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The Intergovernmental Panel on Climate Change concluded 
in its second assessment report that global climate change 
will increase the frequency of floods and droughts. In the 
future, the increase of water demand will be influenced by 
a number of factors, such as urbanization, the growth of 
irrigated areas and intensive agriculture (Iglesias et al., 2010; 
Kellis, Kalavrouziotis, Gikas, 2013). There are 324 million 
hectares of irrigated land in the world, covering 21% of the 
world’s total production area, with 61% of the harvested 
crops coming only from various cereals (FAO, 2016). The 
average annual precipitation in Hungary is 0.5–0.7 m. 
However, the annual precipitation shows a decreasing 
trend (MET, 2019). The changing weather in recent years 
is also a problem for agriculture (Szalai, 2009; Jolánkai et 
al., 2018). That is why the irrigation is now considered an 
increasingly necessary factor. Nevertheless, due to lack of 
irrigation, the yield averages fluctuate every year. Based 
on the available water resources and water management 
options, approximately 400,000 hectares of land in Hungary 
could be irrigated instead of the current 100.00 ha (Nemzeti 
Vízstratégia, 2017). In order to ensure the stability of crop 
safety, it would be necessary to apply 0.1–0.2 m of irrigation 
water/year, which means 1.000–2.000 m3.ha-1 of water for 
the field. After assessing the needs of the plants, a decision 
must be made to use a proper irrigation method (Smith, 
Baillie, 2009). Depending on the field conditions, the most 
common methods of irrigation within rainwater irrigation 
are linear and winder drum irrigation. The precision irrigation 
is when a precise water application minimizes the adverse 
effects on the environment, while meeting the needs of the 
individual plants (Raine et al., 2007), which is now identified 
as a ’variable rate irrigation‘ (VRI). When using the VRI, some 

important information can be integrated into the irrigation, 
for example soil parameters, topographic maps and data 
of the plant to be irrigated (Boluwade, Madramootoo, Yari, 
2016; Colaizzi et al., 2017; Yari et al., 2017). In our research, 
we aimed to compare the irrigation homogeneity of a linear 
irrigation equipment with the VRI controlled linear irrigation 
equipment, revealing the ratio of underserved and over-
irrigated areas. The surveys were conducted under field 
conditions on sweet corn.

The field surveys were carried out at the University 
of Debrecen, Institutes for Agricultural Research and 
Educational Farm and in the arable areas of Nyírbátor’s 
company in Hungary in July and August in 2019 on different 
types of linear irrigation equipment (Table 1).

In the course of the research, we evaluated the spray 
uniformity of the conventional and linear irrigation 
equipments with the VRI, as well as the proportion of 
under- and over-irrigated areas. Three field surveys were 
conducted in which the precipitation meters were placed 
under the irrigation equipment. The measuring vessels were 
placed in a 4 × 4 grid at every 5 m to 0.3 m and 1.5 m height 
in the maize row spacing at each measurement time. The 
first two measurements were used to examine the standard 
deviation of the utilized water by the conventional linear 
irrigation equipment and the third measurement was used 
to examine the uniformity of spraying and interception of 
the VRI. The corn was 0.5 m high for all three measurements. 
Conventional linear water was applied with a uniform linear 
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velocity of 20 m.h-1 at the same water pressure and in the 
case of the VRI, with 10 · 10-3 m irrigation water application. 
There was complete wind silence at the time of the 
measurements. The spray uniformity was calculated from 
the data of the amount of irrigation water (1 · 10-3) applied 
to the rain meters. To determine the uniformity values of 
the nozzles, we used the Christiansen-uniformity coefficient 
(CUc %) (1) calculated on the basis of the water volumes of 
the collecting vessels placed at a height of 1.5 m (Karmeli, 
1978; Topak et al., 2005) (1). The other really important factor 
is the distribution uniformity (DU%) (2), which is particularly 
sensitive to underwatering, was calculated to determine the 
uniformity of a water application (Kruse, 1978):

  (1)

where:
  – sum of the absolute deviations of the individual 

measurements in relation to the mean
 – average of all measurements
Vi – individual measurement data
n – number of measuring points

  (2)

where:
Xi25% – the average of the water covering of the driest 

quarter
Xi – the average water covering of the whole area

In addition to the calculation of uniformity factors, the 
spatial distribution of the application was also examined 
in order to delimit the under- and over-irrigated areas. 
The limit value of underwatering was calculated as the 
median - (median–minimum) · CUc% (3) for the amount of 
the applied irrigation water. The limit value of over-irrigation 
was calculated as the median + (maximum – median) · 
CUc% (4) for the amount of the applied irrigation water. The 
distribution of an irrigation water application was analysed 
in a Surfer program. 

We have also examined the gradual transition between 
the different irrigation sectors. During the measurements, 
15 rain gauges per meter were placed at a height of 1.5 m. In 
the case of the conventional linear irrigation, its speed was 
reduced to 10 m.h-1 by increasing the amount of the applied 
irrigation water. Concerning the VRI, the water application 

was increased to 20 · 10-3. The development of the amount 
of interception was calculated on the basis of the linear and 
conventional results with the VRI at 0.5 m high maize stands 
with the water volumes of the measuring vessels placed at 
a height of 0.3 m.

Christiansen‘s uniformity factor and the distribution 
uniformity results

The average amount of irrigation water collected in the 
rain gauges placed at a height of 1.5 m was 14.5 ±4.44 · 10-3 
in the case of the conventional linear irrigation system.
The irrigation uniformity of the nozzles was CUc% 75.43% 
and DU% 74.14%. The CUc% value must reach a minimum 
of 84% and the deviation uniformity in practice and the 
minimum value of homogeneity is 80% DU% (Irmak et al., 
2011). Since the results do not reach the minimum values 
for homogenous irrigation, the application of linear water 
is not uniform. The use of the nozzles resulting from the 
older equipment can be the reason for the poor uniformity. 
The average amount of irrigation water collected in the rain 
gauges placed at a height of 1.5 m was 10.03 ±0.64 · 10-3 in 
the case of the VRI. The CUc% calculated from the data of the 
applied water was 95.25% high and the DU% showed 90.97% 
for the VRI, which means that the irrigation is homogenous. 
In addition, the VRI had smaller standard deviation than the 
conventional one without the VRI, which also suggests that 
the water application is more homogeneous and uniform in 
the case of the VRI. The spatial distribution study also reveals 
a significant difference in irrigation uniformity between two 
different linear technologies (Figure 1). 

When we used the conventional linear irrigation 
equipment, the under-irrigated area was 46.15 m2 which is 
20.5% of the total irrigated area. The over-irrigated part is 
7.45 m2 which is 3.3% of the total area. In contrast, when the 
VRI was used, the under-irrigated area was 8.55 m2 which is 
3.8% of the total irrigated area, while the over-irrigated area 
was 0.007 m2 which is 0.03% of the total area.

Evaluation of the gradualness of transition 
between the irrigation sectors

As a pilot study for the conversion of the water applications 
between the sectors, we set up 15 water collector dishes 
in one line in one meter distances. It is important that the 
result represents the increasing water application values of 
a single nozzle. In the case of the conventional linear system, 
we changed the speed of the irrigation equipment without 
changing the water pressure. Thus, the rate of a  specific 

Table 1 The surveyed irrigation equipments 

Location University of Debrecen, Institutes for 
Agricultural Research and Educational Farm Bátortrade Kft in Nyírbátor 

Irrigation equipments Linear irrigation equipment Precision linear irrigation equipment with VRI

Type of the irrigation equipments Valley 8120 universal irrigation equipment 
with underground induction control Reinke E2060PL reversible linear

Type of the nozzles Seninger Rotator® Pivot Sprinkler (Nelson Irrigation 
Corporation)

Results and discussion
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water application was modified. The 
amount of the applied irrigation water 
was regulated at the nozzle level in the 
VRI. In the case of the conventional 
linear system, the speed of the 
irrigation equipment was reduced 
from 20 m.h-1 to 10 m.h-1. We increased 
the rate of the water application from 
10 · 10-3 to 20 · 10-3 in the case of the 
VRI. The uniformity and gradualness of 
the switching between the sectors was 
evaluated with a polynomial function. 
Based on the deterministic coefficients, 
both the conventional and the VRI 
have a sufficiently smooth transition 
between the sectors (R2 = 0.968 and 
R2 = 0.973) (Figure 2).

Evaluation of the effect of 
interception of the irrigation 

distribution uniformity
The interception of the 0.5m high 
maize was calculated on the basis 
of the water collector dishes placed 
at a height of 0.3  m. We did not 
find a significant difference in the 
interception between the different 
linear technologies: the degree of 
interception ranged from 2.5 to 4.69 · 
10-3 in the area, with an average value 
of 3.42 · 10-3. There is no significant 
change in the irrigation uniformity 
based on Christiansen-uniformity 
coefficient between the uniformity 
with and without an interception. In 
the case of the conventional linear 
system, the Christiansen uniformity 
coefficient (ICUc% 74.93%) is just 
0.66% smaller than the interception-

Figure 2 Irrigation water application between sectors

Figure 1 Spatial distribution of the irrigation water application

free values, while for the VRI, the 
Christiansen-uniformity coefficient is 
ICUc% 93.64%, which is 1.69% below 
the coefficient calculated under the 
interception-free circumstances. In 
contrast, more differences were found 
between the conventional and the VRI 
in the case of changes in the DU values. 
The DU value with an interception is 
58.05%, which is 21.7% smaller than 
the DU without an interception, while 
for the VRI, the decrease is only 4.06%. 
The DU is a more sensitive indicator of 
under-irrigation than the CU, because 
it compares the driest quarter water 
application to the average application. 
Though the distribution of interception 
is considered to be homogeneous, 
the effect of interception is more 
significant on the under-irrigated 
sites (20.5% of the studied area) 
with 9–11.5  ·  10-3 water utilization 
compared to the areas with an average 
14.5 · 10-3 water application. The 3.42 · 
10-3 interception represents 30-36% 
of the applied irrigation water in the 
driest area and in those sites where 
the water application was average 
(14.5 · 10-3), the interception is only 
24% of the applied water amount. 
Therefore, besides the fact that less 
irrigation water was applied on the 
under-irrigated areas, the rate of the 
net irrigation water was smaller as well. 

Conclusion
The lack of natural precipitation can be 
compensated primarily with irrigation 
to reduce yield fluctuations, increase 
yields and improve crop quality. The 
application of homogeneous and 
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adequate irrigation water in a field area is important in 
several aspects. Improper application of water can lead to 
the deterioration of the production area, pesticides can leach 
out of the soil as well as deterioration of the soil structure 
and the formation of salinisation can occur. For this reason, 
it is important to use an irrigation system that is suitable 
for applying safe and stable homogeneous irrigation water. 
Our research results, the application uniformity of the VRI, 
are homogeneous, while in the case of the conventional 
linear system, a significant heterogeneity can be observed. 
Use of the VRI in a long-term horizon ensures a good quality 
of field conditions and provides a solid basis for the design 
and development of precise agriculture as well as precise 
irrigation technologies. Moreover, the use of the VRI reduces 
the phenomenon of under- and over-irrigated areas.
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