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Summary: Design of irrigation systems is not possible without a reliable calculation of
evapotranspiration. In order to ensure production of high quality fruit, the latest
technological solutions are applied in the field of irrigation, protection from bacteria,
rodents and birds, protection from weeds, effects of hail, frost and excess rain. Today,
the use of anti-hail net is considered as one of the most effective ways to protect
orchards from the hail. In addition, it has the role of protecting from birds and insects,
wind and the strong solar radiation. There are changes in the microclimate conditions
due to the anti-hail net. The changed parameters in the orchards such as intensity of
light, air temperature, relative humidity, and wind velocity depend on the characteristics
of the anti-hail nets (the quality and thickness of the fiber, color, openings size). All that
directly affects the evapotranspiration of orchards and should be taken into account
when designing the irrigation systems. This paper presents estimation of
evapotranspiration using the FAO-56 Penman-Monteith method. Based on the results, it
is clear that the evapotranspiration of the orchard covered by anti-hail nets decreases
compared to the orchard that is not protected by the anti-hail nets.
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1. INTRODUCTION

Irrigation is a hydraulic engineering measure comprising transporting water to the crops,
for the purpose of obtaining high and stable crop yields, irrespective of the weather
conditions. Water is supplied in the amounts and timing required for the crops. These
conditions suggest that one of the most important elements in design of the irrigation
systems is definition of the crop water demand, which determine the relevant water flow
needed for design [1].

Crop water demand is expressed through evapotranspiration of the crops (£7,) which is
detrermined on the basis of the value of reference evapotranspiration (E7,) and the crop
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coefficient (k.). Evapotranspiration of a particular crop is different from the reference
evapotraspiration to the extent to which the degree of land coverage, surface and
aerodynamic resistancs of that culture are different from the reference crop (grass).
Coefficients of fruit crops in the warmest season of the year range between 0.8 and 1.2.
This difference is irrelevant for the scope of this paper, thus only the reference
evapotranspiration calculation is performed in the paper.

Anti-hail nets represent the most efficient means of protecting orchards from hail,
recommended for regions with frequent hail incidents [2]. The existing protection
system, i.c. anti-hail rockets does not reduce the need for anti-hail nets. In fact, the two
are mutually complement and comprise a unique system. They are applied for highly
prized and high-yield fruit species, i.e. in crops, which show great potential, and whose
fruit is used fresh [2].

The anti-hail nets are built from materials (high-density polyethylene) with highly
valued physicochemical, thermal and electrical properties. Therefore, in addition to the
fundamental role of protecting the orchard from hail, the networks also have the role of
protection against insects, birds, wind and strong sun radiation. The net also has an
impact on the change in microclimatic conditions inside the orchard itself. Namely,
under the effect of the net, inside the orchard, there are changes in the insolation, air
temperature of the plant and soil, air and soil humidity, as well as wind speed [3-7].
Changes in these parameters lead to changes in the fertility, productivity and fruit
quality, the reduction of scorching, and even a better fruit color.

This paper contains solely the analyses of the elements, which have a direct impact on
the change of evapotranspiration, which the orchard irrigation system design is
dependent on, i.e. air temperature, humidity, vapor pressure, sunshine hours and wind.

The impact of anti-hail nets on the climatic parameters used for the calculation of
evapotranspiration and its impact on the system of irrigation were also considered, in
order to be able to consider the changes in designing the size of the system of the
experimental field near Hum village, close to Nis. The evapotranspiration calculation
was performed using the FAO-56 Penman-Monteith method.

2. MATERIALS AND METHODS

For the calculation requirements of the reference evapotranspiration outside the area
covered by anti-hail nets, the information used in this paper was taken from the
Meteorological Annual for the city of Nis (longitude 21°53°46”, latitude 43°19°09”,
elevation 195 m) for the period from 2001 to 2010, for the months of June, July and
August. Due to the lack of the measured values, the value of the reference
evapotranspiration under the anti-hail nets was determined by reducing the values of
meteorological parameters corrected according to the measurement results published in
papers (Table 1.) [3-5, 7]. Figure 1 shows the corrected values of the maximum and
minimum air temperature, wind speed at 2 m height, vapor pressure and sunshine hours
for Nis in June.
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According to [3, 5], there was an increase in the minimum air temperature in the orchard
of 1 °C and the decline of the maximum air temperature of 1 to 3 °C during warm and
hot days. The increase in the pressure of water vapor below the anti-hail nets, compared
to the area outside the nets, ranged from 2 to 5 % [7]. It is stated in [3] that the wind
speed below the nets dropped by approximately 50 %. The decrease in the level of
lighting depends on the characteristics of the network, especially the color of the
network. In case of the black nets, it can be from 18 to 25 %. For the white ones, it can
range from 8 to 12%, for the gray ones from 15 to 17 %, while the values for the green-
black ones, it can be 15 to 16 % [3, 4].
Table 1. lllustration of the change in climatic parameter values

Parameter name Parameter designation Change
Minimum air temperature Timin +1°C
Maximum air temperature T nax -3°C
Vapor pressure VP +5%
Wind speed at 2 m height U, -50 %
Sunshine hours n -15%
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Figure 1. Corrected values of the considered parameters for June

Calculation of the reference evapotranspiration _was performed based on _the
Penman-Monteith formula (Eq. 1), with the aid of the software for the calculation of
the reference evapotranspiration with minimum climatic parameters [8-10]:

Q
0.4 :a-a-(Ru—GJw-%- .
A+y-(1+0.34-U,) @
where: ET,— reference evapotranspiration (mm day™); A - slope of the saturation vapor
pressure function (kPa °C™); R, — net radiation (MJ m™ day™); & — soil heat flux density

U, - VPD

El=
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(MJ m? day™); ¥ — psychometric constant (kPa °C™"); T — mean air temperature (°C); U;
— average 24 h wind speed at 2 m height (m s) and V2D — vapor pressure deficit (kPa).

3. RESULTS AND DISCUSSION

Figure 2. shows the monthly values of the reference evapotranspiration for June, July
and August in the period from 2001 to 2010 for the city of Nis, below and outside the
anti-hail nets. The selected months are considered as these are the months in which the
irrigation system sustained the greatest load.

When the values evapotranspiration are considered for June, the highest value was
calculated in 2003. It was 155 mm/month outside the area coverd by the net and 133
mm/month inside the area covered by the net. The reference evapotranspiration below
the net decreased by 16.6 % in comparison to with the evapotranspiration outside the net
in June 2003, and this was also the greatest decrease in the evapotranspiration in the
reviewed period.
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Figure 2. Values of ET,for June, July and August

The maximum evapotranspiration for July, outside the anti-hail net, equaled 160
mm/month, while it is was 132 mm/month inside the net, and these values were
determined in 2007. Furthermore, the greatest decline in the reference evapotranspiration
was also recorded in 2007, equaling 21.3 % between the evapotranspiration outside and
inside the area covered by the anti-hail net.

The values obtained in August show that the greatest value of the reference
evapotranspiration outside the net was obtained in 2003, amounting to 151 mm/month.
The greatest evapotranspiration value inside the anti-hail net amounted to 121
mm/month, and it also occurred in 2003. Year 2003 also saw the greatest percentage in
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the reference evapotranspiration value decrease, both outside and inside the areas
covered by the net, equaling 24.2 %. By comparing the reference evapotranspiration,
there was a decline in the evapotranspiration inside the anti-hail net, when compared to
the values of evapotranspiration outside the network, i.e. it was 15.7 % for the total
reviewed period. The average reference evapotranspiration decline for the total reviewed
period was  13.2 % for June, 16.8 % for July, and 17.1 % for August.

4. CONCLUSION

Apart from the primary function of the anti-hail net to protect the crops from the harmful
effects of the hail, it also has a significant impact on the microclimate of the orchard,
which, among other things, causes the decrease of the reference evapotranspiration, as
was shown in this paper. The reduction of evapotranspiration of the crops is proportional
to the reduction of reference evapotranspiration and has an impact on the decrease of the
necessary irrigation water quantities. Delivery of lower quantities of water, governed by
the microclimate of the land, has a considerable impact on the crop and the soil, as there
will be no water logging, creation of crust on the surface and plant rotting due to the
surplus water. The new microclimate will bring about savings of the irrigation system,
such as the reduction of the necessary pump power, which leads to direct energy savings,
and the reduction in the water supply pipe diameter.

Based on the results of the research, it can be concluded that the average decrease in
reference evapotranspiration was 13.2 % for June, 16.8 % for July and 17.1 % for
August. Future work will be aimed at the research of the influence of anti-hail nets of
various colors and types of texture on the evapotranspiration of orchards, which will be
calculated with the modified Hargreaves method.
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YTHUIAJ IPOTUBI'PAJHUX MPEXA HA
HNPOJEKTOBAIBE CUCTEMA 3A HABOJAILABAIBE

Pezume: Ilpojekmosare cucmema 3a HA800WwA8arwa Huje mocyhe 6e3 noyzoamoz
npopauyna esanompancnupayuje. Kaxo 6u ce omocyhuna npou3eoorwa npouzeooa
8UCOKO2 K8anumema y eohapcmey ce npumerbyjy HajcaspemeHuja mexHoaouKa peulersba
y obracmu Haso0RABARA, 3auimume 00 bakmepuja, 2100apa u nmuya, 3aumume 00
Koposa, dejcmea epada, mpasza u suwika kuwe. Kopuwhere npomusepadue mpeossce ce
danac cmampa jeonum o0 Hajegpuxacnujux nawuna 3awmume ohmwarxa oo epada. Ocum
moea uma yaozy 3aumume 00 NMUYA U UHCEKAma, 6empa U 00 jakoz CYH4e802 3payerbd.
Ilocmasmarbem npomugepaoHux mpexica 00na3u 00 NPoMeHe MUKPOKIUMAMCKUX YCI084.
YV 3aeucnocmu 00 rkapaxmepucmuxa mpedce (kearumem u Oebsuna eraxaua, 6oja,
8eUYUHA 0ME0pa) donasu 00 npomena y 6ohraky u mo: Keanumema u UHMeH3UMemd
cgemaocmu, memnepamype 6azo0yxd, 8IadiCHOCmu 6azdyxa u opsune eempa. Cee ce mo
OUPEeKMHO 00padicaéa HA eeanompaHcnupayujy eohrwaxa u mpeba yzemu y o03up npu
npojekmogarsy  cucmema 3ad HAgoowasarwe. Y pady je ypahen npopauyH
esanompancnupayuje no memoou FAO-56 Penman-Monteith. Ha ocnogy O0obujenux
pe3yamama jacho ce youaga 0a ¢y 8peOHOCmu eeanompancnupayuje 3a eohrax Koju je
NOKPUBEH NPOMUBZPAOHUM MPeHCamMa HUdxice y 0OHOCY Ha 80hrbak Koju Huje 3awmuhen
00 dejcmaa epada.

Kuwyune peuu: Ilpojexmosarve, cucmemu 3a HAB00MwAGAIE, NPOMUBZPAOHE Mpedice,
esanompancnupayuja, FAO-56 Penman-Monteith
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