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The uniformity of irrigation dose application is 
one of the most important aspects of work quality 
indicators of irrigator machinery (Solomon 1979; 
Ayars et al. 1999). In order to ensure the optimal 
moisture content across the whole irrigated area. 
it is essential to achieve the greatest possible uni-
formity of irrigation which is the most important 
quality indicator for irrigation by sprinkling (Burt 
et al. 1997; Tomášik, Jobbágy 2013; Berbel, 
Mateos 2014). The quality of irrigation is assessed 
by the controlled intensity of irrigation and its uni-
formity. Intensity of irrigation is expressed by the 
volume of applied water in mm by specific irriga-
tor in a specified time unit (Okenka et al. 2000; 
Huang et al. 2008; Jobbágy et al. 2014).

The irrigation machinery quality of work is in 
many cases evaluated using uniformity coefficients 

that are calculated from the measured values of 
irrigation dose captured in rain gauge containers 
(Topak et al. 2005). These irrigation systems there-
fore require a certain minimal value of uniformity 
that is considered as acceptable in terms of require-
ment for final customers (Jackson et al. 2001).

According to Keller and Bliesner (1990), the 
coefficient of uniformity of irrigation below the 
specified value 84%, following Christiansen, repre-
sents a low work quality of irrigators. Many authors 
also state that wind speed belongs to the essential 
factors that affect the irrigation machinery qual-
ity of work (Solomon 1979; Kincaid et al. 1996; 
Dechmi et al. 2003a, b). Absolute uniformity is not 
required because it is almost impossible to achieve 
it with spray irrigation technology due to the effect 
of wind. There is also a horizontal movement of 
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water in the soil profile that eliminates the nega-
tive lower uniformity. Among other indicators of 
spray quality, it is also a droplet size and its kinetic 
energy. In addition, coefficient of uniformity of irri-
gation machinery has a direct effect on the efficient 
application of irrigation, and therefore on crop 
yields as a whole as well (Li 1998; Li, Rao 2000; 
Dechmi et al. 2003a,b; Li, Rao 2003; Jobbágy et 
al. 2013; Lü et al. 2015).

As was indicated in previous studies researchers 
use various methods to evaluate work quality of irri-
gation machinery, e.g. coefficient of uniformity, co-
efficient of non-uniformity, degree of uniformity and 
coefficient of variation (de Menezes et al. 2015). It 
means that the expressed individual equations may 
achieve different results in irrigation water distribu-
tion uniformity on the same elementary areas.

The aim of the study is to compare the selected 
coefficients of uniformity in several field conditions 
and to point out the possibilities of application of 
the studied types of results evaluation of selected 
wide-range irrigators.

MATERIAL AND METHODS

Field measurements were conducted during the 
appropriate season to irrigate various crops (e.g. 
maize, sugar beet, potatoes, vegetables, etc.). All 
the irrigated fields were located at the western 
part of Slovakia and they belong to different agri-

cultural companies. Measurements were repeated 
from 2006 to 2010 and on various types of soils. 
Soil types depended on specific locations but basi-
cally were characterised as sandy, sandy-loam and 
loamy-sand soils. Measurements were performed 
according to the standard ISO/TC23/SC18N190.

Irrigation machinery used in the experiments. 
The selected fields were irrigated by wide-range ir-
rigation machinery equipped with new and reman-
ufactured distributors of irrigation water (Fig. 1). 
The distributors (sprinklers) were provided by vari-
ous manufacturers, namely: Agref, Ltd. (Komárno, 
Slovakia) for machines Fregat; Senninger, Ltd. (Cl-
ermont, USA) and Nelson, Ltd. (Walla Walla, USA) 
for machines Valley and Bauer. Nearby river and 
lake served as a source of irrigation water and wa-
ter was pumped into the irrigation system by the 
main irrigation device that consists of a pumping 
station and appropriate hydrant. Technical param-
eters of input irrigators used in measurements and 
weather conditions during these measurements are 
presented in Table 1.

Evaluation of irrigation machinery work qual-
ity. Evaluations of work quality of selected irriga-
tion machinery, i.e. tests of uniformity, were con-
ducted by using rain gauges commonly used for 
measurements of uniformity of irrigation water 
distribution. The rain gauges were designed with 
115 mm diameter and 100 mm height. There were 
laid alongside an irrigation radius. The irrigated 
radius is a distance that is measured from the cen-

Fig. 1. An example of irrigation uniformity test using rain-gauge for measuring the uniformity coefficient
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tre of the irrigation machinery (specific irrigator, 
nozzle, etc.) to the farthest rain gauge container 
in which the minimal irrigation intensity in not 
lower than 0.25 mm·h–1 (Li et al. 2015). Following 
evaluation of irrigation was carried out in accor-
dance with several methods which were described 
and explained in details by e.g. Topak et al. (2005), 
Huang et al. (2008)‚ Maroufpoor et al. (2010), 
and Jobbágy et al. (2011).

The evaluation of uniformity and non-uniformity 
of irrigation was calculated by various methods that 
are described in Table 2 (Oehler 1933; Wilcox, 
Swailes 1947; Voight 1962; Asae 1998; Asae 
1991).

One of the research pioneers, those who were at 
the beginning of irrigation uniformity evaluation, 
was Staebner (1931). He postulated the rule that 
the maximal intensity of irrigation should not exceed 
double of the minimal intensity with exception of 
marginal zone. Based on the measurements of rainfall 
amounts in rain gauge containers, the isograms (lines 
with the equal amounts of rainfall) were designed and 
the uniformity of irrigation was then evaluated visu-
ally as very good, good, satisfactory and not good.

Statistical analysis of the results. The aim of the 
study and its main objective was to evaluate and 
compare suggested coefficients proposed by indi-
vidual researchers and their application on the re-
sults obtained in long term experiments in various 
locations, field and weather conditions. To achieve 
it, the Duncan’s test was applied with the level of 
reliability at 95%. To evaluate and compare the re-
sults obtained by various coefficients of irrigation 
uniformity, the following statistical model was used 
(one-way analysis of variance ANOVA):

yij = µ + Ci + eij (mm)	  (1)

where: yij – measured value (mm); µ – overall 
mean (mm); Ci – effect of the coefficient of unifor-
mity (–); eij – random error with mean 0 and vari-
ance σ2 (mm)

RESULTS AND DISCUSSION

The results of irrigation machinery work quality 
evaluation were expressed by nine various coeffi-
cients according to the selected authors defined in 
Table 2. For the purpose of this study, eight irriga-
tion machineries were used (therefore, various ad-
mission conditions were described and monitored) 
from which five coefficients of uniformity and four 
coefficients of non-uniformity were selected and 
evaluated. In the case of comparison of these co-
efficients, it was suggested to express the results 
in percentage. In evaluation with the coefficient 
of non-uniformity a, the coefficient of uniformity 
ar was introduced to allow comparison of the ob-
tained results with other coefficients.

The obtained data of calculated coefficients 
of uniformity for several experimental fields are 
shown in Fig. 2. The results suggest certain dif-
ferences between individual values expressing the 
uniformity of irrigation (according to different 
methods of evaluation) and also a difference be-
tween the values obtained from different experi-
ment fields. Therefore, a statistical evaluation of 
the obtained data sets was introduced. The study 
therefore points that in case of the statistical model 
in which the samples consist of individual coeffi-

Table 1. The irrigation machinery technical data and weather conditions details

L – length of irrigator; nSpan – number of spans; nSpri – number of sprinkles; IR – irrigation dose; WS – wind 
speed during measurement; T – temperature during measurement

Exp. field
Irrigation machine technical data Weather conditions

Type of irrigator L (m) nSpan nSpri IR (mm) WS (m·s–1) T (°C)

F1 Bauer Linestar 168 LL 385 7 118 19 3.2 ± 0.1 22 ± 1

F2 Fregat DMU A229 155 5 33 26 2.0 ± 0.2 27 ± 1

F3 Fregat DMU A308 308 11 55 19 1.2 ± 0.1 24 ± 1

F4 Fregat DMU A417 417 15 91 24 1.5 ± 0.2 31 ± 1

F5 Bauer Linestar 4000 385 9 149 8 2.0 ± 0.2 28 ± 1

F6 Valley Universal Linear 262 6 114 20 0.5 ± 0.1 29 ± 1

F7 Bauer Centerstar 5000 658 11 136 11 0.4 ± 0.1 29 ± 1

F8 Bauer Centerstar 168 LL 455 8 133 17 0.3 ± 0.1 31 ± 1
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cients of irrigation uniformity (ar, CUH, CU, Cws 
and γr) statistically significant differences (p > 0.05; 
F = 1.84 < Fcrit) were not observed.

Data presented in Fig. 2 prove that the coef-
ficients according to Oehler (ar), Heermann and 
Hein (CuH), Christiansen (Cu) and Voight (γr) are 
very close to each other. The greatest differences 
were recorded in case of the coefficient of unifor-

mity according to Wilcox & Swailes. In comparison 
of the results where individual fields were selected 
as variables, with different input conditions as well 
as irrigation machinery used, the differences were 
even greater and in the case of Wilcox and Swailes 
coefficient of uniformity, they showed the greatest 
variability in the calculated value (from 58.47% up 
to 87.17%). In this case, experimental fields were 

Table 2. Compilation of methods used for evaluation of uniformity and non-uniformity of irrigation

Methodology Equation Description
Coefficient of non-uniformity
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m
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N

 
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Ef – degree of non–uniformity (%); h – mean 
amount of rainfalls in selected area (mm); hi – level 
of rainfalls at selected elementary areas (mm); n – 
number of elementary areas 
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tion (mm); hm – mean amount of rainfalls (mm)
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CuH – coefficient of uniformity (%); n – number of 
rain gauge containers; i – number intended for iden-
tification of individual rain gauge container starting 
by i = 1 for container which is closest to irrigator 
and ending by i = n for rain gauge container which 
is situated farthest from irrigator; Vi – irrigation 
dose in i–th rain gauge container (mm); Si – distance 
of i–th rain gauge container from irrigator (m); V  – 
mean irrigation dose (mm); i iV V  – absolute value 
of deviations from mean value (mm)
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Cu – coefficient of uniformity (%); Vi – irrigation 
dose in i–th rain gauge container (mm); V  – mean 
irrigation dose (mm); n – number of rain gauge con-
tainers, respectively, number of elementary areas on 
which the whole area will be divided

Wilcox & 
Swailes
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γr – degree of uniformity (%); hm – mean level of 
rainfalls at selected area (mm); hi – level of rainfall at 
elementary areas (mm); ri – distance of measurement 
points from irrigation machinery (m)
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considered as the samples (i.e. the effect of irriga-
tion machinery was considered) and it can be con-
cluded that there is a statistically significant dif-
ference between the compared data sets (p < 0.05; 
F=17.12 > Fcrit). The value of coefficient of irriga-
tion uniformity did not exceed 100%.

The aim of the study, as it was also described in 
the methodology section, was to evaluate also the 
results of calculated coefficients of non-unifor-
mity (Fig. 3). As a basis were selected the results 

of irrigation machinery work quality according to 
Oehler (a), a coefficient of variation (Cv), a degree 
of non-uniformity according to Hofmeister (Ef ) 
and a coefficient of non-uniformity according to 
Voigt (γ). Also in the case where various methods 
of evaluation of irrigation machinery work quality 
were selected as samples, the coefficient of irriga-
tion uniformity showed statistical independence as 
a result of the statistical analysis (p > 0.05; F < Fcrit). 
However, in the case of evaluation of the individual 

Fig. 2. The results of different uniformity coefficients for all the experimental fields (F1–F8)

ar – coefficient of uniformity according to Oehler; CUH – coefficient of uniformity according to Heerman and Hein; CU – coef-
ficient of uniformity according to Christiansen; Cws – coefficient of uniformity according to Wilcox and Swailes; γr – coefficient 
of uniformity according to Voigt 
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Fig. 3. The results of different non-uniformity coefficients for all the experimental fields (F1–F8)

a – coefficient of non-uniformity according to Oehler; Cv – coefficient of variation; Ef – degree of non-uniformity 
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0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

a Cv Ef ϒ 

V
al

ue
 o

f n
on

-u
ni

fo
rm

ity
 c

oe
ffi

ci
en

ts
 (%

) 

Uniformity coefficients 

F1

F2

F3

F4

F5

F6

F7

F8



60

Vol. 64, 2018 (2): 55–62 Res. Agr. Eng.

https://doi.org/10.17221/8/2017-RAE

experimental fields effect, i. e. different irrigation 
machinery, statistically significant differences were 
shown (p < 0.05; F > Fcrit).

Solomon (1979) reported that the coefficient of 
uniformity depends on the system variables (sprin-
kler make, size and type of nozzle, pressure and 
sprinkler spacing), and the main uncontrollable vari-
able, i.e. wind speed. Furthermore, conventional ir-
rigation even uses drip irrigation (Berbel, Mateos 
2014), therefore, farmers need not choose the emit-
ter flow because of unknown properties and irriga-
tion parameters as was stated by Temizel (2016).

In the past few decades, several coefficients of 
uniformity were developed to express the unifor-
mity of water distribution for different sprinkler 
irrigation systems. Christiansen’s uniformity co-
efficient seems to be the most popular uniformity 
coefficient used by researchers on the global scale 
(Li et al. 2015; Lovarelli et al. 2016). Finally, the 
results of work quality study in the Kurdistan Prov-
ince emphasised the fact that various coefficients of 
uniformity depend on the field conditions and one 
is not allowed to use a given uniformity coefficient 
for any other field conditions (Maroufpoor et al. 
2010). Moreover, Castellanos et al. (2016) stated 
that the blue water footprint needs to include the 
extra consumption of water irrigation that a farmer 
has to apply to compensate - firstly, the fail of uni-
formity on discharge of drips, and secondly, perco-
lation losses or salts leaching, which depends on the 
salt tolerance of the crop, soil and irrigation water 
quality. According to Rajan et al. (2015), a producer 
who applies a certain amount of water using a less 
efficient irrigation system could potentially see an 
effective increase in water applied if a more efficient 
irrigation system had been used, simply because a 
larger percentage of the applied water would soak 
into the rooting zone and would not be lost through 
soil evaporation or evaporation from plant surfaces. 
Therefore following Mueller et al. (2012), switch-
ing to a more efficient irrigation system is like get-
ting ’extra’ water to apply to the crop, even though 
the basic irrigation rate stays the same.

Subsequently, a solid set sprinkler system was 
used to investigate the effect of the operating pres-
sures and riser heights of sprinkler on irrigation 
uniformity and its reflection on barley crop yield 
and crop water productivity. For each treatment, 
coefficient of uniformity (CU), distribution unifor-
mity (DU) and coefficient of variation (CV) were 
determined. The CU values were always higher 

than those of DU. The CU and DU increased with 
increasing operating pressure (El-Wahed et al. 
2015; Abd El-Wahed et al. 2016).

Furthermore, in case of explaining some inter-
dependencies, González Perea et al. (2014) in-
troduced a new methodology to simulate the in-
teractions between on-demand water distribution 
systems and irrigation performance in critical points 
that was developed and applied in the BMD (Bem-
bézar Margen Derecha, Spain) irrigation district. 
On-demand irrigation implies a significant expendi-
ture in energy that is even higher when some criti-
cal points are responsible for a large percentage of 
the total pressure head. Thus, the effective manage-
ment of the critical points is necessary to enhance 
the overall efficiency of the irrigation infrastructure 
with minimal costs (Stoate et al. 2009). However, 
a detailed analysis at the water distribution and on-
farm irrigation systems levels is needed before the 
adoption of improvement measures.

CONCLUSION

In conclusion, it is possible to state that the re-
sults are partially dependent on the introduced 
coefficients of uniformity or non-uniformity. No 
statistically significant differences were observed 
in the used evaluation methods (p > 0.05) when the 
effect of locality was not considered, whereas with 
the effect of locality considered, statistically signifi-
cant differences were observed (p < 0.05). When 
considering the coefficient of non-uniformity, sta-
tistically significant differences were not observed; 
yet, in case of considering different irrigation ma-
chines, statistically significant differences were 
observed. The obtained results indicate that the 
evaluation of irrigation uniformity is possible us-
ing other methods, whereas field conditions are not 
interchangeable in the individual analyses.
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