
performance, with an AE of 84.64% and the lowest Ew (15.35%), suggesting minimal
environmental losses. In contrast, System A showed the weakest performance, with AE of
68.44% and Ew of 31.55%. The findings highlight that optimizing pressure, reducing sprinkler
height, and adopting regular maintenance schedules are essential to improving the efficiency
and reliability of center pivot irrigation systems.The collected data were analyzed to calculate
key performance metrics, including Christiansen’s Uniformity Coefficient (CU), Distribution
Uniformity (DU), Potential and Actual Application Efficiencies (PELQ, AELQ), and overall
Application Efficiency (AE). Special attention was given to estimating evaporation and wind
drift losses (Ew), which were identified as major contributors to performance degradation
under the Moghan Plain’s climatic conditions.The methodology of this research involved
using the catch-can method for measuring water distribution uniformity and efficiency of
center pivot systems. The catch-cans were strategically placed along radial and
circumferential lines, with each can positioned at a specified distance from the center pivot.
After the full cycle of water distribution, the water collected in each can was measured using
a graduated cylinder to determine the volume of water applied. Additionally, the flow rate
and pressure of sprinklers were measured to assess their efficiency. The pressure
measurements were conducted with a manometer, and the sprinkler flow rates were
evaluated using a timed container method. The analysis of the data focused on key metrics
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including water application efficiency, uniformity coefficients, and the identification of water
losses due to evaporation and wind drift.

Results
three evaluated systems. System C demonstrated the highest efficiency, with a water
application efficiency of 84.64%, minimal evaporation and wind drift losses, and no evidence
of deep percolation (AELQ = 60.01%). Conversely, System A had the lowest performance, with
an application efficiency of 68.44% and significant water losses (31.55%). The inferior
performance of this system was primarily attributed to pressure drops along laterals, nozzle
wear, inadequate speed regulation, and insufficient maintenance. These operational
shortcomings contributed to the overall inefficiency, emphasizing the critical need for proper

system calibration, routine inspections, and improved irrigation scheduling.

Conclusions

This study confirms that, when properly managed, center pivot irrigation systems in the
Moghan Plain can achieve high operational efficiency. Among the evaluated systems, System
C outperformed the others, combining superior water application efficiency with the lowest
recorded losses. However, the performance of Systems A and B requires improvement,
particularly regarding pressure regulation, sprinkler calibration, and maintenance practices.
The findings highlight the importance of implementing regular inspections, timely nozzle
replacements, and appropriate adjustment of operational settings to minimize inefficiencies.
Such measures are expected to enhance water use efficiency and promote sustainable
irrigation management in the region.

Author Contributions
All authors contributed equally to the conceptualization of the article and writing of the original
and subsequent drafts.

Data Availability Statement
Data available on request from the authors.

Acknowledgements
The authors would like to thank the Moghan Agro-Industry and Animal Husbandry Company for

providing access to the center pivot systems in Section 7 and for their cooperation in data collection
for this study.

Ethical Considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Funding
Not applicable.

Conflict of Interest
The authors declare no conflict of interest.



I8 2505t 1 48 iy (505 3k

(R g ookl Ay puid

J).U 'Z./)

homepage: https://atwe. razi.ac.ir Online [SSN: 2783-4964

Bl g 43 s 13 GBS L 39 AT b 109 385 6 )T S  yhos (L
o Cubd (ol

Ao 5 ¢ pawe 55256 skl Co3li0gmy A8 ¢ oS o (g g Luageo T (RS LS jhem To3lj el (351 By oo
Yoo Slas,

abbly Lolpl (Jodyl dwd)l Bie oRily (b mlbie g (g5yliS 0aSiild ol Copte oaSitimgh gac 9 Ol wdige 09,5 (Jotae oMy .)
m_raoof@uma.ac.ir

A.Amirzadeh@uma.ac.ir :4sbLl, .ol ¢ sl duod )l 3oee ol ¢ rubs mlio g (65)9liS 02801 (0] i 09,5 .Y

mohammadrezakohan1376@gmail.com :4sbbl, .l pl ¢ Jud)l ¢ Jud)l 3ime oSl ¢ anb wlio g (659liS 00Suidld «l Lutigo 09,5 ¥

heydarimahsa77@gmail.com :asbb], . )y ¢ Jurs ) ¢ )l Gime olKiily ¢ b qolio 9 (659l 1Sl col ustiges 09,5 ¥

rasoulzadeh@uma.ac.ir :aeblly .l pl ¢ Jud)) ¢ dod)l 3o oKl ¢ b @lio g (65y9liS 0a8Liild col o pto 018ty gude g O] Lowdine 09,5 O

ja.mobaser22@gmail.com :asblly .l pl ¢ Jud)) o Lodyl 3o oKl ¢ b @olio g (65y9liS 0a80iild col o pto 018ty gude g Ol Lwdige 09,5 5

j_ramezani@uma.ac.ir :4s0L], .l pl ¢ ) ¢ Lodyl Bie oKl ( anb qlio g (65,9liS 01Kl «ol o e 00Siimg s guiae g Ol wdige 09,5 Y

oS> oo,y
s YV VY Job b (C 9 B A) (lasic oyl alobs aw 3, 8kee b)) ¢ i ol Cam :8ad lis £oi
g s Ol Ol @98 (e« B1eSs oy il ke o g cutS €85 )3 Hite yie YOS gy o

Ll 03¢ u] ))g)lf OLo..\}l) 9 AELQ ui .)).g)lf ‘_5.:5‘9 OLo.\}I) ¢ PELQ ui J.MM.:LJ OLoJ}I) ‘Uf.)).g.)lg
] )l gt il g nloles 5 Sloe LinlS 3 50 Jalge ollid « guioes ol leol i

g old 9500 93 0 (i (bgd by 54 bl VoY Jlo o & bl ol el sl iR (g
Slom g a8 )S )13 S eddicwal (38 sladlo (g9 ool (Sawdly sla Jbgd .0y )5 ealaiwl e
Lo plol JLib g (23 (iomed A3 (£:S0jl] o wltul Loy oadispglaen Ol oo dnolSios JolS ) gus
il s sl 58 Cagboy g9 Lod b cospu ol cwliilgn slaosls 13,8 (5 pSojlal (Sl sk 4

O LS FP FPRVE

Sl oy S g doyd AFEY Ul o p)lS losly b 1y 3,80ee oyt C ailobes a8 sl L ol svaidly
Loy YVO0 il g ao s SAMFY oty b A slol ¢ blie 13 il doyd VOIND (Sopb g s
4w > (AELQ s PELQ) 0l 5,0)8" (8ly 5 Jausily ol o coppizman il 1y 5 Slas (3 jtmss
395 ,Sily a5 del Cawd & (o3 F2/4) Jlade oy 5t C ailol 13 g 0391 S MalS' sy 3590 dilolus

Gl e Dga5 lals
Sopp s il b 3,Sles S i ot s |y 3,50 e € b 3.8 S eong

Sl phaie ()0 5 il glis)l (ialS Lid wilats 5 39 ()0 Cind 9 sy ansliol ety (o J3U

V0N el s )b
VEFANE 1 g S5k e,
VEENYIYY 10 iy G,

VEO/ /N i U

Lo jlaads’
e
AELQ
PELQ
8 Glewsl,

Sy 0k g s ol

3,Sdas (VF+0) Dlgs piie JSliey 5 ¢ puiilen cpuare (g35e ¢ e @il Jow) lugo jo8 e (gy00 LS 000 oS fui)j RN STV ERVEPIE-I ST Pedve)

¥V) 5« O oy opr 2 it slo (£)9li5 . ao cuid Lol Lol )3 i LS slaasls p aST L dlayie )bl clapiome

DE-YY

https://doi.org/ 10.22126/atwe.2025.12566.1182

'd}‘) oKisly )J;D




ov Ol 9 By | voe (sl pie sy LloT (slopiuw o pSloc b jyl

LPRY-T

s o &l drwgs Lg)y idlS o calisee gla yicw (o Lolay iul8l dlawlea u.{l PSR YW QU PR VIPIVES I P
a1y e Blaz sl 3 Cdgd g itiud gt sl Ol 39005 L ablio (lyy (5 slaooly sl (6558 s o]
S ol oo s 4 48 O ol (Yoo A L) il oy O g0 39t s 3l iogliS 3 T B pas JtalS
309U a0t a3l 5 o S 95 g0 3Bl 0a5id e Ol IS & Cornnd s 0 0l Ay 4l 4y 5o yobo
ool sy l.a:cj Oomlegsl Sl g plSocinl Juds 4 ol550liS lawgy el (glay yae d)lﬁj adilols (Y+VY ‘Ywﬂw 9
bl Uy g Slasly 6508 S sy 4 alels opl (VA8 Fliglygl 5 gl ;Yoo ¥ (o) Kan o7 02d) Lg o0
oleaily (V7S 5 96535) 35300 3150 rgldges SliEl 5 Gl Bpae 3 asedio 4 e & Al cund
Gan b aailobs opl a8 o o) T plie (6yg0 00 0 Sl i385 ( Shl claailbobs opgd lid cov gyl claalols
(YW e g 6550) 3l ol Cusdl ((S30b g pses j ib Sl g O c8less

o yills oLl Jlu jLid DS g 0b (YL sy plas old o8l baylyl s 4 (Siiddeg g Sis 3ble )
sl Ol 8IS @i 5 bl plol » ite Sl Al o Lulyd o) ) 352y (5)ll sloailels (gl (r 5 1B
9 dlolw 3,Moe 350 (Sgyen 5 (ol Jolge il (ol pliy il H1IS 51 (oly5 Y game Mg coles 5 9 A3l
alobw IS (590 40 =5l g gi ol ials (xjei (3eiS iali8l b3S ed b gl yae L;)l.,gj slailols 5,Slas L)
e 65kl ol oS deus g Ol Cpae sl 4 Wl o Blual pl 4 oliwd sl lie cuby el Lol b 4
Fhpore g Phb Gilode g Dol iy @20)8 2o plyisa Wlg5 oo Gui0 (ol ladiBl (priomen 295
oldg (ooladl 5 jlul (ili8l Coge Cols ;0 g S 1,8 solatwl 5)50 Siddos Bblo plo o wlie slbdlbls

g (65)9LiS

S 9 3 A 9 E 9090 SIS

! Brennan

2 Zeyliger, Ermolaeva & Pchelkin
3 Dechmi et al

4 Hanson and Orloff

> Agyeman et al

¢ Tarjuelo et al

7 Darko et al

8 Raoof et al



VPO ¥ oylols & °)5‘>‘“."f6)5 0y g0 b gy o oy9lis OA

My sy jd ol K ShL bl slaailols 51 (oolax 5 Shae (gladlae ,> (Vo)) oo 5 b,
5 o5l Bolas WolS oo ey i S b )bl ailobs Ve opslate ol gl 03,5 (Wil 5 e 1y olod S
el glosily (DU) @iy (81580 (CU) o ol S (31680 o pd ol odiisSojlil sl piel)ly o (2b5)]
ayie Ve lp bl ool bawgie polie 59 (AELQ) (28l] b @) 5> Bly glosily 9 (PELQ) (b @) 2 5,08
3)8 lessly (ehls anailols 4SS by s zuls el Cawddy 1o )d FY/A 5 FF/A D15 S5 L plp Cud 5 4 o o)
sl (VAYA) IS g ol o Lawsgs odbtogi alio j) 565 5 ol o Ol o (51685 5 At

3 slusie wlolo g3 Calisee ouldl bl s (> (clausie o)lol wlols ( Sgyin 3, Shee (YY) 7 ) Ken o ol s
oo e 3,lezil g Jlyred ) sy dilob (sl odelusdes b ol 0l J13 ) 3590 1y 0,letil g b et
oD MY g SYIAY sy & wyp 350 aailols (gl mjg8 3155 Jlade g o D A g Ve /Y Cuiy 4 8l
Lld 4 5 39 oYU b e a8 ol s 4 3oy MY 9 AD i atilobs oyl (gl O 50,8 losly ol cowd &
iy & bable gly (PELQ) 5,8 Juwsly olodly sud duole polie il awle cundy aslols oyl olonsly
3,Slas g Cundg awyp 4 3b] sl 55 i ) (YY) T lKen 9 oblaes] (gaen 39 JguB b g 0oy £5/0+ 5 AD/Y'-
5 O @ty )lie 0 lanyie olol Blobe O Gdss ol p> Sl adllasdyge adlate )3 ondl el clayyie claailobs
By 03k el @y 50 2l 2,08 Jrilty 033l i 1SSy ¢ BISSy apd iSile (Jold b)) il 85 I
S5 05545 j15y65 1 wlio (o)S 5l addlandjge (sl jbe sladilobo a8 By oLis byl Jelge Jdosigds 50 el cows 4
D35 518 il g dagidyge Wb aS 39 dilolw cuwliel Sy 50,8 bl d (6,55l clde & PELQ JAELQ

2 lojie ol slaailobs LS 5 3, SMas 4 3Ll (i red 3 s 3 (VIA) e o B
9 e Ol gludl )b HLid 39008 g 3B jhaB (o Cusboy ()l 2> 0l Cio s (o2 (couldl sl el Ll
AY plp i g VL adlb 3 3 & g F LY gV U+ ol Co oo jo dilobus lontly caS” Wdgad 5155 g wlaslyyy (S5 0L
39005 5 J5U sad ¢ oud Cugloy «o )l dnyn b s o Jolid ¢ 5550 0L 5 s lali 3 56 Jolae g 0390 oy ¥Y 4 £F
Sl o 1y 15U S gldl jbu Lid 39008 5 18l st 2b Jele sdalcanday gl olul il e gl oo jlss
056 S0l lade b1y (5l o ke dlaie o aalpd b (5350 0L 5 s G dlae izman uitly (S3500L gy
s Ol e ciored W0, jblixe o yd S dlasel o (3 Slaalie g odd Jao pdlie uSle BMS 4 0l LS
Dy o Mo d YO U yuodd (giluddo 5 1o pd YF U5 o oid (650511 (S, g

& ook ol )3 Al lab cou glol laailels 5 Slas b5)) 4 gy b (V7)) ol Ken 5 bl &)
&509kiS 3] > (Sdgpin 5 (B o)l jelaiodr (sholabisly wilobu 93 g (gloyd ailols gy (Il (ylel wlole
dibols gly (60505100 5y50 (sla yadlis .ab plodl JS 5 pliye o5, bl g o b, ad Cbsl laes b b
5 ol 5 (PELQ) T 558 by ool dDU) g 155 (CU) sl S (515550 s Jois
{EU) G315 oy Jolis 35 loyhd (slaailals (ol (6,551 3,90 (sl sl 351 (AELQ) (el ety ool 3508

! Faryabi et al

2 Merriam and Keller

3 Nasrolahi et al

4 Hamdi Ahmadabad et al

5 Raoof et al

6 Hamid Zare Abyaneh et al



04 Ol 9 By | voe (sl pie sy LloT (slopiuw o pSloc b jyl

Mo gy ol @y 0 Sl a8 Bly okl 5 ol @y 2 Ol 0 Jeuily losily (ERF) plosily el o ps
SVY Y/E —$0/V aials 3 AELQ 4 PELQ ERF EU pyolis 55 glopkad slowlolus ) . Jols 1oys YAIY —0V/0
G138 150 woids  SLb dlobu b ods 1ia] dilolus 1399 glite ccamwliol ( Sb 4 ()lg5 co ol ol b5 dlos 5l a8 5 ,llan]
pas g cunliol pjlg) jl oolaol )lid wulais 4y )l550liS” ol pas pbas (o)l o jp0 WM O sy julas o8l Jolos
908 0Ll (alatdl (gl bl 5 (3j90l pas ¢ 2T (ol o Jdoar gloygo slo il

ailolo oyl 5 ySlos o Hliwl £)l50 50 (glayae d)LA.gT salbls g9y o gl b (VYY) ) dal.g]”ﬂé PRESE
Sk g s Sl g (B9 oyl @iy (BlpSe (Bly plenly )8 Jaily plely (1SSlee 3508 0y )
A Cannd <090 03580 > 4 (gl yie ladilobw I oslaiwl Al 5155 8o jd YE 5 AY/V e YEIVe SVIYe SANe Cusy o
S o s gt wilats pids g I 30 (S3gm b b sl Ui il s 59k o Lol sl il laeilob sl
R eSS IV gAY i 4 paS g aigy sy olel Ol spg0 e 092 00 3 Slas [l el o)lse (S )3 ol
o 39 o (6050 5 plely G315 S50 Jelse alan 51 o550laS” (B5ge] 5 il (o )lul ploml s 5y ano o
lae sl glais oll gballs 1 Ol gig lodse 4wl ladlls )3 (V1)) 7 olan 5 (8,5
9 L&uJ)lJ &9 cui )LMB b sy )a.‘a; ‘_,’.O.L.Dm Juob.c A5 ealawl u] F 31 u’..>|9».§) LJ.J?U (_5]).’ ) L;Lmobb 9 uaol;)
.))l.J u] 31y ).»LBA_QD R LS"YL’ cubls OMA.;»I)] JAA PN uLu.u axlllas L)"l CJL.’ LS w2 LD:U»L.J [y &lm)‘
Sl Gials )3 oo (i Ghmgd ol glaal S S8 gl jie sladilolo 5)Sles 5 Sk (iloding 4 Wl e
.A...S@ ! LS)L.“.J.] 590 3% u;.u‘/&‘ 9 g.j

Ty ITY)

axfllaod g0 ailaio .
Vo9 e ¥ o bl Camdge (sl o 0 pll Juol il 13 3l e 3 lie cads ailaie 3 Ginles] ol
by s 5l 5o Y0 gyl b By Jobo 4230 Ve g ax d YAU 4280 Yo 5 a0 ¥V g (Jlad 15y 4280 ¥Y 5 a5 )0 YA U aids
L.M S o 61 BB O mlio «Siddas waldl plas ola S5y dawlgas wwusS bl o)) )bSa 5a Ve dgun b ke cuds
SinliS (e Al e Cario g CulS S50 39y 0 sl oS 3 (sl Y pazme A5 e ble I (o cplols
A oy i shsie Bl dw (g5 » Gimgly ol 2 LB degesme cul V 5 0 (talojl Jme oS el S8l
dw & baye Slasuin (V) Jgdo ) g adllaedjge dalaio awlidlon (sla o)l (V) Jgdo o s plodl C (glayie 9 B (glayae
el bulps cpl ogd o s aUsS e 13 S Sugby 0083 5 sy o s & sl jd dilaie cpl )0y Wl oS
e 233l 5 gypin dlye b dadilol Sl (6ibosne Copde 5 O (ygopte Camdy sy sl el 0 ool S5
ol 03 @11 (Y) g 50 )] ol a8 39y iy g sl go)b ¢ gylul ogo Jolis coleMbl oyl s (g yglaes p5Y cleMbl

! Naderi and Firouzabadi
2 Ben Charfi et al



VPO ¥ o)l o 0,90 ‘“."fd')i 0y g0 b gy o oy9lis

%\

Pl ye) sl 0as &8l)) (B) g 2 908" Juwsily loily g @598 (BIeiSs ((B195S5 o ps 04 Aoy g Jbre 03950 (pimes

(AYA LIS
axllland y90 dilaie g1y VE+Y Jlw y3 (cwluilgn (ol phol b (pSile ) Jguo
oyl wlelw 5L Cepw Cugb, Sl ke | Bl 1Ske olo
(o) | ailzoy US| 95 g5l o a,) Lo @) b
(Celw) | ph) gy | (wep) (ow g (Cwgmadas
(asts
W A \itd YY/A Y¥/ /A Ody908
YV/0 AN Y/A £A/0 YA/R VE/D Canbigeas 3 ]
V/¥ Y/s 2y YR VAIA a3 ,5
vis \7A% BA/N \ATAY YYIY g%
AIY /g FAIY Yolv AR 51350
ARYA% £15 A Yv/5 YA \V/8 392 e
vf \iig vy Ya/A VAR Ve Iy e
#Iv /0 v/A AV/D g ¥/5 ol
WE \ilg vIY AYIA I VY 5
vSI¥ /A Y/A AY /s —-Iv “d
VY /¥ Al YY/A WY -1 oy
AV/A /¥ \7A% A-/d W YV k!
axllled yg0 adlain 43 b4l 2580 sl sbe Al Oluoguad .Y Joan
ops | Lilley | Sl | JEES | sl sas | Judsb | gleldle | sble
58 Fo) ey | (Fahe) | oAl ! (%) o
il (aiids 5, (cs3%0)
las Jao Oygeds ¥ RN WA N oV ARt A
R3000 VY-
wlac Jio Oyl A VEe—\YO- v\ ¥ YAV/Y 242 B
R3000 VY-
las Jo gl ¥ \£e-AYO- M ¥ You/s Y24 C
R3000 VY-
adlaod g0 (slayiie Sl 5ylal sailolw 51 (5,15 520 00 41 bgspo WL Jgaa
Cwdls &)U S )b (;US) CuisS’ 2 5 o Jgazme g4 45 oU
92,8 3l oloyss Jol amd INIAYe Sladgle )3
292 54 34l oloys Jol and AL Sladgle &3
292 R gl oloys Jol ans YA/YY ladgle )3 C




79

Ol 9 Bgiy | voe (sl pic 5y loT (slopiunew o pSlac b 5,/

damaob)’a abio S ulg.w,.» £ Js.\?

SO Cagb) Sy cad b S el 48,50 pU
(o 200 52) (o2 a0 y3)
" ¥v/a o) st
A4 Y/ O s B
| Y. ¥y o st C

(VAVA IS 5 6L yo) (wuey3) G1)L g5l grailobuw (5, G ad L jloe d3guxe .0 Joua

552, dauniliy Glondl & SISy APy b
$0-AD SY-A- A=AV

= byl ly gy cul 2 a8 B(Y) 5 (V) Gl dSid 3 ey 4 la b it 0920 g dalllaesjge dilate Cusdge
e (B1S bi)) Sl ntren S ed ;RS e Ve dlob b g (elad Cjgor (g i) 93 sl slaaibels
lgis ol 350 (L) sl 5oy Job pows 59 Aol b S0y 5 50 ¥Y Ao b 5 Jaeo &5 o bod daailebe
Dbl Baios ) 53 85,5 e 5ly8 o3l )90 dilol bawgi 00 @iy O (lise 385 (65050l (gl o LogB cpl b o3l )3
ol Nelson Jae b w53 edlaiwl 390

arawy ooy e WY 7
— - * T8
e Ty
T~ l‘[ A A
R L
/< S Ny
7% {
i L"\ han \

,‘.
L
Ay
w
e
00N

AVSTHCE AT'STMRE ATUSTUOR

ATSHOT AT SHCE

A:Jlkob)io adlie c.@;é’o N USGS

o gl g gl gl
Water collection cans

Lyl o bruomo 9 (Sland & jg0a L bsd iy 0526 51 5 (glod T JSUS




VPO ¥ oylols & °)5‘>‘“."f6)5 0y g0 b gy o oy9lis Y

SLETITR

ilo dle y 00 0dly )5 (daee b S g9y yie TV Juolgh g (elad Lad 93 (59) yo Vo Juolgd 3 (S0l (538 (sladle
S )8 SB VL a8 bl e 9 395 (oSl Byl (0) 5SS 1 & g pgbs g0 Jos S8 st Sy

W0 jlab 5 Ly Sl b gl (gl ogB solad . ooliial gz ) (y9a: 03k (Studly (sladogh il Limggy ul
w0l s yglan Ol e (5ySoIul L g Ab B8 iy ol laled glafie aw cplpl 39 yia Bl VY g5l g st il
) b (ol (g5 o dojy o0 3 9 S 3955 Jl (o Sol g o ogh (991 515 Lais (gl 00,5 ol5 ol Gas dslors (S

Pl Lo, Solal [bgd o AT 55y 3l ol BT 003, 3l g 4D (39 ey ol Cepus (59 (sl ol Sl

b5 2 53 39250 O s 1 ppo 0o Bl B 350y Gl 5l el g 4B aus S0 ol JolS yoes
3,5 0 ol o g A Ay (£ ISs e gl <S5 gy Bl

Mlad (03 s 9 b yiagig)S g Bl oaliel b ash Yo ploj (o Bl pa (b O ke b (o pS0ill
alafiduw 1> (350301005 )8 wyp )80 b Hlid Jlais! Cl Bl (65503510l gra ) lid b dlais les jLid dlolB . dpwlxe
S IVl B ol 3 Y L s A wlols 13 e 4y lolus dus )3 Lausgio b (4, S0310] 15 plol L5l claus cely) (gl
D9 L VO Ll C alelus 3 g

Lol 3Shos (2 3:8> dunglio (ISl b 05 pll (C 9 B) 1500 wlols 93 (5l allite g0 am (slojg) o 38 e plos
Lol glis 5 50 Sl (C 9 B A) dlobo dus ol lue sdSodnlio OS] | isy 4 Canl S5 4 a3 3,5 oalyp
Sdgp Slasuie ol gy Jole ol il pialojl lp) ilisee (glajg) )3 ol Co s Sl oot ¢ slidlon
3l 35,50 O @ser el g (3leiSs Wl e dadilobus

ol b5 G Sl ¥

(Ew') 5390 8b g piusd O

b )3 348 0 gy Jaidyge o)) edgame Il blol lawgs oad sl Ol 5l (cho s de &S amd o 5 yiel )b o]
oSS Sl oolatl cbam cpl 4y ol (gl bl Sl (Koo il 4y il ) oS 39 0 (A ¢ ik ()bl sloailole
daly) 234 30 Slgi o & Cunl Slobl alear I ailols L3S wlais g (Sl glB)] i dan S5 cuslio mlais diile (g 5luding
(V¥ & g (00

Ew=i—“ivx100=(1-j—j)xloo )

03g45xe | e g0y b b bawgs ill |5 e j3 48l Bes bawgio iy (S35 3L g e Sl Jlade Eyy ol o oS
(Mm) (o5 o 53 05 iy Ol 3os bawsie d g (mm) 3]l oad )6 O Gas bausgto dj (mm) 23,5 oo )5 4530
ol (59, (Satdly glo oo o g0y el Cunddy Gz (b by, Sl edlitl b d ke e je Lyl > sl oo
Sl Bos 4 5 (5505l gyt dlgil lawsgs Jogb yo 13 e syglzes Ol poe @lSiod Sl joue I Ly 5 2505 03l )13 (o388
5 (oS )Lt 5 glaland (9 (63l b oddbasaslons) laplol (298 (9 JS o M) 3l 5 g Jludo 0 o (e L)
Ay JBlus 4 Slal ) e 39 o (M ¢ Shb (o)l (sladilobs (b 53 sel Condds w0 pdaw 4 &Sl ke

! Evaporation and Wind Drift Losses
2 Merkley and Allen



4 Ol 9 By | voe (sl pie sy LloT (slopiuw o pSloc b jyl

(CU') o oyl 5 195858 0 50

e capd ol ol o it S (BleSy cops weyio 0 Ol g (BleSy i) e mre syl S S
e 28 Ll el Wbl (IS i 5o oy ol 4 g g0 i |y o Bl bawgs 00 i ol (19,
(Y0 T oaljde) (¥ abasly) o Gy ;3085 ) gz 93l pd odelcunds polie ( JS e S 4

CU=(1-¥)x100 ")
Db oo b bbb slasi 1 g (mm) Lbgd
(OU") @58 o315

2035 iy Ol Gos | ol dsle )3 1j s 4o 50 50 Ol @i (ABly CMSe (Sl S (o it S (B, oy
il 9 ) (Vo)) 295 00 48,5 S a5 30 53 o i (GBI srally 51 U (e 2 33,5 o 03latl Lo ogh plos
()4

DU=2x100 (%)

8l |y Ol cppnS &8 o Jogd 5l 003 VO 13 ond sy O Bas bwgie dg {80 3) @iy (B3 DU o o &
ol (M) BB 1 )3 o1 ygler O Gas bawsio d 5 (mm) Sle S

(PELQ’) ol @4y iz sloutty

Goe & ulyd g i Copde bl (bl ol Cumdg Cillas sy iy ol @ 2 Sl 2 ity plody
A2y Jrailty ol 295 o odlitil el 005 sl ogllas jobo 4 ()Ll

V¥ Il g IS 50) 2295 o0 dslimo (F) aa S edlitial b (5 oy

PELQ =% x 100 ()

T iy 45 Sl 455 e S 3 05 iy O gas a7 o gy madts olesly PELQ o] 9
sl jadls dwlxe gly .l (mm) (b o 5l oad (pSojlnl) lol O Gos bwgio dy 5 (Mm) Slodges by |,
&S0l Bl o dlazel )3 (g pslen (slabsb 3l edlital b il o ) ondisyglaen f Gas (losily 5 (15
b (g o 50 ondisyglans Gl pze sl S g 25 00l )8 wlobs e Jgbo 55 ISy alolé L o ogh .
23 3)90 slayiably b 5 @) S ol Bas xSle (s 12,5 s (3ieislee) o doly 4y g 2818 e paskew
B duoles Loy, ol

(AELQ’) (b & #1g plowit

los (o 1) s OIS0 Sl oo e 9 0391 s S5 (G ol Sy @lgps (b @) 3 28 (Bl ple
V¥ e g (5 0] s dvuslons B (0) a5l @ 93 2,08 (o8ly ol

AELQ=2x100 d,<SMD
r @)
AELQ=22x100 d>SMD

! Coefficient of Uniformity

2 Alizadeh

3 Distribution Uniformity

4 Application Efficiency of Low Quarter

3 Potential Application Efficiency of Low Quarter



VPO ¥ oylols & °)5‘>‘“."f6)5 0y g0 b gy o oy9lis 7¥

y23lis AELQ 5 PELQ jyolio .l S5 tsghs) 39505 SMD 5 7, b g0y 3 3508 ssdly o]y AELQ f 5 &S
C 9B A (glayyde wlols aus 2 SMD Lo 35 (] )3 it alof] 350 slagtlel (el il @ o8y 9 ity o
Cad YIV o £15 NOY ly sy &

(AE) &7 8 9,15 oot

oo yob ol Ll aoyd Sl (asls ol sl asyie 31 13 (oyll ol oLl olse ol 3p)lS” Lol
M g 50) o alady) 235 0 o] SholS sl has 5 b Qllg, ¢ 53k s ] 26 il g 395 0 0t oS Lags
(¥eo¥

AE=(d/d,)x100 )
(mm) ady ) dilate )3 o0 05 g 4l 368 Ul Ges bawgio d

by bl
g o yiolo] Jobo 55 i pboil sladlsye ¥ g Yo YA (clagu )b 5 sy 4 C g B A dilolo dws sl slae y30 Lialojl
&S dad o i polde cpl 0 )F (6,So3lul Al e Y/OF o YA Y/AY L ply ey dy o) o (550 90 iyl 0 0l
N goe xSikn ized adlis gy b (o e JB OS] g 0392 lie Lo el e (slag, o b Ly
L plodl ERRgwe ui s xS0l b dw ‘(C 3B ‘A) g yiiaw 08w duw S o gl islacyse ua.’l.b)] FRERWgwC)
9 [FAANAY ply ciy a4 olad Sygods C g B o A dlolus dus (sly (gl yie oliwd dus 1005 dlee ol 16SSho e g
Job 3 ol eS8 (Jad ey ol Cawd 4 yio o VVY 9 VIYY YIYE il cip a0 oo obj)l 50 g yie Jue VIFA
5 CU) 3319 glayyadls b)) 5590 slopadlis plo g aidd e M JINVY Lya C g B A cladslobs (¢l islo)]

» YL Slal sy i) g O oS @i pae oximdylis 45 3505 oYL ) i cpnlds cpl b ol 039 (Juo)> YO 1 £0)

ol (6 kol &ilolus
axdlled yg90 slasyie Lol 1> obj,l dglio Jolss g <1381 Joaa

sog eolals A Los! R . LE U
x—”‘é’ o olewly (AELQ) (PELQ) w’“s&i %r’ ok $3 o)
ool 5,5 (ao2) (e yd) oS P &P SElPSe

(22,9) (AE) (e ,5)DU) S5

(2,2)
(e 2)(CU)

V00 SAIYE V¥R FY/¥R \ZZAN o¥/00 Sladgle ) A

YSINN VYA £IVE £IVE Yo/as AN Sladgle ) B

VO/Y0 AY/5¥ Felon Feloy A AN ladgle @) C

YE/Y Yo/sh FYIVE FYIVE YVISD OV/PA - sl

ST} sty o _olis b g yghaio PELQ (YU Lo o dutnans bl sl L) g o] b coMSutio 02355 PELQ e

S Cannl 35 cgd Hai 135 aST rumwg dalaio ) NIRN by o JoB B 1) oS PELQ jlade (golasBl LYo &y laojgpn (S0
Ten 5 GlaST) cusl eag Jlai sa Ll 5 (Sl 3 PELQ o8 ko daiyin ials” o 4 o (o gyl 5 Canlio
canliols sl b YL s b Sl da b 15 s _3lgiS, pie ke Jalge 31 (b el S0 ol yilS ol (VoYY
s ) 9 o cunlisl @jg5 cage Wl oo il Cawpdb Sloglas 5 ()bl Clias (Sogu 8 omimen 3L 6 )ll alsles

! Application Efficiency
2 Agyeman et al



70 Ol 9 By | voe (sl pie sy LloT (slopiuw o pSloc b jyl

e S5l g da J3b els)] ials o lad 8 5k 5l o i (SIS g conlnliy 995 (il @) 0 2,08 Gledd tlS
O aidgy VAVA IS g b o) asly axils O wlal ials g PELQ Lol 3 i 15l lgs o cde 3o basl i b canslize by J3b
adaio S g oly; blys b )bl alobs b 5Ll pac osimd jUis PELQ (b jlade (3)b j1.(V+ ¥ ()l 9 (JS 503 VAAY
o 48 418 o 106 Slivo (sl il 4ty o i (15 5 O g siio b Wliso 90 (il oS
(VA g5 5 g 555) 39 o o ool nlS ol oo 51 (52 el sl ] chnss 512085 5 ol
o o Sl g )b il cage adly) (Sanwg g VLl > (285 (G3lal B S e (Sogud aile e
sy o) ol ol 00 e i i 5 48l S 30 i & o Jlael T ol jzn o 5 o8 Mloss U I
Shb ool alob cly a5 B Hlaie 45 ol 03gs o y> Yo b VD 03950 13 53,0b g e 5l b lals a8 s o lis
il by (o399 b yielyb g3 cpl M| aSloulyl 5,85 3¢9 M3 PELQ g AELQ (4o 5855yl 5D D95 o0 oo
s B A albolw gly 9 cawl plyy AELQ 9 PELQ yiol)l polis .cuwl joo (dos 3900 Gl pols gaiod )0 1V il fos D905
oV/£0) AELQ (ke jlade sidghy (b (YoV¢) 7 o) Kot g blomjog 13,5 cyuns £o/+) o Fo/YF FV¥A ply sy 4 C
adlaio S g ac )30  dly 5l b o lol ol gollas pie oimd i 48" 3] Cowdds (10 )3 SO/OY) PELQ Jlaio 3l 505 1) (Ao
ST blgy b o 53,k s Sl )3 ity adaie ) 550 398 o il g BB Jlade &S canl ] 5 Sl goge ol ol
by Ol B ojlula ol g awile | Sl K S 0,85 O b oS ady 4l SB | ise (Ko oo 4 ol 4y
ol 0391 (65ll izt STl g ailobs (> 5Lid il s 4 gylol )5 (316Ss pae ol gyl50 5l oyl 3wl 03,55
13 ks LtmlS sl el wlobs (YU jar o bl Sisg VIl 5 15 Ssng 0 sdnlie by 1 45 Hobslan
s ol aus 5 (DU) ol 555 (315580 Gy 45015 L b sy ol 005 O 5 (3515585 tmlS” s )3 9 o 6
dilobs (4l odddusg 5kl b 5l 5wl &S 1olie pl sl 03 Ao yd B/Ve g YOIAF FF/AVL plp iy CyB A

SIS e 398 oo osalio (B) Jodo e gl 13,5 oyll (cladlols IS (gyg0p0 il 4 e ASlg e ciias JIL

26U cos o)l slaailobo 3, Sloe a5 am o lis gl cpl sl 03g) (VAAY) Wiy 5 (YAVA) LIS g pb o Lauwgi onisedl))
it a5 J36 g sloygd il sl Sl ] (silodinge 9 2,15 )8 oo o e pis g cculiol ()b ( Sagu
Gl (698 dilobw ()

A (CU) il S (1555 o0 9 YOIV 1l (DU) Ol o (316585 o (0 5eS 45 a3 0 it o o) 2 gl
J8te jlade 50 S 5 &S Ll 0030)5 DU 3 CU Ll dopd il 4 poxie gy oyl (ol 0399 B dilobs (4l ¥¥/0Y
5 4 815 o 5 0351 5l o0b s (S Slid & s o () 2988 oo Ol @i 1S (RIS ielo b g
dalasdygo (sladilobs don )3 bl ailobe pluw 4 Cod Db (WS D959 5 dilobs  Sdgmy8 ¢ 330l 5 poes clds YL /wb
3 odb 6 yglxen Ol Hlabe g JS Cumsg cpl il 0390 (o)l sladilobs losily gals Lol Jolge 5l (SO b pde chns
o cllad bl g ,lid Canydb s da ilal a5 5 olis & a8 o b deyie slacand plo & cuns |y LIS S,
Db il plSn

ool 0 dilolo plosily galS g O caleslpue SuSly el o whad i by by sl 5l S sl 5t s
35S it oximd i (SB Gas 0 (B 398 el e o 3l ol sla iSOl Pt @es &S AS sdalie (503 cow)]
23 g e e Ol 6y e Sl g S ol B ordas Cllg) S Ol 4 Altis ) sl (05 s 3 Ol 25y
seb 4 ol a0 LS oS Cunl 0as sanlie ol g Jobo o jlid cdl > 4 b I bl o Ol Bes daueS bl Sy

! Roland
2 Lopez-Mata et al



VPO ¥ oylols & °)5‘>‘“."f6)5 0y g0 b gy o oy9lis 44

S sl i bl el aSh o)lIS o die 4l lS by L Al ) ey o5 ()bl bokas slol 4 caleiS
C bl g (2o ¥V/0A) cp VL A dilobs (5550l g puoes Gl g 0 deyio (laciand jI 50> (S bl e 9 bl

)JLM Cu pdo o..\.&»bul...u &S ¥-/V¥ )]J.Q.a L)")"f"'{ ).3]):. B «bls 2 o ).g])g aslolu )l k_i.} pL Lf‘)’ PELQ 9 AELQ
S3leiSs oaimd i &S 39 0 odaliie £/ ply g Jlde oy 5 i C dlobs .l dilobs pl ) ds 30 Calie sla jisu
Aol dw 2 (gl 3o Cpl > &S Cunl fos dgtd Sl o )& ks ailole S > PELQ 9 AELQ M .l i i

39S oy ¢ yiomon D9 o Cgmzme oY Hlade a5 A Al Jo > YVOA L il (55,00l g s Glals A as e
b ials b 56 sl els,] a5 3gu oo Slaguin «slals ) (ialS gl )b 43 Lawgie e3game jd wilobw ! ) Ol wije
P Caxd ‘)JTJLM; 255 Ol 3gmgl B dcyje )3 D9 wulati w s dilobe (6)8 HLid 9 3 plol sbeS @lebu ;o bl
3 b o s S8l ol oa0Litn B 558 (DU) i 515 5 (PELQ) o 350 el o) csla 5L
90 3 Sy 5 5 e olStd €8 o it gume s 5 Dol Job 5 A6 385 Sal copene sla il
Sl sl ol cpl (glol 519,

oSy Ol 5t EalS ¢l opll ol 03,9l Cund 45 gllas guls (63, Sles slaadls oled 3 C as)i0  blie
Slobs oyl lC deyio Cato 5 Slas il Dgud o )87 o]y 5 iy £85] 4 Wlg5 oo cunl 1o DYF/TY Jolro pils b o
255 )8 02l 3590 )50 ailebus 93 (639000 S (8l camlie ALk 5 (e (5 s Sl oo

SEYL CU polis dsjie dw o g0 Cdy oo sl &S job lan cuwl DU g CU b5l oiad ylis a5 (V) Jodo b 3illas
g pdlie pychms B as)ie dilols o) (g Cundg (asls 90 a0 C asyje dlbobw cfgomme o .Cunl onis 5155 DU
2 eliS o 106 1y oo ol (B) Jgier 5o e g olas polie gy 2500 23] bauwsie s 53 A de 5o ailolis o
Gl 15 C ae 0 dilobw jd 9 3L oo 9 olad (sl yadls Golay B ae yj0 ailobw

axdllaod yg0 (gl be Ailolu 43 dawro g (£l SUSET 4 DU g CU ol awslio Jolge g 51521 Joua

&P S & S SEIPS Ca po Sl JE 9SG g as 0
(w2 43) huza(DU) (we,3) £lai(DU) (wo,3) shaz=e(CU) (e ,3)(CU)
ov/vE 54/ SAAA VA/+A A
¥E/NY OAAF SYIY IZZARY B
£A/50 vy/ay yy/aa vEI5Y C

(Sl gy Sl Wlgy o Lol e g 015 3959 dilobs dus y2 1> 0us (6350l olhe ye BB (V) S dsds g5
A3l o803 £ o s caslio il pie g o plol (Sogw b b S ot

2 el (glagyie olSid bamo b gled (sl 3 Ol 395 50 Sl (olad g Jame (o Silio) @ 9 0 (g0 dunglie
oo (e Ol migr jd das Mo B 316, pae 5l Sl oS canl b jlade 93 (pl oy WS B 5 A sladilobs i
3,8dae Jlai 4 C alobs cggemme 5 il Ol JdleSs wjg (sline 4 g Canl S WS o) C dilols 3 .l ae 30 Caliseo
e Slodats 9 3VL 2Ll 4 yol cpl ol 58 (el 5 Jaore slagysio 5 (W) (b gt o Aol 15 )l e
S o 0,3 (08 > e poo )bl (stinlo; (J3b L)



4l Ol 9 By | voe (sl pie sy LloT (slopiuw o pSloc b jyl

gl el )3 )Lid a8 da J3b Gangs b g Mol dlox | Clyrasi 5 (sloygd ()il LL B 5 A (slaailelis (LS 9000 ]2
25 )3 sted 33 (5ol SalS sl il glis)] (el g Ll 25 @b, sl

eisle; o yall uas 165 cloles calises bl 1 Lid ol s o)) st sloodld Miojls M o Lol e iy
e SIS g Cupde & S o Al 0 syslxen Ol g o shb gyll S ole S lages bl o Lol el (sl
2l asly ool lesily il 5> ol i85 W5 e

2395 oo Mot ()bl (cloailol 5, Sloe 3gu0 (sl 25 loliBl lalsges ;) osolcuwnsds (slmosly 4 bl L

Sl 0l T 5l s el jolateds oddd mulais 4dB p 20 VS B VY oy yols Sl 55 oS olfiws &8 o sy il
SIS0 3] olio] sl (gloygd (55 (sloismil psl o Syl I 26 Sl talS e oISl g0 13 Bl s )
5 lolid sy oud b lie o Slie (slrodly (i 38> Ll 5 aliio daJ3b Jlozs) slasl o8y 5 o I Jsbo o Lib
Sege 55 S lie 2]

C ailab

Aol
18 B dilebur
35
16
14 30
3) 12 25
E‘ 10 }) 1 } 20
4; 8
15
E _1’
L jg : N
2 2 5
o o 0
3 M il 4 - i
[ "“‘“) W bgl jf i o ‘-‘i e v 5 5 el H"‘“"’ =i (o) U oyl f 05 o 1 efilon =it 18 5 oilen 2 o) g o o ] s = 15 5 b crioe =)
(brma) W dogd o o il (3ailon =g ((Arsee) Lo oy Jf 21 3o O gilen =7 (taeone) Yo b3 51 o o2 ool e =

axdlbed g0 (6 bl dilobuw aw 45 (A lub  Tluwbxe jlade b oul g w5011 0l yisey O Gos (il dawlie Y U0

a5 amd o (i C g B A albolw aw glp cleis u,uLoj Pyl Jogd e °“\":3L5)Sié‘°‘? I Gos polas (¥) JSis
Blg o glds oyl amln syl o (93 BB M) oaiand U5 gols ciidl ol Lu)m Jlossl bl y3 polie oyl a8 39, 0 yllaz]
CS o o iy b Dla 5 dn I3 2 Slos > gl do J Jgo 13 )t e Jymdl (IS 3v55 s Ll 5 o
Y YL B +/00) o)y (o5 i g aceld A dilobes Sloss bailobo oyl 3 Ol mjg (3165 ol Coge a5 ail ol
ol yusio yio Bl Y0+ B (0 C ilobw g o yio Bl VY+ b +/Y+) &S o g 5 3asnS (505L S5 50 B alobus of yio sl
by blogs g 35,50lgS C 9 B glaailobs )l |y el s SwisTy, o jlié el Jlazs] dfww oo DY Jsb LA ailolws
ol (Bplol (S A b ol J3b glis)l) (oo Jalge 31 b

Canydb Juasl b daolol (S Sim sl daJib ol Sl lg e (35 slaoyd g lnals) banlsges j>  SSL ol puis
S5l

78 )55 b i pas 3l bl gl A ol o il g sl il (slayisn 0 L8 (dloyd g
dg>g90 )L.uB l) WL.A.A oK G o W..Lzu L;J)J.)L, 9).0:.; wmlf ‘_gl).s o 0y PJL’ S ygo yd um.ob &hu)] L)"“ml{ ‘(J"LJ‘
>w &% df”‘?‘s" s 4 lb
S9580 ‘) v‘ 3 g>‘75°.. 9 o'w‘) 93 umf 1y blog cul (o3bj 9> b g oo Ln’J)L’ Candy & (S § Sy 5 L5
- ks “":‘: > <



VFed ¥ o los F 0590 cof (559 0 pr 40 4id piney 5o (5y9LiS ZA

A aileba
B aslobus
Callslwr 12 35
25 12 ‘;) 30
% 25
# 1 -
31 ® “‘% Y 20
i, 3 8 —
3* 3 4 s
i): 10 A e _1> 10
— s 2 5
o o 0
0 100 200 300 a 50 100 150 200 250 0 200 400 600
(o) glayie allolas 5550 5l skl (o) (glas i ailolas 35 0 1 sl () (gl ic ailobus 35 40 j1 akoli

anlllaos j90 dilito )3 (oolaud g0 ds B boB )3 oadisglaee O (ST @595 € S

sl g ST am3 o Lt aeo Stalesl (6l 9 C 9 B A dilobs s (sl ]y o ogd Lawsgs (8L )3 Ol e li (8) S5
el 6l &y bipyo cslasialy 5 (5005 5355 i J ol Ll il ply ol Lyt Jogh > 8,5 o s 8 39500
lals dgng cilols dus y 5> 395 0 oo () JSK5 ;0 48 yobo o 33,5 oamliie Ol @i > 2V 3160t o8 ol oas
Iy (o sl ¥ b /0% ) ol pois asold o 5 i A ailobus sl (lasyic Lo Jobo j3 Ol @iy (319 pae oaimd )l oy
5 (1) B Gladilobs ;> g (yo Yoor dgin) Cunl 555 A dilols ;3 Lo Jgbo 5)b (55391500 4oy C 4 B slaailolw 5 3,1
s e olos 3 0 cslady Jgb A st A e 15L) 55,5 Lo 5 £l b ploalobe 3 ol a 1++) C
U g% o) gl Wl sl 003l (6,95 5 godge ol d ST el 5t b ey g Lid 2l o Jla]
b o)l o il il (Beiss p (g e b b lre cudd ol Lyl 0 o S50l 3l Sb il g jlis cdl ol as o
ol dg gl o> o i flads b sladilobw po jlid cdl gl oS ub e lis « Sk polie 5 ke slrodly lojer Juloo
el b swome (2l ) Wlgi o a8l pl 2980 DU (bl )3 (g BB (Al 4 ot «639)9 Ui g Cop Ly
elmosiiS S |y (S )Lt ) odlital b lmo Gl bl )3 JLtd oalais 3,8 1,5 ool 3,90 pobiie 5,3 (65l cloailoles
b g o Slebo 1 lel gauple; wlos)S Jisee 1) (idly (6650 & odogy b odidcal ol paigs 9 (wyp lid
b Aalgd aalobs Ol List (Bleis ol el ( 58,8 b i o ol g 1 (loygd (awyib syl cand Bl

alobo ;> Llaslge OF iy 3 (Keal 555U polie L C g B oA olKiwd dw o a5 amd o Ui 1o )dges ol ¢ S yolods
d50)> o Sy 395 homad Lol 1035 (£ 508 aieh C g B sladilob ol oy s ety b Jsb o 4 A
il 1) Sllog opl oo bl (5 5 (b Slagsbe) 68 4 L 2gd o0 gl 1y olid 385 e 5 &)l ool
S dgup |y (65ll el g ol

C ailoluw
B ailel

30 A sl

e 45
25
a0
L =
) i g
'j’ 1 ¥ S
10 *‘E‘, 10 4’ B
3 ? 3
5 ~ s o
0 5
0 200 600 900 E o
L o 300 600 00 ) 500 1000 1500 2000 2500
() glasbe dilols lasms Jobo (e} shz e ailober ams g (yonh gty labes las Jsls

adlaes g0 albie )3 (e O ypodr B Db 43 s s glaen O (ST &5 -0 SIS
Ol S (31586 o ps Jolis a5 i 43 )5 s )3 gyl slaaslbols bl (sl il (slayadls (gaios (pl
(AELQ) ol @) » (#8ly ploly 9 (PELQ) ol @) 52 2,8 Jusily losily (DU) wje (31985 (CU)
@ Blg o YU Hlade cpl aS dgr (1oyd YV/OB) (5300L ¢ poes Ol cp 3 YL gl A wlobs &5 ol lis zols g 0



74 Ol 9 By | voe (e oy lol (slopiunnn o pSloc b 5,/

9l @i (BleSs pae s 4 sdes b 4 45 (loyd SAFF) cusls 15 (6508 38 lesily A dilols IS sbods 0L
Olely YL 5 (o )p2VO/YD) (S50l 5 pses Glalh oy iaS C dilolu cunlio ;5 g badlg) i g b 5L (Sogm,d
31 b J5b s )3 cunl 039 039w 3 SS9 9y (s)lile 4as I C ailels ly oLis 1) (dop> AF/EY) Ol 5,18
C dlolw o a5 s 0 s Slie (sleodly .ol oids saalin dilobs > (5505 (5395 b ol g wlawsly (g s il
ol i 3,Slac 5 5Vl g8 SIS 4 i ol ) o5 o yipS 5o ol 9 4 Copu Ln J Joo 125 8
el i (gloyed Sleladl (€ wlobs jd a5 md o i (6l Bilgw g wlobs jg3l ol b Slise (sladnlas .cuwl ouis

Ol ials o (clodiS sl (8 cfadge (pl Cunl 0 plosl (655 i cBOb guis S g b 3L (6 oub g« s
ol dily el iol380

5 o 4o
oledly Hlade € ailolo )0 b Cund (gyig 3,Sas & gy diwilys 538> ()l g g Ak s 4 C alole
sob & 0 (doyd £e/4)) (AELQ) (ol ) 0 (Aly plely g (1oyd £4/+V) (PELQ) ol a0y 50 30,5 Juwsls
wlolos ¢ bl d9s (65900 e Sl LzalS g Ol pedless wjer odimyyLis a5 3¢ anailobs plus 51 5YL (clalasMo b3
5 (30> YO/AF) w595 (319G aile lapadls plo ) o(suoyd YENY) 3g) 530S bws (S3,0b g pwses s o ;> oS B
w0 S pde OMSUe | (8L Wl o icars opl o L 1) spcans gl (o> FH/VYF) 2,8 Jdls Loy
oS Aimd g Lt @l Cunl 01 Ol SIS 18 555 4y e & AL i (Saguyd g lailel ) B oS L
g S sl e 5 e B Sl 15l o5l o &3 o0 (slasl |y LAblia 5 oy sl (slaslal
5 cwlio sla 50 Obesl da plol [Lis 58> ool 4 da g coni ) gd 0 ()bl o]y Lials el aiue ol o
e Sl o el oy 2Vl ot VU 2y et b ol 3 3L 5 31 Sl sl il gl il
S oS g odlatwl (ladlg) 5 W J56 dile) 0dgm y3 lalad oy g5 5 ladilobu (4loy9d (w3l 3l L daailobs 5 Sas
0, S0es dgupe (gl b Al adllasdyge dilobw dw o 0 3 Sles pyins lesas C albols & o L Gudoo oyl
Slosty Caanl | lebs L5 Cypto 5 pliio (5005 (S (silutinge o Ll b (blis )3 syl soslol
L ol 30 51 (A Sl ) YL plad b ool > 350 Sl cingy (ol ol ol ety el oy
2 Hkis cdl as ol L puls (pzad Wy JBlas 4y (55,0l 316 ded ealaiwl el cuad glas)l g dgame il a4l
5 53 bl Jgo 9 5128 b 390 Sleiy ks ol JIS,55 PELQ (f8lS y; sits 5 & bl Joo
b)) s DU 3 5,8lae dl jlas &8 ladibols o o] 2 ogdle 35 (5)S55 SWlaol cdl 5 IS g5 8,5
153 IS Gl 5 Sl 3], s plsists M5 da b Cands (Siin il 5 L sl 3 )b

Do a8 )3 Sy
03294) bl calio A ploj 4 dag g loailols )b oty (oguas )3 laygill g ol3,9WST Ubjgel 1)5y9laS” Ubjge]
sl 4zl (659US syg0 00 il g o Ol ialS p> (3b5 b Wl oo (b el

SN Sl Ne

AR WS Jgeol 51 (59
asleg] dan 1ub2 )50 £3090 cpl g lodges Cole) ale Gimgly cnl L] g plosl )3 1y (EMS] Jgol (5 dia s

sl J)L..wo g ul“" dL"’u“’ﬁ’u‘“’ (Y g o d)’L“’r"ﬁ%‘.’-" 5 ULMS; )9L> & QKMF dodd



\F+0 ¥ O)Ll»::‘? o)sé‘y/—‘;);o)g).’w}.iﬁ‘;&‘;);w V'

&bo oy
315 glie oS alia oyl g Slelsl o L

S il
Lol 1) Y sy sladilobo 1 (g)lop0als ojlal 457 lae ()90l g Cario cuiS I S5



A Ol 9 By | voe (e oy lol (slopiunnn o pSloc b 5,/
&Qbo

ol aleles (S0 ol g pses lal gildae 5 b5, O 00,3 IS (L5 5 couzme «B5h) il o domn>
AANYY (O S g of  cbli> glejiegy alxe e adkhie 0 glajhc
https://doi.org/10.22069/jwsc.2020.17532.3302

Slals g5loJae 9 S ymte (ilol b el S ailols Sl 5,1 VYAV 30,8 oIS (6,155 g e puls ¢ G cduzmo wdyh,
MNYAYY DY SE 5 of pleo cbli> alxo . lae adlie ;0 ADF 25 Jow plol o (Sop ol g s
https://sanad.iau.ir/Journal/wsrcj/Article/828917

Olw o 10 g 5kl slaailele o Sloe ob5,l (N YAQ) L5000 «5 597 § el poms (ylg5 ] pdiel ( IS coas ilal g5
https://doi.org/10.22059/jwim.2021.300563.784 YAV-YA0 (¥)\ + «s,lo/ 5 o/ Co puo almo . yl00n

Olpl e g, i ol ollin] s cov gylol sleteew b (YY) Ll wolide
https://www.gisoom.com/book/1775759

S Sl S S 65kl laailoles (o5l 5 (guoy 2 O YAR) Siign i pod g g by yme s (b8
http://dorl.net/dor/20.1001.1.24763594.1389.14.54.1.0 \-\§ (0F) V¥ (S 5 o/ pple almo . lws S Mas
Pz S Sl gy O FT) s mrBgyme g e Jole 0350 A g (o gl ig35)5e b s (liRS Wl i o0y S
5 kol potige (ig ol 420 55,5l0S ST (SOl 5 S Sl )l Ol Soe s i el
https://doi.org/10.22125/iwe.2023.381413.1700 MY\« YV 0/ o

Sl r 00l Gran 590 9 lasie ol slaabile o Shae (owyp (VF-Y) . e (gobljg b (od g0l o5 0L
ARANEE (PN ol o s sl pedige  iegh ede ai Glew olel gl
https://doi.org/10.22125/iwe.2023.173252

30 slasyie ol sle alebn o Shae S GIPSRV- S PR I QI I V) RPNV Np-S CRVE k| SURIPRLUWE Spr X\ 1P P BV S P | SO
https://www jewe.ir/article_51757.html YYF-YYO (Y)Y o/ cwdigo g S oo ol Siglite oyl o


https://www.jewe.ir/article_51757.html

\F+0 ¥ G)Lb.«:l N 0399 ‘6'.—"—‘5‘)} O 9¥ MM 6‘63‘5);1-& VY

References

Agyeman, B. T., Bo, S., Sahoo, S. R., Yin, X., Liu, J., & Shah, S. L. (2023). Soil moisture map
construction using microwave remote sensors and sequential data assimilation. arXiv
preprint arXiv, 2010.07037. https://doi.org/10.48550/arXiv.2010.07037

Alizadeh, A. (2011). Design of pressurized irrigation systems. Fifth edition. Astan Quds Razavi
Publications, Mashhad, Iran. https://www.gisoom.com/book/1775759 [In Persian]

ASAE Standards. (2003). Test procedure for determining the uniformity of water-distribution
of center pivot and lateral move irrigation machines equipped with spray or sprinkler
nozzles. ANSI/ASAE Standard S$436.1 DECO01, 931- 938.
https://www.canr.msu.edu/uploads/235/67987/ASAE_S436.1.pdf?utm

Ben Charfi, I., Corbari, C., Skokovic, D., Sobrino, J., & Mancini, M. (2021). Modeling of water
distribution under center pivot irrigation technique. Journal of Irrigation and Drainage
Engineering, 147(7), 04021024. hitps://doi.org/10.1061/(ASCE)IR.1943-4774.0001571

Brennan, D. (2008). Factors affecting the economic benefits of sprinkler uniformity and their
implications for irrigation water use. [rrigation Science, 26(2), 109-119.
https://doi.org/10.1007/s00271-007-0077-9

Darko, R. O., Shouqi, Y., Junping, L., Haofang, Y., & Xingye, Zh. (2017). Overview of
advances in improving uniformity and water use efficiency of sprinkler irrigation.
Agricultural ~ and  Biological = Engineering, 10 (2),1-15. https://doi.org/
10.3965/j.ijabe.20171002.1817

Dechmi, F., Playan, E., Faci, J. M., & Tejero, M. (2003). Analysis of an irrigation district in
northeastern Spain: I. Characterisation and water use assessment. Agricultural Water
Management, 61(2), 75-92. https://doi.org/10.1016/S0378-3774(03)00020-9

Faryabi, A., Maroufpour, 1., & Qamarnia, H. (2010). Investigation and evaluation of classical
fixed sprinkler irrigation systems in Dehgolan plain Kurdistan. Soil and Water Sciences.
14 (54),1-16. http://dorl.net/dor/20.1001.1.24763594.1389.14.54.1.0 [In Persian]

Hanson, B. R., & Orloff, S. B. (1996) .Rotator nozzles more uniform than spray nozzles on the
center-pivot sprinklers. California Agriculture, 50, 32-35.
https://doi.org/10.3733/ca.v050n01p32

Hoseini, Y., Raoof, M., & Nazari-Gigloo, F. (2020). Evaluation and Modeling Wind drift and
Evaporation Losses of the Center Pivot Irrigation System in Moghan Region. Journal of
Water and Soil Conservation, 27(5), 109-127. https://doi.org/10.22069/jwsc.2020.17532.3302 [In
Persian]

Karimi, N., Dehghan, D., Moloudi, S., & Siosemardeh, A. (2023). Investigating the effect of
rotation speed, rotation factor, and irrigation duration on wind drift and evaporation losses
of agricultural sprinklers. Irrigation and Water Engineering, 14(2), 113-130.
https://doi.org/10.22125/iwe.2023.381413.1700 [In Persian]

Keller, J., & Bliesner, RD. (1990). Sprinkle and Trickle Irrigation. Van Nostrand Reinhold.
New York Press, New York, USA.

https://www.scirp.org/reference/referencespapers?referenceid=599708

Lopez-Mata, E., Tarjuelo, J. M., De Juan, J. A., Ballesteros, R., & Dominguez, A. (2010). Effect
of irrigation wuniformity on the profitability of crops. Agricultural Water
Management, 98(1), 190-198. https://doi.org/10.1016/j.agwat.2010.08.006

Markley, P., & Allen, G. (2004). Sprinkle and trickle irrigation lecture notes. Utah state
university, Logan, Utah, USA. https://pdfcoffee.com/sprinkle-amp-trickle-irrigation-lecture-notespdf-
pdf-free.html

Merriam, J.L., & Keller, J. (1978). Farm irrigation system evaluation: a guide for management.
Utah State University, Logan, Utah, USA. https://digitalcommons.usu.edu/cee facpub/3779/

Naderi, N., & Ghadami Firouzabadi, A. (2023). Performance Evaluation of Center Pivot
Irrigation Systems and Water Productivity in Some Farms of Semnan Province. Irrigation
and Water Engineering, 13(4), 149-164. https://doi.org/10.22125/iwe.2023.173252 [In Persian]



il 0150 385y | voe (sl pie 5yl (slopiumn S pSKhac o 5y

Nasrolahi, Z., Babazadeh, H., & Sarai Tabrizi, M. (2017). Hydraulic Evaluation of Center Pivot
Irrigation Systems Performance in Different Climate Conditions. Environment and Water
Engineering, 3(3), 225-234. https://www jewe.ir/article 51757.html [In Persian]

Rana, M. A., Arshad, M., & Masud, J. (2006). Effect of basin, furrow and raingun sprinkler
irrigation systems on irrigation efficiencies, nitrate-nitrogen leaching and yield of

sunflower. Pakistan Journal of water resources, 10(2), 1-7.
https://sswm.info/index.php/node/2780

Raoof, M., hoseini, Y., & nazari, G. F. (2018). Evaluation of classic semi-permanent sprinkler
SYSTEM and modeling evaporation losses and wind drift in adf 25 nozzle sprinkler model
in moghan region. Water and soil resources conservation, 2(4), 91-106.
https://sanad.iau.ir/Journal/wsrcj/Article/828917 [In Persian]

Roland, L. (1982). Mechanized sprinkler irrigation. FAQO irrigation and drainage, Rome, Italy.
https://openknowledge.fao.org/bitstreams/37d3e821-2d61-4e72-bc85-0cdd9a9ad82e/download

Tarjuelo, J. M., Montero, J., Honrubia, F. T., Ortiz, J. J., & Ortega, J. F. (1999). Analysis of

uniformity of sprinkler irrigation in a semi arid area.Agric. Water Manag, 40 , 315-331.
https://doi.org/10.1016/S0378-3774(99)00006-2

Zare Abyanch, H., Danaii, A. , Akhavan, S., & Jovzi, M. (2020). Performance evaluation of
new irrigation systems in Hamedan. Water and Irrigation Management, 10(3), 381-395.
https://doi.org/10.22059/jwim.2021.300563.784 [In Persian]

Zeyliger, A. M., Ermolaeva, O. S., & Pchelkin, V. V. (2023). Assessment of irrigation
efficiency by coupling remote sensing and ground-based data: case study of sprinkler

irrigation of Alfalfa in the Saratovskoye Zavolgie Region of Russia. Sensors, 23(5), 2601.
https://doi.org/10.3390/s23052601



https://www.jewe.ir/article_51757.html


   2 3 L


     E w =    d w   d i ×100=  ( 1-    d a   d i ) ×100                                                                                                                                                                                            


      E  w


    d  w


    d  i


    d  a


    d  i


    d  a


  CU=  ( 1-    ∑   |  d i -  d - |  n  d - ) ×100                                                                                                 


  %


    d  i


    d -


  DU=    d q   d - ×100                                                                                             


    d  q


    d -


  P E L Q =     d  q    d  r × 100                                                                                                                                                                                                                                          


  %


    d  q  


    d  r  


   {    AELQ=    d q   d r ×100      ,                 d q <SMD                                                                          AELQ=   SMD   d r ×100   ,              d q >SMD                                                                        


  %


  AE=(d/  d r )×100                                                                             


  A E > P E L Q

