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The soil and climatic conditions of south-east Kazakhstan are favorable for
growing sufficient amounts of agricultural crops, including vegetables. Kazakhstan was
on the bottom line in terms of water supply among the post-Soviet countries before it
became an independent state. Therefore, among recent tendencies there is a shortage of
irrigation water and worsening of soil fertility mostly associated with global warming/
climate change, and as a consequence of the irrigation systems’ destruction during the
period of changes. Consequently, such issues encourage agricultural scientists to investigate
and adapt water-saving technologies to the local soil and climatic conditions. These
technologies allow water saving and protect the soil from erosion due to irrigation, as
well as increasing the productivity of agricultural crops of particular vegetables. Thus,
in the conditions of the south-east Kazakhstan several studies have been conducted to
evaluate the sprinkler irrigation system (finely dispersed irrigation) for carrots. The aim
of this paper is to assess the effect of sprinkler irrigation on the water consumption of the
carrot crop, contamination of the fields, yield and quality of the product. It has been
established that finely dispersed irrigation (sprinkler irrigation) helps to conserve
irrigation water by 18.44% on the carrot sowings compared to traditional method of
watering. Moreover, sprinkler irrigation contributed to higher yields of the carrot,
improved the product quality and led to the reduction of the field contamination.

Keywords: carrot, sprinkler irrigation, crop yield,
field contamination, product quality, south-east Kazakhstan.

Generally, sometimes we do not think
about what benefits we get from vegetables in our
daily diet. Since ancient times, vegetables have
been used in food as a dietary and therapeutic
agent. Natural food takes a leading place in the
diet of most of mankind. It was found that proper
selection in the variety of vegetables and growing
technologies not only provides the body with
carbohydrates, fats, vitamins and minerals, but

also supplies it with proteins that contain amino
acids necessary for one’s wellbeing.

Numerous studies have reported the
importance of plant foods containing nearly all
nutrient compounds, vital for human nutrition as
well as a large number of health-promoting chemical
substances1. For instance, amino acids, vitamins C
and B, and some plant secondary metabolites such
as flavonoids, phenoloc acids, lignans,
carotenoids, tocopherols and tocotrienols are
essential for human body. Furthermore, some
vegetables including carrots comprise high
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concentrations of those compounds1-3.
Carrot (Daucus carota L.) is one of the

important vegetable that contains various amounts
of beneficial substances, including ascorbic acid
(vitamin C). It has been established that ascorbic
acid hinders some illnesses such as cancer4-5,
cardiovascular diseases6, high blood pressure,
diabetes, and atherosclerosis7-9. Moreover, the
carrot is a good source of carotenoids and its
regular consumption is associated with a reduced
risk of many chronic diseases10. Many studies have
shown the positive correlation between high
vegetable intake and decrease of some diseases.
Therefore cultivation and regular consumption of
the carrot and vegetables in general are of a major
importance.

Regarding this challenge, the successful
solution needs a sustainable base for agricultural
production and food availability for the whole
population of Kazakhstan. According to data from
the Statistics Committee the total cultivated area
of vegetables in the republic in 2015 was 137.7
thousand hectares with an average yield of 15-24
t/ha and gross yield of 3469.9 thousand tons. In
the human diet a significant place is taken by the
edible roots that account for 20-35% of all
vegetables11.

The leading role belongs to carrot
(Daucus Carota L.) – a valuable vegetable crop
used in human food since ancient times. The norm
of its consumption per person comprises 8.7 kg
per year. This culture is characterized by high yield,
steady quality and, of course, it is used in cooking,
canning and drying. Carrots contain more than 14%
of dry matter, 10% of carbohydrates and 10-15% of
carotene12. Among vegetable crops, carrot takes
one of the leading places in Kazakhstan in terms of
its sown area, and it is important to the diet of the
population13. In Kazakhstan carrot sowings occupy
an area of 20.2 thousand hectares with a gross
yield of 523.2 thousand tons.

At the same time, the yield of vegetable
crops in the country is still low. One of the main
reasons is the lack of soil moisture due to an acute
shortage of irrigational water. As has been reported,
good quality watering is achieved only with the
right choice of method and technique of irrigation,
because irrigation regime, crop yields, labor
productivity and volume of planning works largely
depend on it14. In this aspect the application of

water-saving technologies is important since the
possible irrigated land of the country is about 2
million hectares. It also should be noted that in
accordance with the relevant medical standards,
126 kg of various vegetables and 20 kg of melons
have to be consumed by each Kazakhstan
inhabitant annually, which requires an increase of
the planted area and productivity through the use
of different types of resource-saving irrigational
technologies. Thus, there is a great potential for
the introduction of water-saving technologies,
including sprinkler irrigation systems. One such
resource-saving irrigation method is finely
dispersed irrigation or sprinkler irrigation. It aims
at regulating the phyto-climate of soil and plants
as well as meets the requirements of water
conservation14. Sprinkler irrigation is not widely
used in Kazakhstan yet and considered a relatively
new method of watering which demonstrates the
relevance of the research. In order to implement
this technology at farms, the comprehensive study
of the topic in the climatic conditions of Kazakhstan
is needed.

MATERIALS AND METHODS

Description of the experimental plot
Research into the effect of sprinkler

irrigation application during the growth season of
carrot (Daucus carota L) was carried out on the
experimental plots of the Kazakh scientific research
institute of potato and vegetable growing located
in the foothills of south-east Kazakhstan, on the
northern slope of the Trans-Ili Alatau at an altitude
of 950-1050 m above sea level. The soil of the
experimental plots was dark chestnut, medium
loamy, with undeveloped profile, clearly
differentiated into genetic horizons. The topsoil
contained 2.9-3.01% of humus; 0.18-0.20% of total
nitrogen; 0.19-0.20% of total phosphorus and 2.4-
2.7% of total potassium. The content of mobile
phosphorus and potassium in the topsoil was 33-
35 mg/kg and 340-360 mg/kg, respectively. The
reaction of the soil solution was slightly alkaline
(pH 7.3-7.4). Soil bulk density was 1.1-1.2 g/cm3,
the lowest water capacity made up 26.6%. Soil
structure was loose and formed a dense crust
during the irrigation or after rain, which broke its
water and air regimes.

The local climate was sharply continental.
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The stable transition of air temperature over 0 °C
in the spring took place at the end of second and
at the beginning of third weeks of March; in the
autumn – at the end of the first and at the beginning
of the third weeks of November. The sum of the
active temperatures was 3100-3400 ºÑ. Spring frosts
stopped in the third week of April, and were renewed
in the autumn, in the third week of September or at
the beginning of October. The average duration of
the frost-free period comprised 140-170 days. The
annual precipitation was 350-600 mm of which 250-
320 mm coincided with the warm period. The
hydrothermal factor was 0.7-1.0.
Equipment description

The irrigation equipment used was from
the Israeli company «Naan Dan Jain», which fully
met the requirements for the quality and durability
of products. All production processes matched the
most stringent requirements of international quality
standards (ISO 9001:2000). The developed system
of sprinkler irrigation was performed with all the
requirements of sustainability. The complete
sprinkler system consisted of a polyethylene pipe
with the diameter of 50 mm and was collected using
10-12 meter segments. Sprinkler model was 5022
SD; pressure – 3.5 bar; nozzle – 3.5 mm; the water
flow – 0.87 m3/h; the diameter of the 1 sprinkler
spraying – 12 m.
Biological materials

On experimental plots, a local variety of
the carrot Alau (Daucus carota L) was cultivated.
Agricultural technologies were applied in
accordance with the generally accepted
recommendations of KazRIPVG in the piedmont
area of south-east Kazakhstan.
Analytical methods and parameters measured

Studies were conducted in accordance
with the classical methods, guidelines,
recommendations and instructions15-18. Norms of
vegetative watering were determined by moisture
deficit in the soil between the upper limit of moisture
content (field capacity) and the lower limit formula
by I. A. Kostyakov: M = 100 L h(MWC – AM) CF
where: M – irrigation norm, m3/ha; L – soil bulk
density, g/cm3; h-depth of wetting, m; MWC –
minimum water capacity,%; AM – actual moisture
before irrigation,%; CF – correction factor of the
accounting for water on evaporation and
transpiration (CF = 1). Accounting for irrigation
water was carried out through a flood-free weir

“Chipoletti” with a threshold of 50 cm placed at
the beginning and end of the experimental plot to
measure the wastewater. The quality indicators of
vegetable production were defined by the
following methods: dry matter – according to the
method of drying; total sugar – according to
Bertrand; vitamin C and carotene – according to
Murry; nitrates – potentiometrically using ion-
selective electrodes. The calculation of crop yield
was done by a continuous method on each
replication of field experience with the definition
of the structure of the crop. Quantitative and
gravimetric methods were used to control the field
contamination. For example, the areas (constant
for the period of experiments) of a certain size were
allocated on experimental plots, where the number
and wet weight of weeds in 1 m2 were determined.
A commonly used method in the Republic of
Kazakhstan “Guidelines for the registration tests
of herbicides, defoliants, desiccants and plant
growth stimulants” was applied19. Mathematical
processing of the obtained data was conducted
by the analysis of variance16.

RESULTS AND DISCUSSION

KazSRIPVG conducted studies to assess
the fine irrigation system (sprinkler irrigation) of
«NaanDaanJain» (Israel), a leading company in the
sphere of water-saving technologies. Finely
dispersed irrigation or sprinkler irrigation using
sprinklers (spray sprinklers) is one of the main
methods of irrigation in areas with uneven terrain
and with an acute shortage of irrigational water.
Field experiments concerned vegetables such as
carrot. The influence of sprinkler irrigation on the
conservation of irrigation water, contamination of
the fields, productivity and quality of vegetable
crops was studied.
Conditions of growing

Weather conditions in 2014 were
characterized with a cold spring and a large amount
of rainfall (133.5 mm – in April). Low temperatures
for a long time and excess moisture in the soil had
a negative effect on seedling emergence and
development of early sown vegetables (carrots).
At the same time, diseases developed. Prolonged
cold and rainy spring gave way to hot summer
period with high air temperatures (up to 35-37°C)
along with continuous absence (more than 2
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Table 3. Effect of irrigation technology on biochemical indices of production in 2014-2015

Irrigation Indicators

technology Dry matter, % Total sugar, % Vitamin C, mg% Carotene, mg% Nitrates, mg

and period FI* SI** FI* SI** FI* SI** FI* SI** FI* SI**

2014 12.73 12.82 8.65 9.0 9.95 8.7 16.49 16.7 86 144
2015 12.20 15.08 10.0 9.5 9.4 9.5 16.5 17.30 93 85

FI* – furrow irrigation; SI** – sprinkler irrigation.

Table 2. Influence of sprinkler irrigation
on the yield of carrots (2014-2015)

Irrigation technologies Research years

2014 2015

Furrow irrigation (control) 25.2 26.4
Sprinkler irrigation 28.3 30.7
Harvest difference    t/ha 3.1 4.3
                                 % 12.3 16.3
m, % 2.32 3.03
LSD05, t/ha 2.07 2.88

Table 1. Meteorological data for the 2014-2015 seasons of growth

Periods The season of growth (months) The sum of (average)

April May June July August September during the
growing season

Temperature, °C
2014 10.02 17.34 22.03 25.5 22.6 15.2 18.8
2015 4.15 11.02 15.2 29.6 23.75 14.3 16.3
Long-term data 9.2 14.5 18.8 21.5 20.9 17.6 17.1
Relative humidity, %
2014 77.2 53.8 56.7 54.5 44.0 59.6 57.6
2015 71.78 68.22 56.0 42.9 49.1 62.7 58.45
Long-term data 66.03 61.0 55 49.2 57.0 57.0 57.9
Precipitation, mm
2014 133.5 58.0 17.5 7.0 12.5 0.9 229.4
2015 74.8 42.5 59.0 22.0 20.0 26.0 239.3
Long-term data 90.6 81.2 57.7 21.8 17.5 22.1 288.0

months) and a minimum amount of rainfall. So, from
June to September a very small amount of
precipitation fell, which differed significantly from
the average long-term data. Hot weather with low
relative humidity had a depressing effect on the
growth and development of vegetable crops. The
uneven distribution of rainfall during the growing
season (April-September) is shown in the 2014
meteorological data (Table 1).

In turn, the weather conditions during the
vegetable growing season of 2015 also differed
somewhat from the long-term average data. These
strong fluctuations of weather conditions were
observed for several months. Thus, the average
monthly air temperature in April was 4.5°C, which
meant 2 times lower than the average long-term
data (9.2°C). In May, June and September decreases
in temperature compared to the long-term data on

3.3-3.6°C was also noted, and, on the contrary in
July, there was a significant (by 8.1°C) excess –
from 21.5°C to 29.6°C. Relative humidity also varied
considerably from the average long-term
performance: in April – 71.8 and 66.0%, in May –
68.2 and 61.0%, July – 42.9 and 49.2% respectively.

The quantity of atmospheric precipitation
was significantly lower compared to the average
long-term data, similar to 2014. During the growing
season there only 239 mm of rain fell, which was
less than the average annual data (288 mm) by
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17%. In April the amount of rainfall was 74.8 mm,
and in May 42.5 mm, less than the average long-
term data by 17.4 and 47.7%, respectively. The least
precipitation occurred in the spring. Inadequate
rainfall was regulated by irrigation of vegetable
crops.

In general, the weather conditions during
the season of growth (April-September) in 2015
were relatively favorable for the cultivation of
vegetable crops, while, 2014 turned out to be
extremely unfavorable. During the vegetable
growth season, the negative impact of unfavorable
weather conditions on plant growth and
development and on the formation of the vegetable
crop yield was reduced through agricultural
activities (watering, fertilizing, interrow handling,
pest control, etc.).

Effect of sprinkler irrigation on the
contamination of carrot fields and amount of
irrigation water

Phytosanitary monitoring of vegetable
crops showed that during sprinkler irrigation
contamination of fields was markedly reduced.
Compared to the furrow irrigation the number of
weeds on the carrot fields was decreased by 38.27%
in 2014. Fewer weeds were also detected in the
received data in 2015. So, the contamination of the
carrot fields was decreased by 54.45% (Figure 1).

From these results, it should be noted the
advantage of using the sprinkler irrigation. In
experiments with carrots sprinkler irrigation has
had a positive influence on the formation of
vegetative biomass and edible parts of crops.

Thus, in this experiment variant, carrot
plants were leafier, had greater overall weight that
showed the positive influence of the finely
dispersed irrigation. Therefore, plants have
developed more intensively, formed more powerful
biomass, thereby suppressing the growth of

weeds. In addition, reducing the number of weeds
was due to the supply of irrigation water, for
instance, when watering overlap weed seeds
spread everywhere contaminating the fields.
Thereby it requires greater chemical and mechanical
processing of the fields. The sprinkler irrigation
significantly reduces the frequency of handling.

The slope of a foothill zone of the south-
east of Kazakhstan is 3-5º. With traditional furrow
irrigation percentage of nutrient washout from the
soil is very high due to irrigation erosion20. As the
results have demonstrated, the sprinkler irrigation
could prevent this deterioration of agrophysical
properties of the foothill dark brown soils. Soil
compaction was decreased compared to the furrow
irrigation: bulk density was 1.16 and 1.20 g/cm3,
the porosity of the soil – 54.5 and 58.9%
respectively. This ensures optimum water-air regime
in soil for the root development and vegetative
biomass of vegetables. Thus, the use of sprinkler
irrigation has a positive effect on plant growth and
development, on the formation of vegetative
biomass and edible parts.

Meanwhile, studies on the consumption
of irrigation water have shown that between two
irrigation technologies there was a notable
decrease in the cost of irrigation water due to the
sprinklers used. Conservation of irrigational water
is a significant indicator of the effectiveness of
water-saving technologies. Therefore, the
measurements on the plants water consumption
were carried out.
In 2014 while under furrow irrigation the carrot crop
used 3700 m3/ha of water during the growing
season, whereas under sprinkler irrigation the water
used was 3040 m3/ha (Figure 2). Saving of water
for the irrigation season of carrot consisted 660
m3/ha or by 17.84%.

Fig. 2. Influence of sprinkler irrigation on conservation
of irrigated water on carrot fields, m3/ha (2014-2015)

Fig. 1. Influence of sprinkler irrigation on the
contamination of the carrot sowings (2014-2015)
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Correlation of two factors: “irrigation system” –
“crop yield and quality”

In irrigated horticulture, great attention
is paid to the productivity of vegetable plantations.
Each hectare of irrigated land is very important,
especially in the foothills of south-east Kazakhstan.
Therefore breeding research and technological
development mainly focus on increasing the
productivity of vegetable crops. The main indicator
for the assessment of new technological
developments in horticulture has always been the
yield of vegetable crops. According to the research
conducted, sprinkler irrigation technology
provided a significant increase in the productivity
of vegetable crops. Finely dispersed irrigation
compared with furrow irrigation helped to improve
the yield of carrots by 12.3% and 16.3% in 2014
and 2015, respectively (Table 2).

The value of the final harvest of
vegetables has a close relationship with the habitus
of plants. The stronger growth of plants leads to
the higher productivity. Plants with strong
development of biomass are more resistant to
diseases and pests and suppress weeds. They
have better developed photosynthetic activity that
produces high yields of environmentally friendly
vegetables with high quality indicators due to the
exclusion or minimization of chemical treatments
against pests. As has already been mentioned,
finely dispersed irrigation contributes to a more
powerful plant growth and development in
comparison with the conventional method of
furrow irrigation. Therefore, development of
vegetable plants has a very important agro-
economic and environmental meaning.

Since vegetables are important sources
of vitamins, minerals, micronutrients,
carbohydrates, biologically active substances, as
well as dietary fiber needed to full and balanced
diet, yields of vegetable crops should be
environmentally friendly and safe. In this regard
the biochemical analyzes of the vegetable crops
on the determination of their quality have been
carried out at the laboratory of mass analysis of
KazSRIPVG. Consequently, the positive impact of
sprinkler irrigation technology on the biochemical
indicators of vegetable crops should be
highlighted (Table 3). The amount of dry matter,
vitamin C and carotene carrots contain have all
increased.

Particular attention should be paid to
enhanced amount of carotene, for which the carrot
is valued. In 2014, while sprinkler irrigation the
carotene content (provitamin A) in the edible parts
raised from 16.49 mg % to 16.7 mg%. In 2015, these
rates varied from 16.5 mg % to 17.3 mg%. Dry matter
content increased up to 15.08%. The nitrate content
in carrot roots according to the irrigation methods
was 86 and 144 mg per 1 kg of wet weight in 2014,
and 93 and 85 mg/kg in 2015. If one considers that
acceptable levels of nitrates in carrot is 400 mg/kg
of wet weight21 then the product can be considered
as environmentally friendly.

CONCLUSION

The leading countries of the world use
finely dispersed irrigation on large areas. In the
Republic of Kazakhstan sprinkler irrigation is
relatively new and not widely used yet. Before
recommending and implementing the technology
of sprinkler irrigation it is necessary to
comprehensively study and determine its
agronomic, economic and environmental
efficiencies. Therefore, our research has focused
on the impact of fine sprinkling irrigation on the
main indicators of the productivity of vegetable
crops such yield and quality, as well as the amount
of irrigation water used and the contamination of
the fields. So, there was a positive impact of finely
dispersed irrigation technology on the water
conservation up to 18.44% during irrigation of the
carrots. Contamination of fields has decreased by
38.27% to 54.45% for each respective research year.
The most important indicator such as crop yield
also has increased compared to the traditional
method of watering. Sprinkler irrigation technology
contributed to the additional 3.1-4.3 tons of crops
from 1 hectare.

Thus, a relatively new kind of irrigation
for the country – finely dispersed irrigation
technology using sprinklers has certain
advantages over traditional furrow irrigation, and
is promising for irrigated vegetable production in
Kazakhstan. Studies showed that the sprinkler
irrigation demonstrates high efficiency and has
great prospects in the conditions of a foothill zone
of south-eastern Kazakhstan.
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