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Extended Abstract
Introduction

Pressurized irrigation systems are increasingly used to improve water management and reduce water
losses in agricultural production, particularly in regions facing water scarcity. However, the expected benefits
of these systems cannot be achieved solely through appropriate design and installation. Their long-term
performance also depends on proper operation, preventive maintenance, timely technical support, and
continuous monitoring during the service life of the system. Inadequate operation and maintenance may
gradually alter hydraulic conditions, reduce the effectiveness of water application, and lead to deterioration
in the overall condition of irrigation systems. In addition, farmers and system operators need adequate
technical knowledge and continued access to professional support to maintain the systems under field
conditions. The objective of this study was to evaluate changes in selected technical indicators of pressurized
irrigation systems following the implementation of an operation and maintenance monitoring program and
to assess farmers’ perceptions of the factors contributing to successful long-term operation and maintenance
of these systems.
Methodology

The study was conducted in Arak and Shazand counties of Markazi Province, Iran. A total of 30
pressurized irrigation systems were selected for field evaluation, including 20 systems in Arak and 10 systems
in Shazand. The systems were evaluated repeatedly at four measurement stages consisting of the initial
technical supervision stage and three subsequent follow-up stages during the cropping season. Two field-
based technical indicators were used to assess the condition of the irrigation systems: operating pressure and
soil water content. Operating pressure was measured using a pressure gauge and expressed as meters of water
head. These two indicators were selected because operating pressure provides an important indication of the
hydraulic operating condition of pressurized irrigation systems, while soil water content provides information
about the resulting moisture condition of the root-zone soil following irrigation. In addition to the field
measurements, a structured questionnaire was administered to the operators of the evaluated irrigation
systems. The questionnaire consisted of 24 items and was designed to assess farmers’ perceptions of factors
affecting the successful operation and maintenance of pressurized irrigation systems. Responses were
recorded using a five-point Likert scale. The content of the questionnaire was reviewed by experts in
irrigation and operation and maintenance of pressurized irrigation systems. Field data were analyzed using
descriptive statistics and repeated-measures analysis of variance. Measurement stage was considered the
within-system factor, whereas county was considered the between-system factor. Where appropriate,
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pairwise comparisons were conducted using Bonferroni adjustment to control the probability of Type | error
associated with multiple comparisons.
Results and Discussion

The results showed that the mean operating pressure of the evaluated irrigation systems was 42.33 m of
water head at the initial technical supervision stage. The corresponding values at the first, second, and third
follow-up stages were 39.73, 40.30, and 39.97 m, respectively. Thus, operating pressure showed an overall
decline after the initial supervision stage, although the values remained relatively stable across the three
subsequent follow-up stages. Repeated-measures analysis indicated a statistically significant effect of
measurement stage on operating pressure, demonstrating that operating pressure changed over the monitoring
period. However, the overall difference between Arak and Shazand counties was not statistically significant.
Bonferroni-adjusted pairwise comparisons showed that the pressure at the initial supervision stage was
significantly higher than the pressure recorded at the second and third follow-up stages. In contrast, the
difference between the initial supervision stage and the first follow-up stage was not statistically significant.
Furthermore, none of the differences among the three follow-up stages was statistically significant. These
results suggest that although some reduction in operating pressure occurred following the initial supervision,
the pressure conditions were comparatively stable during the subsequent monitoring stages.

Soil water content also showed an overall declining tendency. The mean soil water content decreased
from 27.51% at the initial supervision stage to 26.47%, 26.83%, and 25.72% at the first, second, and third
follow-up stages, respectively. The repeated-measures analysis showed no statistically significant overall
difference between Arak and Shazand counties. The results therefore indicate that the general temporal
pattern of soil water content was similar in the two counties. Bonferroni-adjusted pairwise comparisons
indicated that the significant difference was primarily observed between the initial supervision stage and the
first follow-up stage, whereas the subsequent pairwise differences were not statistically significant. An
important finding was the increase in variability in soil water content toward the third follow-up stage. This
increase may indicate greater heterogeneity among irrigation systems or differences in management
conditions among operators. However, because spatial variability, irrigation discharge, application
uniformity, and detailed soil characteristics were not independently evaluated, the underlying causes of this
variability cannot be determined from the present data.

The questionnaire results provided complementary information concerning farmers’ perceptions of
operation and maintenance. The highest percentage score was obtained for operation management (83.33%),
followed by technical recommendations (70.33%). The scores for operator training, increased productivity,
and water saving were 56.67%, 46.67%, and 41.33%, respectively. These results indicate relatively high
perceived performance in operation management and technical recommendations, while training,
productivity, and water saving received comparatively lower scores.

Conclusions

The findings indicate that the operation and maintenance monitoring program was associated with
relatively stable hydraulic and soil-moisture conditions during the follow-up period, although both operating
pressure and soil water content showed an overall declining tendency after the initial supervision stage. The
results support the importance of moving from a one-time supervision approach toward a continuous
operation and maintenance support system. Periodic technical inspections, follow-up visits, preventive
maintenance, operator training, and routine monitoring of key indicators such as operating pressure and soil
water content can help identify potential changes in system condition at an early stage. Nevertheless, because
the study did not include an independent control group and did not directly measure indicators such as
discharge, distribution uniformity, application efficiency, or water productivity, the findings should be
interpreted as evidence of changes in selected technical indicators rather than direct proof of improvements
in overall irrigation efficiency. Future studies should incorporate a broader range of hydraulic, agronomic,
and economic indicators and, where possible, include control systems to provide stronger evidence regarding
the causal effectiveness of continuous monitoring and technical supervision programs.

Keywords: Irrigation management, operator training, pressureized irrigation, operating pressure, soil
moisture
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Fig. 1- Geographical location of the selected pressurized irrigation systems
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Table 1- Summary of Research Data Specifications and Data Collection Methods

T adlgo
Description Component
S5 e gl wijli 5 STl slagliojes ook sl Je
Arak and Shazand counties, Markazi province Study Area

(5L 5o lolw
54 systems under operation monitoring program (34
systems in Arak and 20 systems in Shazand)
alolw ¥ g Sl wlols VW Lol ST o ailobis ¥+ ) ailobo ¥+
Slolw ¥ g (Shl wlobo A Jolis w5l 50 alobe Vo g (gl lad
(_‘5\0 s ) ) )

30 systems (20 systems in Arak including 17 sgrmkler
systems and 3 drip systems and 10 systems in Shazand
including 8 sprinkler systems and 2 drip systems)
Canliio Lamass b odd gindib wsolay d)ff“?"-”
Strategic random sampling with proportional
allocation Irrigation system
&kl Glols
Irrigation system
(Jad bl )l asbyy g2l loj & bgaye 4l 03) s o slox
(cutS By90 bl 5 Juad Lol
_ Four stages (baseline data related to the time of

implementation of the monitoring program, beginning
of the season, middle of the season and end of the
cultivation period)
SK je Cagb) bl 3,55 Lz
System operating pressure, soil moisture
codin dilolu olld 0 400
Selected system users
30 questionnaires
Jlow ¥F
24 questions
Olaasie a5 b oy 2ly)
Content validity with expert opinion
Elis)s Wl
Cronbach's Alpha

basbobs (gl axals
Statistical population of systems

g0 gdilolw dluxs
Number of sample systems

S S Lged o)
Sampling method
B JS oly
Technical analysis unit

S50l ol e dlaas
Number of measurement steps

oud);ojlx1 b b sl
Measured technical indicators
Aol (g lo] drol>
Questionnaire statistical population
0 aoSS (gladolidun y dlaws
Number of completed questionnaires
doliduo yy (sbady oS dlaas
Number of questionnaire items
<295 0y
Validity assessment
bl oy
Reliability assessment
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7]2 _ SSEffeCt (Y‘)
P~ SSEffect + SSError
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3 el bt s )5 Al bosls o (gl Ol s
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Gad 5 gd bl b wad Julw g a kil
Slp 0gh atine gkl e abls 5l sl po e
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Sl pe sty Cudidse y S5e Jelse 51 Gl o e Zuls,
oaliul & S (gl jogy s 5l ol (g slaaileles
5 S @, wlie (Leon-Mantero et al., 2020) o
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.(Field, 2018)

1. Mixed Repeated Measures ANOVA
2 Partial Eta Squared
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e Sl &S ol p (e Slalllas jo g
Boone ) sgi oo colaiwl 00,8 jsbay bajlonl .Sk
;¥ «(Sullivan and Artino, 2013 ¢and Boone, 2012
Jrte jlanaas B0 bosloel (sunainl 355 (5 55Tl canl
Gl (nl Bas a5 el 5l 5 el ot gl s
sl BT glagealy Ldoxs 5 Sl 0 4 ol ass (5 Sl
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Table 2- Score classes and levels of importance/satisfaction in the five-point scale of the questionnaire

Coodl] gl ) gdaww Sila el diald
satisfaction/importance level Average score range
o e 1.00-1.80
Very Low
o 1.81-2.60
Low
b 2.61-3.40
Moderate
L) 3.41-4.20
High
L) sl 4.21-5.00
Very high
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Table 3- Descriptive statistics of the operating pressure of irrigation systems at different measurement stages

sbks . W o _ .
() @S o po 3 sbxe Sl SpS0jlal Al o
i Sl Sl 5 a3l (m)
Coefficient of maximum  Minimum Standard Measurement
Variation (%) Standard deviation Average stage
error pressure (m)
Q)Ué.} QLo)‘
20.05 64 20 1.55 8.49 42.33 o
Monitoring stage
Oyl lae VAl ye
14.70 47 17 1.07 5.84 39.73 Stage 1 after
monitoring
Oyl lan ¥ dls e
15.56 50 20 1.14 6.27 40.30 Stage 2 after
monitoring
Oyl ae ¥ dls ye
17.27 53 18 1.26 6.90 39.97 Stage 3 after
monitoring
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Table 4- The results of variance analysis with repeated measurements of the operating pressure of irrigation systems
df Sl e

Partial n* P-value F
Source of changes
0.15 0.003 4.94 3 e
Time
T
0.009 0.02 0.009 1 o
City
i o Lo
0.001 0.997 0.017 3 ORI
CityxTime
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Table 5 - Pairwise comparison of average operating pressure in different measurement stages

e pvalie (M) ol B U1 p0 Ao
Result Mean Difference (m) Comparison of stages
Significant Monitoring stage - first stage
P 0.0025 2.03 kel ol
Significant Monitoring stage - the second stage
P 0.0005 2.37 e ol ol
Significant Monitoring stage - the third stage
Psiner 0.358 057 e e
Non significant First stage - second stage
Pugeer 0.75 023 pe oo o B e
Non significant First stage - third stage
)|>L;‘*")"° 0.378 0.33 [ ad g“l>)‘° TPy §‘l>)‘n

Non significant

Second stage - third stage

5

2

a

() Lo . Silo

Average pressure

39

37

@ Lo
Monitoring Stage

)l 3 anal> e

2]
3
3997
ELES

Stage 1 after monitoring

yllis Jan Yals 5o
Stage 2 after monitoring

I s ¥ al> e
Stage 3 after monitoring

Oyl 5 a Al o da g a5 lo 10 b (g8 8510 HLid STl Ay e Y JSUS
Fig. 2- Comparison of the average pressure during monitoring and three stages after monitoring
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Table 6- Results of analysis of variance with repeated measurements of average soil moisture of irrigation systems

Partial n* P-value F df Ol &
Source of changes
0.12 0.011 3.92 3 oles
Time
0.026 0.39 0.76 1 olierd
City
<L v ilo s
0.001 0.98 0.041 3 A
CityxTime
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Table 7- Pairwise comparison of average soil moisture in different measurement stages

N () Y=Y Ul p0 dung i
Result Mean Difference (m) Comparison of stages
e 0.02 1.04 sl e 2l clog
Significant Monitoring stage - first stage

Non significant Monitoring stage - the second stage
Non significant Monitoring stage - the third stage

Pugneré 0.99 035 pp e Jo A
Non significant First stage - second stage

)IDLS‘*")“S’ 0.99 -0.75 [ 2'l>)" - JB‘ 21)).@

Non significant

Pt 0.37 11
Non significant

First stage - third stage
P Ao = pgd Al o
Second stage - third stage

27|51
26(a7

(1) Sl sy
Soil Moisture
8

=l yley ol 3l e Vador e
Monitoring Stage Stage 1 after monitoring Stage 2 after monitoring Stage 3 after monitoring

26/83
2575

&M 5 g Yl e ol e Tals e
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Fig. 3 - Comparison of average soil moisture 24 hours after irrigation during monitoring and three stages after
monitoring
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4- Factors affecting the success of using modern irrigation systems



Sl (g5 sailolw 31 (51005 g (551220 542 2 )5 Aol (WiSw ST L5,

ol O JSE) wb e gl g gleaibls Sl
Ly ool yol> Giaghy sleassly Gal Jol> ozl
ot oyl sloaals  Somte sl ] oS &) Ga
Ol ogh aas cel p3Y 0ed o Slpiion (5 10 o e
Jelos o ils wile oo Ay la s, Gasb 5l oozl
Glple g Sl oais (905 5 3 gloal by (o ealids
asdllas (nl @l (e Sty G plgear 1, T b
(B Lol )l eial iagh ls (el 108 s
@ Sles gy loyss il ooty (el
@ peiee 053k g Ol Wi S
S5 |y oszlr ool sleadlie G fnes (ol e
Gy slaaidl I Ladies lasleriny ol s e
AYIYY) (5,00 p0 500 S e a5 (5 9bay wilouds ! 50l
Oyt (Qoyo VA/YY) LU 28 sloaog 5 (do)
o jsme 45 o 5 00,5 S |y e s,
Bras > gs7adyo 5 (%o, YPIFV) (690 50 2l H
Sloslbasly jo Cogii skl (aoye FINY) O
a ol a5 col 1 ko Jow ol g o aslis
55z sl pilbs o)kl glaailols 51l (550 50
(b Ao e Byo wuls ol g el atne (2 o
S35k b 4z cnl ogd sgazme allele horw L 12
al>yo ol o 058 s el ailols Cumdg (23 5 (Sl
g Cepndy 0,5 IS Lis anle 15 glaasls
Lo &)y 5925 5 S Cagb, wilols 5,Sles
Sl o2l ! @S oebee 2byl plelil,ls
50,8 o )18 aleles 0 e g 8 O oLl
A5 50 Ol g0 4 (538 il JUiil 5 (3jgel ey Al e
Slrese ool Jols bagsjsal (l 05d o0 a28)S
G5yl Dl (5 IS (sl sanplej cie )
Sloaidly ol slo)93 Slamg pw 9 5Lid 7S a2l
G ol peste BT Gl sl gl ey ol
sz 2als 5 )by Cupde S 5 (oot
Slaladl 5 (Mol gloaros (b0l 5l my 25l lkas

s loazdly g ol gl Lolul 5 (F US5)
Jolse O Ftes e LUl g Sl o (ngas gy
ly olel (g ladilels 5l (5)lo 000 Colbae 5 e
223 oo i dalidiw 5l o] Cawdds guls amo o oyl
(D525 loysd g 5 55K Ol o (B)se]
ok g olelid)l5 plite sladusl (8 Sleas pgls
o 90 Jelse o o ) el YL baailels jotns
P oode Joo ol glaaddse glyicar 9 wio S S
ol b ke slajgme (blie jo ol and)S L
eSSl Brae 0 psradio s Ol Bras 550
ST amo o oylid a8 wslazils ol ls o s oEaus 511, 5Ll
oogale JalS jsbas ()l ot ol I 59 laasly )l
sl las 58 Slawe s Sojlal mls .l oo
Ll sol 4 cod askls 05,5 Lid (Sl 4> S
o S cadgl Sl ol 5l e 0l s0gamme ialS
5 ol 03523 )l sixe (5T S5 5l poes 5 pg0 (sl Ul e
B b B condg 3 0,505 Led L 5l baaiblus
E) O9aze laals o i S Cusb, ol sy wsleasls
L (&8 slapatly (oo il (nl (Slojon el ool
2 Sy 5 Supse cgbieel Jelse (YL 4,
Lol 0092 (F) S8 (sagpie Joo (905 (b dolidin
Gasly e (bl Joo S (F) U8 plnle
Sisel Sl cl ol Sl g el e 0l
b g Sl phie (6l (B Dless (s o e
(e gls Lolal 59 s o e 0B 5l (sloyg0
s dilols o Slae Laa> 1 50 sloadlio o See
w7l Sl S ood oLl e Ly Joe ol anl
Bl s e gbadh e Glp ) esede
o2l G000 o)l sladely ol oleolin
.0)5»“540
Sl Slawe s, Soslal mbs ulul 5
Shbes w5z )lr ackitnsy 5l Jol> gloadly 5 )L

6)“5)’.")-0::’):’)"’3*“ Q)LE.S d.«obﬁ 6‘)." Lg‘)g ‘_;JLQ,MW



YE ) axho/VE00 Ll [+ 0 Lo/ TV 2,95/ SR} 9 (55T (S0  cwiige ol

Al aleS ey Cald, Gl as )i Cupnoe
S slaasly wad oo Glis G agh nl @bl
i1 L 5 (15 30 e S prte S50t 21y oSl ey
ebdoe S ga wix e wilasly ol elas o8
Ol Bras o pszabio 5 ol 5h505 Gl Wil
Sk slaoyes o ()l slaadly lyeinl pilivs
UP)[} () Js.w B od.wdj‘)‘ J«.Lo 6UJ‘)JL.J |
Jsslopere Sln petee dp 2 (e (Sape
Lgl.:zu.\.;.ﬂ)é 3.>).> » aS Col LS)L:-.’] Ry slealols
sl jlgil paiane 8,55 5b 5 Ltaly @bl (290l ¢ 2L )]
Lol i3 0 Shoe Liis e Wl e Joo ol (sl
oy sbable axug o 1) b lifalew Liou)l
e Sl o pae 4 olss Ao g ams (il 6L

S ol 1) (55 sles

o8lgs &8, g Lol &by Mol lid dass Jalis claladl
slaghy, ol 5 able IS depe Dl
uMJ|).9| 3..,\.3.9) way L)J‘ Cow yo 6‘)9-‘ ] 6)‘%’.";@5
il s ol S oo @l 1) alels o Shee plond],
otu il e B il wales aslol aslels o Sles saze
sl asli @l e pl 10005 cw)p Dol Slladl
L g oo dunlio adsl ol b g (5,503l 6 Lgs 28
cogllho o, Slae 4 8Ll Cawo b iz slo il sonlie
Sl s T i) Al e S ol &5z
5 able oSles (om0 Mol crge ot 35550
ol el 09b oo ploy (b plenily 211 6 S ol
ol ol Bpas gy GRIBl 4 e 43z
Sgu ilolis o ,Slae (6 lul iol38l (6 )l sloass o

Je gl Jalge
Giloasailys g Ghjgel o
Ol oy

Ol5a25 4 (i 0
ilie (5918 9

alolw g ledbl oo, o
Wosls ¢l

9 il Cole> o
(2945 Bl

Sl gl el

by

1o ey g LAl plubil o
b asls g Slaal pus o
Lyl gaiiole) 4oliy angs o

Barog 55,54 o
£3Y Olpsasi 9 5)lag plaxil
430 Capse g 6yl aaly Mol o

@90 510105
ok

Sl g oailals

& 9 )Lid 5503l

o i98 SB19Sy s)l
OYlail g Oljugas Jy6S o

ol 4ol g S g guiryt @

\

/

9 (e basogi Al o
@355 9 6yl aaliyy oabi5 o
Soloytos SIS g5 9 Ghigal o

3y8as o3yl 9 Jalos ¥

Colhs y0lia g L3 jlasbivl b awslio o

Cird g g8 bl (yuuni e
58as sl yasld duwlio o

i

bé),l."u»é 9 &L‘ﬁ

ST rg0 e halsél o

a5 9 9,8lac alzsl o

ladue als .
Ol yrani g (6)lug%

Sy gyl e
Conjlaye CBli> o

Wlobus iy yae Jsb 0
S §NSlopm g

Jao S o

sl 5T (295 Saolus 31 (513,20 42 »> Casiidgo shiol 55y A 413,20 40 S Lo g Kindad bigal (ot Oyllis

(D23 b pwlw! 1) )kl (g5 Sl 31 (51520 00 2 poiame &5 Aol (5121 (Dol 292yl —0 JSUd
Fig. 5- The proposed framework of continuous monitoring of the exploitation of modern irrigation systems (based on

the results of this research)
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