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SUMMARY

The idea of the scientific research consists in ensuring high-quality water supply for drip
irrigation systems by its rationing and improvement of water treatment technologies and
technical means based on monitoring observations of water composition that is transported
from irrigation sources to water supply points through drip irrigation systems.

The paper presents the results of the research in which water suitability from different sources
is studied. It was determined that water from most sources in Ukraine does not comply with
the requirements for its safe usage in the “irrigation network-plant-soil” sequence. The main
contribution to water quality worsening is provided by suspended particles with their content
in the water from 2 to 50 times higher than it is prescribed by the norms. Suspended particles
of organic nature with biomass in the water of more than 75. 0 g/l impose real danger by
blocking nozzles of drip irrigation systems and violating operation conditions of irrigation. A
reasonable combination of methods, technologies, and technical means of water treatment
according to its quality in water source and drip nozzles parameters determines the long-term
and stable operation of drip irrigation systems and their elements , and also safe usage for
soils, plants, and environment.
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Introduction

The quality of irrigation water is the main factor determining the operational reliability of irrigation
systems, its effect on soil productive and ecological functions as well as the yield of crops (Balyuk et
al., 2015). Climate change has presented new challenges to reclamation science, related to the
deterioration of water quality in surface and underground sources, and prompted the need to review
the mechanisms of water quality formation on the way of its transportation from the irrigation source
to the irrigation system, soil, and plants. The need for monitoring observations is due to the lack of
new knowledge that would enable to describe the processes of water quality formation on the way of
its transportation from the irrigation source to the water supply point and would allow comprehensive
assessment and early prediction of its impact on the operation of irrigation systems, soil functioning
and plant productivity under different water and land use conditions. The water quality determines the
duration and reliability of drip irrigation systems and their elements (filters, pipelines, and drippers),
the technical level of which today places high demands on water quality and makes it necessary to
revise the criteria for its regulations and water treatment efficiency in a new way.

As a rule, the quality of irrigation water for irrigation systems in most studies is evaluated by the
chemical composition determined directly at the irrigation source. The quality of water transported in
drip irrigation systems reaches the point of water supply - soil and plants remained unstudied. Most
results related to the operation of drip irrigation systems were obtained in laboratory conditions on test
benches and installations (Ustiin Sahin et al., 2005; Niu et al., 2013; Zhou et al., 2017), but not in
the field conditions, which makes it difficult to reproduce them in real operating conditions of drip
irrigation systems. This especially applies to the conditions when water composition is saturated with
mineral and organic compounds, aquatic plants, and organisms that enter drip irrigation systems.

According to the assessment of the Institute of Water Problems and Land Reclamation of the National
Academy of Sciences of Ukraine, almost half of the water sources of Ukraine used for drip irrigation
systems do not meet the current requirements of DSTU 7591:2014, DSTU 7286:2012, and DSTU
2730:2015 regarding their use in irrigation systems. According to preliminary data, water in more
than 54% of sources is limitedly suitable for drip irrigation by Ukraine national standard 7591:2014,
in 14 % - unsuitable regarding agronomic criteria, 10 % - unsuitable regarding technical criteria and
only in 22 % of sources water is suitable by all criteria. The water of such quality is used due to the
advantages of drip irrigation in the use of any sources located at the minimum distance from the
irrigation plot that has necessary water availability. The use of drip irrigation in non-traditional areas
of irrigated agriculture contributed to the use of water not only from irrigation systems and canals but
also from waterworks of two-way (drainage and irrigation) systems, local reservoirs, rivers, ponds,
lakes, wells and dug wells (Usatyi, Usata, 2017). Modern methods, techniques, and industrial water
treatment facilities, which are being developed in Ukraine, are based on the approaches allowing to
involve the use of water of quality class below II, which after water treatment becomes safe for the
system "irrigation system - plant - soil" regarding its impact on the functioning of the drip irrigation
system, the state of the plants, the environment, and soil processes. The goal of our research is to
monitor water quality to prove its effect on the performance of the dripper.

Method and Theory

The studies were conducted on the experimental plots on black southern light loamy soils under
tomatoes, an irrigation period which lasted from May to September and consisted of daily irrigation
that provided moisturizing of 0-30 cm layer. Technical means of water treatment of DIS are
represented by gravel-sand filter stations with manual and automatic flushing. The water temperature
in the irrigation sources ranged between 20.8-29.7°C and was higher by 1.5-2.0 °C in the irrigation
pipelines. Samples of irrigation water were taken weekly according to the developed scheme, which
provided the control of the chemical and hydrological composition of irrigation water near the water
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intakes, where the water comes from the main and distribution canals of the Ingulets irrigation system,
after the filtration systems and directly in irrigation pipelines, namely at the pipeline ends. Water
samples were studied by chemical, microbiological and hydro-ecological methods. The nature of the
suspended particles was determined by the parameters of bichromate and permanganate oxidizability,
and their composition, size, morphological structure, abundance, and biomass were estimated using a
hydro-ecological analysis. The methods for determining irrigation water indicators corresponded to
the Ukrainian normative documents. Water quality and its suitability for drip irrigation can be referred
to as limitedly suitable (Class II) according to agronomic and technical criteria conforming to Ukraine
national standard 7591:2014.

Examples (Optional)

Studies have estimated that the hydrochemical and hydrobiological indicators of water in the scheme
"water intake-filtration system-irrigation pipeline" are very volatile and unstable during the irrigation
period. The composition of water varies in fairly wide ranges and in summer periods (June-July) does
not meet the requirements of Ukraine national standard 7591:2014 for it’s safe use in the system
“irrigation network — soil properties” and for plants themselves. The most dangerous components of
irrigation water for this system were increased toxic alkalinity, pH value, concentration of toxic ions,
higher concentration of magnesium cation comparing to calcium, high concentration of iron and
nitrogen, high total mineralization, increased suspended solids concentration. The fluctuations in pH
value in the irrigation water of the experimental plots before and after the irrigation were 0.98-1.53
units, the total mineralization was 0.44-0.52 meq/l, the content of hydrocarbonates was 1.3-2.1 meq/1,
calcium — 2.2-3.6 meq/l, sodium — 2.3-3.7 meq/l, sulphates — 5.1-6.7 meq/l and magnesium — 3.8-
7.2 meq/l (Table 1).

Table 1 Ranges of hydrochemical indicators variations in irrigation water during the irrigating
season of tomato

Number Ranges of indicators variations during the irrigation season
of the ions content, meq/l
experimental | pH . . ) 2t 9t . g ere.ll
plot COs~ |HCO;s | SOq4 Ca Mg Na mineralization, g/l
1 7.0-8.0, 0.0 [3.6-5.4]/5.9-12.6| 2.4-6.0 | 6.8-10.6 |7.9-11.6 1.27-1.75
2 6.7-8.3| 0.0-0.8 |3.7-5.0/7.1-12.2| 3.8-6.0 | 6.0-9.8 [10.0-12.3 1.25-1.69
3 6.8-8.0/ 0.0 [2.9-5.0/6.3-12.9] 2.6-5.6 | 3.4-10.6 |9.0-11.6 1.26-1.78

The content of suspended particles in the water varied by the locations and dates of sampling and was
higher in the water in irrigation pipelines compared to the water before and after filtration, and in
some cases exceeded the content by hundreds of times, as in the case of the experimental site 1, where
the content of suspended particles in the irrigation pipelines increased by 170 times compared to the
water that entered the drip irrigation system after going through the mesh automatic filter station
(Table 2). The composition and quality of water in the irrigation network of drip irrigation systems
deteriorated by the content of total iron to limited suitable and unsuitable for drip irrigation systems
(Table 2). Iron, like sulfates, appeared in the irrigation network after the application of fertilizers that
contributed to the development of hydrobionts in the irrigation pipelines.

The indicators values in water reached the maximum level in late June - early July (Usatyi,
Usata,2016). The leading role in the water quality deterioration regarding technical criteria belonged
to iron and suspended particles, the content of which in the water of the samples studied in June
exceeded the permitted content by 2-50 times.
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Table 2 Change in the composition of irrigation water on the way of its transportation to water supply
oints (multi-year average values)

Number of experimental Content of .
plot, filter type of drip Water sampling point suspended Total iron
irrigation system (DIS) particles, mq/l content, mq/l

1, DIG with mesh before filters 107.7 0.15
automatic filter after filters 93.35 0.13

at the end of irrigation pipelines 15847.47 1.78
2, DIS with disk before filters 80.53 0.26
automatic filter after filters 76.18 0.25

at the end of irrigation pipelines 842.67 0.84
3, DIS with gravel-sand before filters 119.44 0.32
filter with manual after filters 83.56 0.35
flushing at the end of irrigation pipelines 1149.60 0.97

In the water taken from the ends of irrigation pipelines, there were suspended particles that were of
organic origin and were represented by blue-green, diatom, and green algae, the total abundance of
which in water was 71133 thousand cells/l with biomass over 63.72 g/l. The content of suspended
particles of organic nature in the water was in close direct relationship with the total iron content. The
technical condition and depth of the water sources promoted the multiplication of a large number of
aquatic microorganisms, which through water intakes and filtration stations fell into the drip irrigation
systems in small quantities and quickly developed. Intensive growth and reproduction of hydrobionts
in irrigation pipelines occurred in the presence of nitrogen and phosphorus in the water, which
remained in the systems after the use of fertilizers, especially in those cases where post-fertigation
cleaning was not performed. Even the mineralized water of the Ingulets irrigation system was a
favorable environment for the development of simple algae and microorganisms inside irrigated
pipelines. Morphological assessment of algae cells showed that except for the size they are shaped in
the form of protuberances, and the bristles of the mucous "casings" of various configurations which
may contribute to their detention in the outlet of the drippers and cause changes in drippers discharge.

Based on the results of the research, the dependence of the rate of change in the flow rate of drip
emitters on the content of total iron and suspended particles of organic origin was established. Two
rates of the content of suspended particles were established - less than and equal to 75 mg/l and more
than 75 mg/l, which were taken as a basis for developing quality requirements for water by the
content of suspended particles. The danger of drip irrigation water pollution starts at the same time
with a period of "flowering" of algae, which coincides with the plant's maximum water consumption
and, accordingly, with the maximum use of drip irrigation. According to the results of our research
exactly during this period, there are an increased number of cases with a decrease in drippers’
pressure discharge characteristics because of their clogging (Figure 1).

Express microscopic analysis of all water samples taken from the ends of irrigation pipelines revealed
a significant number of invertebrates in the form of fine-celled organisms, whose dimensions vary
within a wide range - from 2.1 micrometers to centimeters. They were represented by animals of
different systematic taxon - from Protozoa to crustaceans (Cladocera, Copepoda, and Rotatoria). In
the addition to simple organisms, zooplankton was characterized by a high diversity within which 34
forms of invertebrates of various systematic taxons were identified. Rotifers were most widely
represented. The high taxonomic and quantitative diversity of phytoplankton and zooplankton,
irrespective of the chemical composition of irrigation water, can today generate significant biological
disturbance to drip irrigation systems, especially drippers, which are their most vulnerable element.
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Figure 1 Changes in the uniformity of irrigation during the irrigation period

Drippers among other elements of drip irrigation systems will act as barriers to such components and
delay them in their inlets if their dimensions will be smaller than inlet sizes or if their content will
exceed acceptable levels. The main condition under which intensive growth and multiplication of
phytoplankton and zooplankton occur in irrigation pipelines is the presence of nitrogen, phosphorus,
and carbon that remain in irrigation systems after fertigation, especially when there were no post-
fertigation cleanings with fresh water.

Conclusions

The conducted researches testify to a sufficiently high diversity of hydrobionts in irrigation water,
which allows them to penetrate, and then adapt and vegetate in irrigation pipelines of drip irrigation
systems and influence the deterioration of the efficiency of the entire irrigation system. Accordingly,
water treatment methods, composition, and calculated parameters of technical means of water
treatment must be chosen taking into account the dynamics of water quality obtained in monitoring
observations, as well as the requirements and parameters of drip emitters, which will ensure the
optimal flow rate and uniformity of watering in drip irrigation systems.
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