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June 25, 2023 system in some fields of Semnan province. Also, the amount of water

consumption was measured. For this purpose, center pivot irrigation systems were
studied in three fields. Average potential and actual application efficiency (PELQ
and AELQ), distribution uniformity (DU), uniformity coefficient (CU) and
evaporation and wind losses in the studied fields were 69.1, 67.2, 76.7, 82.1 and
7.6% respectively. The average of the above parameters was good. The operation

Keywords: of center pivot systems was easier than other sprinkler systems due to the
Efficiency, Uniformity, | mechanization of center pivot systems. Technical problems in one system
Water requirement, reduced uniformity and efficiency. The volume of water consumption in field 3
Water volume, Wheat was less than the irrigation requirement thus deficit irrigation was done. Irrigation

water productivity in alfalfa and wheat fields was 0.92 and 0.79 kg/m3,
respectively. Paying attention to the irrigation program, observing the appropriate
irrigation frequency, night irrigation to reduce evaporation and wind losses and
paying more attention to educating farmers on proper operation of system were
the important factors in increasing irrigation efficiency and water productivity.

1. Introduction

From the results of accurate evaluation of the irrigation system in a field, it can be concluded how to increase
the irrigation efficiency in the field (Ebrahimi and Abedian, 1997). Ghaemi (2004) investigated the hydraulic
performance of a center pivot irrigation system in a wheat field in Shiraz. The results showed that the values
of CU, DU and AELQ were not acceptable. Nasrollahi et al, (2017) investigated the hydraulic performance
of the center pivot irrigation system in different climatic conditions of the two center pivot systems in
Shahriar and Eshtehard. Based on the results obtained for the center pivot system in Shahriar and Eshtehard,
the values of CU were 70.2 and 88.2% and the DU for the studied systems were 47.87 and 81.3%,
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respectively. Fargh et al. (2017) using remote sensing, examined the performance of the center pivot
irrigation system. The results showed that the CU in this system was good. Due to the problems of water
shortage in the country and the development of new irrigation systems, including the center pivot system,
the evaluation of these systems in each region is necessary to identify the existing weaknesses and eliminate
them. Therefore, the purpose of this study was to evaluate the center pivot systems implemented in Semnan
province and determine water efficiency and water productivity in them and provide scientific and technical
solutions to improve the management of these systems.

2. Materials and Methods
The technical evaluation of the system was performed according to ASAE 2003. Distribution uniformity
(DU) was calculated from the following equation.

(1) =fx\..
DU I

Where:

X: Weighted mean of one quarter of the lowest samples

A: Weighted mean of total samples

The uniformity coefficient (CU) obtained from the following equation:

Xisalxi = xS
(2) CU = 100 x 1—‘21LW
Where:

Xi: The amount of water collected in container number i

Si: The distance of container i from the center

Xw : Weighted mean of total samples

Application efficiency of low quarter (AELQ) is calculated from equation 3:

3) AELQ=% x100 The AELQ indicates the system operation problems. In

equation 3 if the value c;f Dq is more than SMD, the value of SMD is placed instead of Dg (Ghasemzadeh
Mojavari, 1998).

The potential efficiency of low quarter (PELQ) is used when the system has good management. The PELQ
is calculated using Equation 4:

4) PELQ=24M2 10
Dwmap

Where:
Zigmap: Mean depth of water in the lower quarter of the land, when SMD is compensated (mm).
Dwmap: Average depth of water used when MAD is compensated (mm).

When PELQ and AELQ are equal, the farmer has used deficit irrigation. Wind and evaporation losses (Ls)
are calculated from the following equation:

(5) Ls=DU - PELQ
Water productivity (WP) was calculated from the following equation.
(6) wp=1
Where:
Y =Yield (kg/ha)

| = Irrigation water rate (m3%ha)
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3. Results

The results showed that PELQ, AELQ, DU, CU and L in the studied farms were 69.1, 67.2, 76.7, 82.1 and
7.6% respectively. The water consumption volumes in farms 1 to 3 were 4688, 13148 and 10120 m?
respectively. The average volume of water consumption was 11634 for alfalfa and 4688 m3/ha for wheat.
Yield in farms 1 to 3 were 3300, 11100 and 10000 kg/ha and water productivities were 0.7, 0.84 and 0.99
kg/m3, respectively.

4.  Discussion and Conclusion
The average values of the indicators were good. Due to the mechanized nature of center pivot systems, they

were easier to manage than other sprinkler systems. Technical defects in one of the systems had reduced
uniformity and efficiency. The volume of water used in Farm 3 was less than water requirement and deficit
irrigation was done. Improving the system management, using the irrigation planning table and paying more
attention to educating farmers in the field of proper operation of the system were among the important factors
in increasing irrigation efficiency and water productivity.

5. Six important references

1) Ebrahimi, H. and Y. Abedian. 1997. Criteria and principles for designing pressurized irrigation
methods. General Directorate of Pressure Irrigation Systems Development.

2) Ghasemzadeh Mojaveri, F. 1998. Evaluation of farm irrigation systems. Astan Quds Razavi
Publications [In Persian].

3) Ghaemi, A.A. 2004. Hydraulic evaluation and testing of Iranian made Center Pivot irrigation
system. Journal of Agricultural Engineering Research, 5(19): 27-48.

4) Nasrolahi, Z., H. Babazadeh and M. SaraiTabrizi. 2017. Hydraulic evaluation of Center Pivot
irrigation systems performance in different climate conditions. Journal of Environment and Water
Engineering, 3(3): 225-234 [In Persian].

5) 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 S436.1 DECO1. 931- 938.

6) Fargh, E., S. Arafat, M.S. Abd EI-Wahed and A. EI-Gindy . 2017. Evaluation of water distribution
under center pivot irrigation systems using remote sensing imagery in eastern Nile delta. Egyptian
Journal Remote Sensing Space Science, 20:13- 19.

Conflict of Interest
Authors declared no conflict of interest.

Nader Naderi ,. Performance Evaluation of Center Pivot Irrigation Systems and Water Productivity in Some Farms
of Semnan Province



VFoY lawsli. 90 9 olxy olods o0 juw JLw

el g e

B3 00 1 B pao (590 yb 9 gy (G Ll (S w8 yShos ()
oLLo..w OLIM‘ 8)|}'°

T6obT 5908 008 sle <5500 50
VPoeloQ/o¥: Syl s,
Voo N[V 0y )b

ouS

Sy il Sl e 2y Baa b Bk al ai sge | Wil o Shes e okl lapin (231 L
S alie 0y50 Ol (o w5 2T 5L L as e 50 (B ae O o2 (aized s plonil Gl Ll g)l50 (S 0
3315l5 Jomedly loaily (uSilee 285 )18 () 2 050 de 50 A 30 g i (gl i jshite l @ 28 )S
ar (Fople g ped olali 5 (CU) 23165 o «(DU) @595 2516556 (AELQ) 0,8 o8ly lond, (PELQ)
05t 03l50 4 dzgi b 0gy st A 40 od gl as Lt aSilie g3 oo ys VIS s AYY YEIV SVIY SN s o
e 51 (SO 50 (8 OV oy seat, ShL glaailolus pls 4 s Ll 51 solail o poe Sgm i glaailoles
85 o Dz SileleS g 09 il S5l e Y as 50 p0 (B ST e gy 00 lealy 5 (S JelS el
5055 Sl ol Gy S ey p LS IV paiS a8 50 50 5 /AT Lawgio jsk azdisy £)150 10 kel ST o905
e 50 Ol3slaS (el 4 b azgi 5 (SO pol g st Sl mals jslate 4 il gkl plil el el s

25gr ol 6905 9 okl plowily Gl ) e Jole Aoz 51 s | mezmo (19 0

L SSIES o 55 e (ol (T paxe 1 gulS slosly

Olosbes (09,0L8) Gl il (ranle @lin 9 (55,9l bjg0l 9 Dliniod 5 s (65,9l (cuiiten 9 (8 Dlinion Jidu (gl Jbobiw
(Jsime 03iun55) Naderi7z367@yah00.com 1,1 g0l «55,5liS mug i g (ojgel coliiss

.o e . - . . o E | w | e . o . va e maae Al o & 3 ¥
aghadami@gmail.com .l »1 loed «55,5laS @y 5 Lijge!


mailto:Naderi7367@yahoo.com

s Ol 2! O 5 6okl (owisge (Lidgh (ool 4 pidd

YPoY lawsli. 98 g oloy o o @2 e JLi

b yolis 4 olo sl ol I3
odly ey 5 (DUYT iy 3155y (CU) o515

D9 Jg8 B o> 0 (AELQ) o 0,18
5 oleadly ol38l el an (YYAY) (goome G wgo
48 )30 o 40 Doy i s )0 o (o (31535
oy 2l 518 S50 sse 1) i (08 50
2D st )50 e 5 B (19SS 5 (SBIeSS
St sl w8 S A (L )0 09 (pllae w
by s Lo slal )l (b i 3 Slee

90 4 sl 4559, o5lal aS 009 8 slailal eiren

g sl 58 Sl b g 03,5 Ty i Ol
Sl pias— (S y000 5 Shee (V¥AF) Ul
Doy allolis g0 alizee a8l bayly s jo Sogy yiis
obslp 238ls 18 (o 2 990 1) 3 leitl 9 )b e 5o
5 LA 5O e s i 5y onel Sy b
S A 5 Vo IY o ity 3aiSy s e o, g
R 090 Sl lp @) (SE1SH jlade
3,5 Hledily ol sy auoy0 AVIY 5 FYAY (s S
Cwds 3o, AY 5 AD s S lapinw ol sl O]
ol ploadly Blod g 0g VL L s Jlade 45wl
odd duwnlore yolde Lasiils WL‘\A Coxdg LBW
e pi—s—w sl (PELQ) Yo I8 il loadl,
5 Cewd ) O Jou8 BB g oo 0 PO 5 ADIY S
Gz 355 g ol sy LS w8 (WYAP) ol LSn
R sz 2550 15 655 10 Jlgd Shb ke e
Lguslos_s 4 QT e ‘ﬁgly_i.; 2 aald
N gAY oy e g Jol slo ey (5T o5ladl

355 iy (S 1eiS o md eimred ] s duo o

L - Uniformity Coefficient

2 - Distribution Uniformity

3 - Application Efficiency of Low Quarter

4 - Potential Application Efficiency of Low Quarter

S 59 Soll s G280 ) @l s,

bl plonsly wgS 45 ams, 4S5 cnl 4 Ol o 4250
VIS 45 0 425 ol dzgie g ol Lml3al 1) ac 5 4o
2 5> Ol Ll g oas o slasb ax 5l 6)L]
o alys gyLol yleasly dgagy el piams Slasive
Ul g 0t cenlin 4250 Co e axilir > b
4 Ol oo o bl (8L L asl (b 5l sl
9 Sape o JELE A5 50 j0 50,5 eladl T L
57 o el o Ssue b a3l s 51 551 0500
Ol g edle oo S 5l cblas g IS ggp ol o
el adgs plead) (28, Y 5 Jo—ame (il el
P YL @iy GBS OTVE plale 5 (conpl phod
SS90 8o 3504 55 Wl oo )kl i S
b oY¥game sy pogmarar adl ot Jole Joame
Mg glel SH5S0 50 257 Sl 4T YL )
e S D9 Jguaze CuieS g 0 Sles 1S el
a3 psradio com 05 SIS Ll
1,50 5| oo 9o 5l G 5)lal 515 9550
Solal Slapiucs (yp (Voo ( Dogd 0 55l
g s b ol las el Bl jo 0nl Tl S i
i 158y alS el s el g
Jyame 8o et jolas s () 5 052 00 O]
ool )3 il o |, ol _atdl mlis 5 ol (g0,

(Y‘ YA ‘ul)l&mmj))f”)oy

Sl s (SJgp0ne 5 Shee (VWWAY) S8

o 90 1y Slmd 50 paiS de 50 Sy 50 g S




W o &5 31 LS gl o plonl (e S
5 ole (2 5%eS Cadgasme (y90s Cu i ly 5k
e o yidin (aioe Sy Cudgasme b o poe
Gl s 95 (VYAF) L Sen 5 LS g
Olimesl )3 5o g (ly Glag iz o 5o Digey S
i 99 () s lie 330ls 8 () 0550l Loy
o Gl b ly g s (5 kol s ol Lt
Yl iy 5155 ot 5 sl S s 251
S8 (Kl pleady BT Gl 00,18 Glond) Iy
Ll el 5o aas caas plas Ol o p)lS Josiliy b
3y Olewsly Jlade jows p L ot 53 090 &)llai

D5 Se35 9 )5 Jeily lade Lo )8

2l et ofll (e sl any —taghy b
35 008 eyt 2L e 54 S
L g o 005 (st Joo Ly allis) 5 (el pokas o
Jowo o alasde g 4 nlie slojlgale sloosls ulis
Sen 5 Byl ) sl o0ls &5 o (glapmass

KARAR

Lg)Lﬁ—IW)'ImL&_wH%(YWV)QI)LinQ
AR S Y SRR JAL&G}“‘CJ&&M‘UFH
asg ol By an 55040 9 0,5ee 55, 1) 2 5L
5 Oedsl 5o 45 WS A Colyd 4o LT wsgel (o)
)05@])L~: J_o)éA‘ bé)Lu—‘ ed.?uy CA_.:'J‘Q)% Oe90
dlﬁ‘j])'@u)o?‘ l)Lg)LJ‘JMM_“wa
el Ao gl BB Sz des bl [0 axig oy

ol s 50 (VWY () 5 i)

dolio 5,40 I, FSPS s RSP ilol £45 90 gy i
ool jo O ity 35S0 o b alasde g aisls 1,8
Sl oolial b (Yo 1Y) oS g 5,8 052 simsits RSPS
Sfles Jd 09, SLbl (sl 5o 590 5l Gloxi—u

G’L“’ .JJQ‘Q)‘):‘; R Oy ‘) Ogu yidaw ngl"*’j[""“"‘"‘“‘

Olnl ST 5 )bl (i (Sidgfy (oode &y
VFoY lawsli. 90 9 olxy olods o0 juw JLw

VY 529 iy 4 pgo 5 ol sladlos o s)laloss 5o
31095 it (£ 195S cu yo ols ol gl Logs ds o

ol pw 0 Ol e Bl A o
alizes polde sboul 4y ;0B 4 oo P ol Ggw i
JL slaal 10) silse slacgz jo okl Gl Gas
23,5 515 byl 590 g g yiw p 3gec g (5L
S8y il Cees a0 Ol g (SIS

ly ol sl 50l ous Mol gy i a5 ols ylis s

A0, W LAY 5l Joud L 251958 cogame o
Gl L ol mie GBI eizren ol iy
S Loy 2 g (iblise lo b Lo
YA (5 g oyl 32)dly il o
@258 SFIES (SIS oo polie gl b
$Hl5 el ol @y 5 2l o )l8 deily Lo
i $1p (55l CuliS g b @y 0 Sl o )lS
et 00 TR 5 FU A ST VA i 5 s og s
Gl pac  ohb axs aS wll aseie LL o ol
elss 5l e oli 55l 0t e 5 (b 5 12!
5 FlaerDaisg mie—w 0 Shos (392 by (Lo
(Y8 o) Kan

aoliyp g oz Jow G (VWA LS o LS (s

et g 0dd 5y ol Gee d e gl (slaib,
Ol ivgas 1)) Sg i (5 )lol e 50 (SIS0
69959 Olsieas e J3b (6 el @355 55U 51 Joe
1y s Gl @358 (5551 5 00505 ool
iy Goe (VWAY) (oS8 5 (298 uledioo (i
Sga s 5kl pionas b g paiS olS (sl 5 Lal
Sy LT 085 s o LS cpl ahis S o |,
09 ol—aidl alies i b 4w gl e

VOF



100 Ol 2! O 5 6okl (owisge (Lidgh (ool 4 pidd

VPV Ll 90 9 olowy o )lols .00 jow JLw

5 &S ol oY GleMbl o i 31 0u03l g axxl e
2B e kol ogmi ol Sledbol 1l adai cils
0,95 Job s Lol slows ¢ Jad o j0 cily g cils
G| 00 ‘b‘)‘ \ Jsu\} B C.vLu as J...ul.u &9 A...u)
oy ploaily Jol b (8 5, 50 oLt
w2 oml Sily o p) S ooy omby SOl
9 ple) 95 @F SRS 5 G et )S (S8

(o)

|

P ey

|

[ £3Y Sledbl clls ]

|

[ 45 )3e )ouij‘sh&l.:pé”foﬂum ]

|

—

|

O (5330 2 yaans

|

[ Pl e s 9 00 dslna (i 53 1o pe O pr dny i J

iz g1yl ol o 1(V) S
Figure 1 Steps of conducting research

(197 9> 50 s (nl )3 (SEI5SH o b ol (L
Slewly 0,8 sy lewsly bz o oils 13
g s el Sl (S0 595 9 0,57 (8lg
Ao, FYIY o YE/8 XY oy 4 ol Juad Job o
@S Bly leadly og bl cde ol e wody
A 00y et s 33,5 0950, o i JSie
WlBws ey il 38 et 215 0 YU (sl
Biz 5 o a9 sl da il Sl s
el g on il calizee slaas 5 51 oolaiwl da Sl
oab olgr o oS o 5o b clite O jlada

QYA os S

Sgey yitos s o 1 L8 Co 6ol lapiacn
Bl el gl aiate jn 55 bbpin ool o5)

onl Ban 1wl (55,5 il 28 5 0990 can o
Ol 53 0ad T2l Sgey i lapiosn (2b5)| (gl
slo,Saly atl)l o Ll 5o ol 650,80 et 5 Lo
i (2l S e sl Sgne S (B g (oole
.0}3
595 g Sl

ol s 2 g5 50 G (]
Gl U e 5 plomil liomes il )3 g i
oud oolo plad v Sl o O leeld O o 4 Budod
Iy adllae 590 &)l50 (sog0e Oloas io ) Joux .ol
S bl b Billae i (38 b)) 0 o i
D plomil 55 0T (65,51 (yazmil i (poel
0y Sordy () p Slp ez (Ve Vsl 6l ol

b o)y damsgs pimss 51 (6510 00 00 S e 5 o (555



Olnl ST 5 )bl (i (Sidgfy (oode &y
VFoY lawsli. 90 9 olxy olods o0 juw JLw

ous axllao Jl,L sobel S i 31 (6510 p0 p0 4 gy o leMbl :(Y) Jgu

JSolaws b oy Job  clbpb clll &)L
k! Gs»)
'Y YYs als =10 obly
Yy Yy obly Al 10
vf V00 JIURY 255958 )

Sl e o) g5 oded
(Lse) cns Jyaze  as)5
o8 e vy b paS )
g 2 A axig o axiy Y
=9 Yo e dxig Y

(3w0,0) Slhb ol sasbobe Ly sl jlxe soguaxe :(Y) Jgu

33,8 Sl el

AO-70

&5 S8y SIS o

Ae-FY AY-AY

s g8 dilas mhas 1y ] 5145 il (o>
e D55 (oo o (Bae wlg) e (oo 4 oS
0 dole 5 alal) 51H(C) ladiged IS 555 (eSile

{(ASAE 2003) o5

Q)]
il o oS
9 Sraiged (xSke A
bdiges slacl ggooxe :B
™

W

i &S

ladiged cp Bl plaa S (Jis (eSile 1 X

lodiges S 355 ke : C

ol o Cowdy 5 abuly 5 (S19SS o pS (e

Yi=1lxi — %, 1S;

D)

CU=100x|1—

o)Lo.JL s_‘!).la 30 00 o g_j u‘).uc Xi dJag‘) u.»] 5

Q.:.iil.yoxw 9}5ﬁ¢h&}|io)w d)la ddalési ai
il e laaiged JS (S5

655 5 ool plan ol d_bog izl 5l

goz ol oz e 5l Gy Aol 505 550 Lo logd

G e pd g iy (SIS
L) b g &k i L)
oS Slowl ) Eglie (glojlail b SeadS gl
(e 295 o0 a3 )5 alols ol j92e0 aball 5| 4z o
OiBu (seaimd Lii Wiy b e &8ly ] )0 ladiges aS
25 0 s ysleer ol e wilioo () 5l s Es
2 dledised (05 (Ji9 sln )5 (Sig b ) Lo bgd
Lol ol bgypo af (o0 S0 b il 51 S
oo 3l alols Lriyl 5o igd oo Cnslesl Joms 05l
Lo bsd 5 05 (055 e o # Jolsd 4 STz b joome
SBO039 Sy (el i8S 18 Lagee Joee o
o Sl o @y 35 10 5l la g8 (51350 lats
o)l ol 35 50 Caos 1 ol (g (nlpl Bl o
5 o (g IS0 leds BT g g5 0)las pgo (bgd oS,
9wt sbgd Uz ojlads jo (g 2 19,0 O e
ol sl (ST o (559 ladiged i 5
2 bsd ol e (sl (DU) ©f 5y (251555
Slasi pylezr S g 0B e JoE Sjgme 4 i3 2
o )locs Egamma s Slacl sl Egazme g 0ot lax Lyl I Lyl
Cwd s 338 08,5 quwis o )] 4 bgsye slo ogd
ladiged 2y el pilez S Sis oeSile plos ool

axlg ) d e sdel S 4y dae axlg og dalgs

\I\Y4



W Ol 2! O 5 6okl (owisge (Lidgh (ool 4 pidd

VPV Ll 90 9 olowy o )lols .00 jow JLw

9 &8 I8 O gl Sl g 5 (Sl Dlal
S ol SDog oo dline Gl Sl il Glondly
I

Sl g s wlili = DU- PELQ ®)

a0 Ol @2 (s

bl 150 51 S 52 50 (e O o2 e S
Sl i Sl O a5l gy o0 e
Gao by L dejhe a0 (53959 ol (00 Glime et
shasi wslel 9o sl Gley) ae)ie 5kl asli
25 Tl eizmen 5 (0B 0,50 Jsb 5o 55kl Sleds
Sl Jsame ,Skes 5 (Brae O 2 ¢ Jpuame coiS
Ot Sl o it Sl cdine £l Sl plaS e
250 de,50 0 ol 5l e e e 0 (B Ol oz
o) oy U0y salls Vo o wils slaools bl
20l b g daloe Suile poiy b9, 4 (o—wliBlga
Ol 2l 5l QLS 5 o wis 3 a s W) 5L
abal, 5l oolatnl b O (6590 500 2l ol anglas 2l
(VY0 (5,00) 10,5 A= ¥
WP=¥ W)
rabayl ) ol o
2 eSS o Slee 6l lel ol (5550500 = WP
(e
(LS o 0 SLS) Jpamo =Y
OESe j3 caxSoyie) 5kl ol oliae = |

olead], Jel s oo alaol (slog ySojlol gl

SIS b )5 (HBly Lol w0 )5 Jemuily
5 8 Ol 5 om0 2l @ 5 ol S
ool 00l 00,51 ¥ Jgaz jo alites £ )l50 sl (Sl
OSle 00 S et Jooz (nl )3 45 S Lo
AN 00l gy 1 St ;0 0 )5 il lensly
Bl (o0 a3 PVIV (ool @y 028 (815 el
Gyl wgie D5 DUS CU polie )y opl jo

A8 (65 5l 2 e algiul 5l eolaiul b la Jogd ,o ous
gl 5l eolainl b islesl alol e 5o 55 ol e s
ol Cowds ddlaie yo 0 L

o=l @y <! 0,8 (28ly lendly s (sl
139 oo oolaiwl ¥ akal, 51 (AELQ)

AELQ=—!x100 )

oyl b @y 5o 2l o p)l5 (aBly bl by e

Sl ST0)l8 i 9 )5 09t Co e JStie &

Jhaie Dy sl (398 dlslas jo 0l yizes SMD 51D
QOYYY (55l 00l puold)s )5 oo 1,8 SMD

(PELQ) ol @25 50 &1 29,15 Jumuiliy oylosil,
cillae sl omb @y o ol Joailsy londl, )
Gos a5 (289 «ogm Co poe S b pi o S
g oo ooliul bl oad ] Gyllas &9 (6]
D ala, 3l eslii ol b ol ) 5 ol ety Lo

D9 oo Ao

Z
PELQ= % x100 ®)
:QT 50 aS

ooy s 5 438Ldgis Ol s (Siles s ZigMaD
(mm).asb oas ol SMD a5’ Slej ¢ ool

MAD o b 5,8 o Gos awgie Dmap

(mm) b odds oyl jum

SMD > slp S ojladl a5 Lol a5 Slo;
Cwd aa ply o0 WAELQ 5 PELQ st ploxl
ol plxil (g )lnleS 5ol Copndg nl o 5 wlise
el &y 3 2l Bes o S g0l o o
OTAD wdliule) Ewl a8 SMD 3l loaiged



55kt Jabe 51 G ¥ o) Ll o bl 5 L oL
4 bl (2 e 0l 50 091 i () lie
s s il e il ol sl
Oy SISy 0g iy 2l slailal 5o k]
25 (98 BB e Doy s lagis )5 lagie
ooz 10 Y 5 ) lapi o 35 PELQ Sluie
s A28 oo HLES 1l g 09 duo 0 AB B PO o lastinl
9> Sulhas S9zge 2l)y Ll B g ey L S92 90

el 00 oLl g 5 Ll
o, PO 5 VLY 5 ) slapiwaw 0 AELQ polis
500 Bk 5l og o ws 0yt Capas ol ade oy
Sl ol o g 0090 32U PELQ 5 AELQ odlis|
P oomb el ladar s oe5 o Sles ol o aS
el b syl slowlelns L 4 s il
FS 8l g etes DL Do i Glaptacs ;0 095 o0
5 oolitl Wisgas 535 (Ve +#) watilo o Ly oy
Wlolos 5l 4 Doy it alob olas ()Ll slagtle

Olnl ST 5 )bl (i (Sidgfy (oode &y
VFoY lawsli. 90 9 olxy olods o0 juw JLw

el s aao )3 VEIV g AYIY ply od 5 s e
3 i Olime 35,5 on Alible o5 4 olen b
5 e gl L aS o il o aoo VIF _So by
Sin 5 (V) o) SKad 5 g, ()TA0) o LSan
Sopolig poes il ol gvon (FV) wigil
S ;o SIS0 205 e 5l (S s e
e ol ATl s (63 s 3 ol aulllas 3,50
s PELQ o—& o plzsl SMD )], (sl (S8 o)l
Candg opl 30 &8ly ;5 ailods] Caway ply o L AELQ
ol 5,5 o ool al ()loleS 5l as e 50 ol pslsS

asle (1FA9) ylSen g JSoas] gl alis mb
CPELQ slomsl (ufils st ol 45 ol los
e 5 aseab bl el 0 DU s CUCAELQ
Joolie T Ceaudy ds s YRV 5 AT/ SVIY S il
5o bl S o Slec a5 v o lid by @l oyl
e a8l s az g Loyls S8 a9 Can 2
LA oo (5505 (555 0 il il Sy 5 gy oo

el g by ol caly ol p— Ca s

(3w 50) ool axfllan O guy yidew gS)L.':fT S (S DU 55 o ol (V) Jeus

g ol ol Bl gl el gl cepe (Bl ojled
e oS oS Sy &I 4y
YIA Y./f \ATAS AYIY MY \
AIY 7y YYIY AYIF A¥ Y
e lAlE Al I FAY- Y
YigyY FYIVY 7a/y . AYNY Y#IPY OeSileo

2 skeleS o5 g Posgy S5 gush, d5ueS

a5 0 g ailelw o ;ﬂ Sl ol 00l8l 5las] ac 50

Fae Jolge 51V 6)L.HT 03° 9 L“’u*’l*j OBl (o0 g ,Lad
CA__....:)Q w).n.\.ao L: u.:‘).:Lu | od% &9_..09.0 U"‘ >
5 oz ol usliel ]y Lg)lﬁ.gj oleaily ¢l oo primi—
a8l caws olin b 4 (VYA0) )5
S L 0T i g (b pan O p2ee (5 010
uT g;b w9 g$'3|5

Eole 33 Br—ae Ol g lawgte gl cnl 5
i Lg)l.:..fl oA 5L o 0l s adllas 5590
oolail b L5)l,..ﬂ A L s W WRY gJ ko

2 s pled 0 @598 (19SS 9 T el > @
Jeaz o a8 aigf les auiils )18 00l disgi 00gdxe
2V i ;0 CU G PELQ yolie 0gu o ala>de Y
dy)ogiw‘wdl)o.wgyé&lé»
oeals g 5lasd el cely pimnns Sl J oy Lo
CU 4PELQ _ials au e calys 50 5 o olal oo
u‘).a.a..u ’abu‘ 9 O¢>g0 Mo @) L Q_").sLu Sl 00
ol 5o Gmizen il solys il PELQ lade o3y
dbe cplo—s 2 2 AELQ s PELQ i s
5| yeS ey s oo ools Ol JBlas a5 aas o s

VOA



104

5 @S WS (s Srerleo VPV ) (0938 50 azsy
Iy, Jol5 Lg)Lz.gT L pasS B —ao u_j px> (VYA0) 8
s L as ais gl coway LS 1o caSe e FRVY Ll
o ol jo paiS 5L o)l callas ol sibos
%A_:Saoj.'i.‘of“‘ fﬁ)oﬁ)m)du_&ao).uo?AY\‘
SUgr,l 5o —tdgh ,0 il oo 5,155 LS o
ul—h-c)v_bd‘ 09y )...o...L..n a0 r:dj QS’T )l_u ljufo—l
alaxdo T Jguzr jo 4T disSilen . (VYAY ( Slej 5 Dl
Golel 5L 51 5eS bl Of Hlaie ¥ae e 0 w05 e
JA‘}.C )‘ qu" el 4.»_9; S0 Lg)Lu]‘@S 9 Sl 059
Hlid cov g ol pian s Sl SIS 0 e
g,\_..aLJ.A > )'| oola 9 (_g)L,'.g" To—2 6}%)4.&[5).3

el p3Y Glos 5o 55l

Ol @ 5 6rlal (owiio (Sadg3s (oole @yl
YPoY lawsli. 98 g oloy o o @2 e JLi

Db dlre (olidlsn ol 5 tile -y (3, 5]
2 Eman ol pm cwl sod al )| F Jga o s
S VPVEA FPAA oy s ¥ Y ojlad £)l5
o el el Sy LS jo caSe e VY
o YEAA aaiS el o VVYE aomigy ol 3,—an o]
wdsie gla i 55 Lol el oy S )0 CanSo
Fagka VFe e A 0090 Jsb y0 axig o LS
545 aBbos piie (2l 5 Of byl 4 ay Jlo o
3,90 E)l30 g iz (Sran ol 2 b 0l i
O 5 3 plig)d 518 o3gaote (e )3 (o)
0 axie golol o ea b B, ae ol la_wgie (VVAY
Gl 00l el LSy S e VWYY e - plyy g0l IS
&l YY) GSee 5 SL owalpl (Y440 doly)

axdllas 3590 5130 30 O (o s g oud dwline (2T 3LS ¢ B pan O o :(F) Jgaxr

&bl Al 5l Srae ol oz
OLSe ;5 S y20) OESe )5 aSeye) i)
e Fol duwlo
YOA- vy TEAN \
AAA- \YYVY VWATA Y
IARARS AANARRS AR Y

Sl 7S Soe o el 15 2y g anzn oS (g,
5 LIl 055 (oo 8 ool il g0 (bl (325 aslin
S o)Ll el a4y 392 50 o5 5)lal 53y aeli gl
DS oo )8 esliinl 3550 (s B)90 ) Ygeso
lesti—ul b gl on |y )bl 3y aslin 1l S
J—aie (B bt b ooy 4 (Seig 5l slaailelws
s SIB0 g0s T Gl Jeog 5 el as g 350
Sloolaul gl aS coils az gy Wb 09l so ploxil Ll
oo s a2 U g (el @ 55 et ()
Sl 6 5L b g o (65 dlels b oSins |l
Ol g cwle)ouils az gy 1 ban e pl 4 b as
o le gyl oiyaeliy o LAl 5,00 a8lie (VYA0

(o serl ol Lialsdl 5 T Gy e o srady o

b sloaz s o af (g ll (siyaelin Jyo

il 53 Sy g ool I35l S lyie 4 )10 052 s
Gl ieyaeliy Joozr cosl jign il oo ke i
o] wiile cwlie Joo 0 10500 400 colaiwl (5l
4 5 ol 5l ool oo g ooy i s (53, 52 Sy
Olg a1y 0o sols Ol jlade .05 ools [j5el 15 50 00
S 6 ol 5 eSoilod lag plaly s L
Ol oo SB i Cagh e ol b rizren 0503
Oty (A% 4 g 3ged § 5 o3l ], S gl
ol oy plal 1y g Lol Jlai o500 w4y S Cagb,
S8 e 0559l i ls 53L g9 e oS
]y S gl 0,5 018 s ol 3 (TDR)

45 3,5 (55 ojladl Bl (o0 1S9 b s b,

1. Penman Monteith



IS 5 S amy o galen T i3] sla o o
35 S5 YA T 5 St (eSilis 5 ol 0 )y
Sgi g0 alaxMe (WYAY (S coudl sl o0y LS
35 BeimS Gl )0 sy 9550 E)lhe 4o axigy 0 Sles
50 0ad ploul lados (o .aib oo (6,8iS pSle aslie
VY amig 0 Slee uSike 5 55501 (500,15 L
dol ) Cewl csl sas (51585 LS o Sis adgle o
30 2,5 5LS FVOF joiS 0 pasS o Sles lawgio (Y20
3y90 48,50 0 odel Cawds o,Slee 4 aob oo S
3 Sl JeS (6,585 eSSl 1 B (al )d (o 2
SESe )3 Sl S FYAL a8 o Shee Ll yo (udod
plowl Sligizs b (VFA0 (oS 5 SbeS)os Cpwed
S 50 35T 55 15 el sbg,T 50 pasS o Shas coas

AOYAY (D 5 Sloy Slie) sl oals )15

Olnl ST 5 )bl (i (Sidgfy (oode &y
VFoY lawsli. 90 9 olxy olods o0 juw JLw

ey aizp GRalS (Js—amme CoiS g CoeS il
gy )P ge Slpesd 5 5 (s loan e Jol b
el 55kl gl (i 5 65,5 loan e rals
5 S sdne olge (gotind falS L (20095 anje
Sy o plie iyl pals
ST o (53 054 9 Jguazo 5, Shos

slasi g 3o g5l )0 ()l 4l 5 £5,5 oo
oad 00,51 O Jouz )0 ely5 b Jsb o lags el
Ot Sg-bios oS Jouz (nl )3 &5 &S (len .ol
Jo—aze 5 ¥ o)la i de;j0 a0 by yo (g lal Cugi olass
291 kel Cog YY L axig
L0 Jgoz 59 55 ol (590 00 9 9, Shos a2 by o ol
Aresia gl onl 5o Jgame 3 Shee il 0
ICOY LRV L C RPN SN K R R T B A AR A

\Fe

2 980 E5130 30 O (5590 542 9 8 K hos bawgio :(B) Jguo

33 o sl Grae e oS pAlES ohEk Jye
cSeye o SekS)  GESe 56, 55lS) Sl o Sl ) las Lo e ! 0,
(s,
V- Yy FEAA Y seys bl bl sl pass )
-IA¥ Wy VFYFA Y e balyl aad bld g Y
<124 Vooun Yoy Yf Ses B poyed Jol Ay Y

SESe 0 5 WA g YOIF (le da ol da S
Seid adgle adgs slp Ol Brae S5 5w S ady

el Gy aSe 2oy 0S5l 170
LJG B rb«.bf u_;‘ dfa.a @‘)lf Sl 00lo ul.m.: LQUA&:BJ.’
o Mj)l P —" ‘C)S d.bLA 39 YY-AY LngJl_M:
M‘wb)ﬁuﬁn )..ua):r:jjgu ACATAY 00 gdxo
Jblem leslw Jawgs oads )55 il 4 o a5
039 PYL (xS foo o SelS < /A-Y) SL Sl
ol gt s LOYAY () Ken 5 Slias) el
&)‘JA e uj d)—»A—A 590 542 .’a_...JH as MQ‘SA ul—hﬁh—‘
Wﬁbbyoww)lﬁc_abd;ww)f\))%
slzl seo oo gLt @l ol aBlyoe y9—iS 50
L oS0 cloags Figa &)l50 50 Sk skl sl

ST & o (553 0540
99 31 V9ol T Bpae L g 59 00 I3
Ol il oS5 Culk (gl el R3PS 5 b
(hr—ae ol (ol 5 G5S mh ) Js—ame als
a5 e (e (B mae ol wxly Gl 4 Shes 2l
oy Jg—ame oliee 09250 2] @lio Li> L
O gl a5 cul plazgr LB 4SS o 58l
o jlla ) 5l (B2 6250 g SN 398 Slaal
ozse ol @lie Co e S5t 5 o B oS s
OYAF ) g ol5 a0l cod pdn Gl
e e FaY B o)lad g)lie 0 Ol B ran 5550 00
LLSe jo caSo e 2 sl ‘n)fjl..f <[22 ¢ «/AY )Y
O35 (OYAY) e 5,8 plgs (O Jgaz)awel sy
F adsle o Slas o iVl azisy JolS (g)lel Las wisgas



191 o2l OF 9 6yl (owiign (Lhad gy (oole 4 i
YPoY lawsli. 98 g oloy o o @2 e JLi

Eely i 5 (G0 8 OVl gy seo,
2 Erae ol pz 05 0ads plandly 5 (23158 (rals
Oy—o 6§ LeleS 9 09 )kl Sl 5l eS Y oae) i
AV Lawgie jek axig €050 50 Ol (59000 25 oo
el Cwdy S yie S elS Ve paiS a0 10 g
Coley >l ax mds (o ouds &l )| g Lol Aol p 4y ax g
ssbaie 4 Ald 6)lal plol o5kl clio o g 590
Ol & b azgi g (Sopol g s Sl rals
oz 3 s 5l s (519520 02 e 53 (0l
ivgr ol 5590 5 )l ey (Ral381 )0 o Jalse

2ol cpl Gil8l Sl (ol (532 ya0l 2 oyt 8o

515 8gzg ju

sl oMo cSlis gl ol Gudss

ol o Sles dgup slo Sl sl )l g g i Lg)l.:.gi
5 g;*é‘ﬁ g?)"‘"" A_JT e L;);o)'b.')‘ CypiSred Laaslelus
[RIVC S5 VLIPS IR CONIP N 51 Ve PR ORI E PPN
olead, «(PELQ) ol 3,8 il leadly .Sk

(DU) majsi (25195Ss ((AELQ) of 5 p0LS 2l
4o k;oﬁoL_} 5 s Slals 4 (CU) SIESS a
VPN EVIY AN plp oS ag () 090 &30
0 0 Gsd sl et li uSilis g doys VIF gAY/
gy loailoln (1092 0550 0 495 b 09 (295
Shb slaaleln plu 4 cas Ll 5l solatwl co o

&lw

)L...s S G)L'-’]

Al gl ;0 5,8kae 3,50 5 jglaie 4 azsgy Jgmame dgi @lgs sy AYAY Lool5Ll 7 g a8l S gy o SL cosalpl
AYO-VFD o Vo,lads FOU> oy pl SB 5 Ol Glados . g58 adaie o 5 L]

JURWIEN u_»‘)l.: (_g)l,,.{‘ sloailolw Consg —yp VAP L Swmo e .8 9095 (S () (GO (S T su_ll..\o‘
ARV OY o dojleds FAAl> ol S g O Slidss 6,10 e a0 Plae 9 obis))| sloasLs

S ol Brae 2 g adgle o Sloe d)Lr.-.'vaS Pl gy IVAY gy Lg g oniidy o8 (ol £ S )8 pligs
ol salme) (gLl waige g ple lealliw;es olee g O Ll s o (Medicago sativa)assy o3, k>

9 O LELQUL.‘J)Q‘_HJ ) 03 ‘)‘>‘ Lg\d.:;n.c d)l.u—‘ LSLAW ‘5.\3 QS’L)))‘ Ava¥ wu J.AABJ) ‘¥ 9 cL..n)).:‘ ) o) “S)L.J
IVIVAY o Yo slads YAU> «((55,5leS sole salze) (g ol cwaipe g pole almo . lo,S yliwl oyl

ol s gy O 595 (66501 (Solins Jow AYAR ooy golis 8.0 obb .zl o cmalljos g woy Lo e
ANV o Vo los Vol S 5 ol (zls alee g yiiw

‘_;)L,.»Tpf Gl (g bl bl ol B uao LS{‘)IS ey YAY S| £ 9 PR L5"5M pop o gl Slans
V-0 o Nojles Val> .Q\ﬁ‘ o....ia:) 9 LS)L:-.J PIEN

Center Pivot (635 1o,90 (s ol pins Sloe oLl AYAY 0l Slo) 0 g sowome Slalu | app (goeme Cawgd
OBl oy oMl ol5T ol&ils oy ltol .ol oo (o Giuled gl .08 liwl (69,90 axlllas



Olnl ST 5 )bl (i (Sidgfy (oode &y
VFoY lawsli. 90 9 olxy olods o0 juw JLw

655 Jlss Sl slel alboles cowi 055 5 T iy e @ig (opp VTV Gleastlpl 2 5 (e D B esn
DYB-OYY o Vo, lods FAU> ()l pl S g O Glaaxs

okl slrosls (qiige Slagios ol nl )0 kel ©F plowily Cuxidg (l5)l YD (sl oy 5 Dl B B ulis
MYAYA o Vo lods VAuls o iSa; g

Lo, ool olfetils Lidions (sl (sliam ]l TAD J coolyle

OhRgly i eSOl Briae oIS 50 Slas  )lal siupaeln slagis, 36 ATAY . Glej g0 g | e D ilie
FAR-D-Y o Yoylad YAuls (g)y0liS o ol

Lt el 5o Gunae iz sla e b3 ulsl 2 005 (5lel Of ity Gos (e AVAT (g 5.8 (858
NN o Vojlods Aula . ornb wlio 5 (555l 338 9 pole almo (sl yde

830y b ylw] llasl gl 6lal slapinns (ol AYYY .G (g 5lne 0ol puls

Lul s b o aslio 5 O (555000 (23S (st VTAT (Ko g 5 S £)15 50 e Bome -0 oy sy O15 (ool
VYV (o Vojlads FAAlr (65,5l (sole (almo) (k] (i 5 pole oS gl50 b

Mo oy 2 9,945 1o csLe (Center Pivot) sla e 1L (6)lol pias (STg,0um ol I AYAY L ( 56
TV-FA (o oyl dale g5 sliS coviipe Slinios aloa o] 28

YA-YA Lo Aolos Yol .(65,5leS cwaige Slidos e . lie ;o Sly90 5 ol olfiws o Shae NYA+ oo as,S

g adgle o Sloc p pxie g ol Sl o (PRD) w)&@&d)gijo&&?ﬁﬁd}:jéﬁ;u.\vc\ﬁ O« b
VWY o8 all, .‘_g)L...;L;g:.f.L:&gL;.AB(_;)’)BL&Sr:jlc ol (V- F Wl S K od)) )3 oL:ngg_g)Bo).gd

Y-

ujl&b&c .b.»‘)_w L s_Jﬁ.u).».»_w L;)L"’] alolw O)ﬁ.‘o.i‘- L;JB)M ‘;b))‘ Avag 6;’;».: L‘;")‘"J 9 ool)l.,l.; -z “) ‘QSQJ‘)_@

C’,)L».J olKvo g_i> )‘ )..\M oIy L> x_:T @)5.: 60‘5*5" @L))‘ AYAQ QS")’Q‘“" 9 6)Lm‘ -z ‘uLﬁ.’)—MJ -z o ‘u;"’)})‘)’q’

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 S436.1 DECO01. 931- 938.

Ben Charfi, 1., C. Corbari, D. Skokovic, J. Sobrino and M. Mancini. 2021. Modeling of water
distribution under center pivot irrigation technique. Journal of Irrigation and Drainage Engineering,
147(7): 1-10.

Berrada, A. 2005. Alfalfa response to water deficit using subsurface drip irrigation. Colorado State
University, Agricultural experiment station. Technical Bull. 36-43.

Fargh, E., S. Arafat, M.S. Abd El-Wahed and A. EI-Gindy. 2017. Evaluation of water distribution under
center pivot irrigation systems using remote sensing imagery in eastern Nile delta. Egyptian Journal
Remote Sensing Space Science, 20:13- 19.

Jian, J., W. Yadong, H. Liliang and S. Derong. 2017. Comparison of water distribution characteristics
for two kinds of sprinklers used for center pivot irrigation systems. Application Science, 7(4):410-
421.

Keller, J. and R. Bliesner. 1990. Sprinkler and trickle irrigation. Published by Van Nostrand Reinhold.

Ley, T. 2003. Irrigation system evaluation. Washington State University Cooperative Extension.

Li, M., Y. Liu, H. Yan, and R. Sui. 2017. Effects of irrigation amount on alfalfa yield and quality with

a center

VY



Y o2l OF 9 6yl (owiign (Lhad gy (oole 4 i
YPoY lawsli. 98 g oloy o o @2 e JLi

pivot system. Transactions of the ASABE, 60(5): 1633-1644.
Merriam, J.L. and J. Keller. 1978. Farm irrigation system evaluation: A guide for management.
Department of Agricultural and Irrigation Engineering, United States University, Logan. PP: 271.
Playa, E. and L. Mateus. 2006. Modernization and optimization of irrigation systems to increase water
productivity. Journal of Agricultural Water Management, 80(1):100- 116.
Rogers, D.H., J. Aguilar and V. Sharda. 2018. Kansas center pivot uniformity evaluation overview.
Applied
Engineering in Agriculture, 35(6): 867-874.



Olnl ST 5 )bl (i (Sidgfy (oode &y
VFoY lawsli. 90 9 olxy olods o0 juw JLw

el g e

Performance Evaluation of Center Pivot Irrigation Systems and Water
Productivity in Some Farms of Semnan Province

Nader Naderi?, Ali Ghadami Firouzabadi?

Abstract:

By evaluating irrigation systems, their performance can be improved. The purpose of this study was to
evaluate the center pivot irrigation system in some fields of Semnan province. Also, the amount of water
consumption in the field was compared with the water requirement and the national water document.
For this purpose, center pivot irrigation systems were studied in three fields. Average potential and
actual application efficiency (PELQ and AELQ), distribution uniformity (DU), uniformity coefficient
(CU) and evaporation and wind losses were 69.1, 67.2, 76.7, 82.1 and 7.6% respectively. The average
of the above parameters was good. The operation of center pivot systems was easier than other sprinkler
systems due to the mechanization of center pivot systems. Technical problems in one system reduced
uniformity and efficiency. The volume of water consumption in field 3 was less than the irrigation
requirement thus deficit irrigation was done. Irrigation water productivity in alfalfa and wheat fields
was 0.92 and 0.79 kg/m?, respectively. Considering appropriate irrigation frequency and time, night
irrigation to reduce evaporation and wind losses and paying more attention to educating farmers on
proper operation of system were the important factors in increasing irrigation efficiency and water
productivity.

Key words: Efficiency, Uniformity, Water requirement, Water volume, Wheat.
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