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Abstract. Experience shows that for the irrigation of intensive gardens, various types of equipment and technologies are used,
such as continuous irrigation (invasive), drip irrigation, subsurface irrigation and other methods. All irrigation options have some
shortcomings, such as water evaporation, high water consumption, high consumption of mineral fertilizers and energy. (Research
purpose) To develop an automated system for subsurface irrigation of intensive gardens with groundwater using electric pumps
and solar panels, and to create a mathematical model of soil moisture distribution. (Materials and methods) Special devices
shaped as pegs were designed to supply water with dissolved mineral fertilizers directly into the root system of intensive gardens.
The authors investigated the pegs’ geometric parameters and the criteria for their placement in the soil, taking into account the
consumption of water and nutrients. The authors examined soil mechanical composition and salinity as well as its physical and
mechanical, technological properties. (Results and discussion) It was found out that the installation of the peg facilitates soil
moisturizing through the central pipeline within the radius of 1.55-1.75 meters at the depth of 0.7-0.9 meters. Three-four pegs,
being equidistant from each other and inclined in relation to the vertical axis by 20-30 degrees, were placed around a tree. Water
consumption was determined for various irrigation methods: for furrow irrigation (control) — 1125.7 cubic meters per hectare, for
continuous irrigation (invasive) — 1812.3 cubic meters per hectare, for drip irrigation — 618.6 and subsurface irrigation — 506.4
cubic meters per hectare. (Conclusions) Based on the results of the experimental study carried out in farms with intensive gardens
using various irrigation methods, continuous irrigation (invasive), drip irrigation and subsurface irrigation were compared in
terms of water consumption. The results show that drip irrigation and subsurface irrigation ensure less water consumption than
flood irrigation, by 46 per cent and 57 per cent respectively. It was found out that subsurface irrigation ensures 57 per cent water
and 25-35 per cent mineral fertilizer economy, in comparison with the other methods of providing trees with water and nutrients.
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Pedepar. [Toxazanu, uto 11 00eCeUeHNS] HHTCHCHBHBIX CaJI0B BOJIOH MIPHUMEHSIOT Pa3IMYHbIE TEXHOIOTHH: OOPO3IKOBBIN MO-
JIUB, KaleIbHOE WM BHYTPUIIOYBEHHOE OpomieHne. OTMETIIIN CPEM HETOCTATKOB BO BCEX BapUaHTaX OONBIIOH PacXoi BOMBI,
MHUHEpaNbHBIX yno0peHuii u suepruu. ([fens ucciedosanus) PazpaboTarth aBTOMATU3UPOBAHHYIO CUCTEMY BHYTPHIIOYBEHHOTO
OpOIICHNS MHTEHCUBHBIX CaJI0B TPYHTOBBIMU BOJAMH C TIOMOIIBIO JIEKTPOHACOCOB M C UCIIONB30BAHUEM CONHEUHBIX Oarapeii,
a TaKkXKe CO31aTh MaTEMATUIECKYI0 MOZIENb pacpe/ieNeHus] IOUBEHHON Biary. (Mamepuanst u memoodsr) Co3aau CleNHATbHbIE
YCTPOHCTBA B BH/IE KOJBILIKOB /IS IOJAYH BOIBI C PACTBOPEHHBIME B HEll MEUHEPATBHBIMA YIOOPECHISIME IIPSIMO B KOPHEBYIO CH-
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CTeMY HHTCHCHBHEIX cafioB. MccreoBaii HX reoMeTpHIecKie apaMeTphl U KPUTEPHH pa3MEIIeHHs B [I0YBE C YIETOM pacxona
BOJIbI U TIUTATENbHBIX BellecTB. M3yuniu (hu3MKo-MeXaHHueCKue, TEXHONOTHUECKUe CBONCTBA, MEXaHHYECKHI COCTAB M 3acO-
JIGHOCTh MOYBBL. (Pesyrvmamur u obcyscoenue) Tlokasanu, 4To U YCTAaHOBKE pa3pabOTaHHOTO KOJBINIKA 00ecrieunBaeTcs yB-
TKHEHHE TIOYBBI Yepe3 HEHTPAIBHBINA TpydompoBox B paxuyce 1,55-1,75 meTpa Ha niybune 0,7-0,9 Merpa. Pasmectinu Bokpyr
nepeBa 3-4 KOMNbIIKa, paBHOYAAJIEHHBIX JPYT OT JApyra, ¢ HAKJIIOHOM I10 OTHOIIEHHIO K BepTHKaibHON ocu Ha 20-30 rpamycos.
Omnpeaenun pacxox BOABI IPH PA3INIHEIX CIOC00aX OpOIIEHHs: IpH 6OpO3IKOBOM MoiuBe (KOHTpolb) — 1125,7 kybomeTpa Ha
reKTap, U KaneJbHOM opoleHnn — 618,6 u BHyTpunouBeHHOM — 506,4 KyOomeTpa Ha rektap. (Bvi600sr) Onpeeniui, 4To0 BHY-
TPHIIOYBEHHOE OPOIICHHE, TI0 CPABHEHHIO C APYTUMH cTIoco0aMu 00ecTieueH s IepEBhEB BONOH W MATATEILHBIMA BEIIECTBAMH,
CrocoOCTBYET SKOHOMHH BOABI Ha 57 MPOLIEHTOB, MUHEPANIbHBIX yI0OpeHUid Ha 25-35 IIPOLIEHTOB.

KiroueBble c10Ba: MHTEHCHBHOE Cal0BOJICTBO, OPOLIECHHE CAJI0B, (PMIBTPEI BOJBI, TPYOOIIPOBOMIBI, PACXOI BOABL, IUTATEIbHBIN

pacTBop.
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noeuu. 2021. T. 15. N2. C. 4-8. DOI 10.22314/2073-7599-2021-15-2-4-8.

increasing, and agriculture is experiencing a particular

shortage of this resource: 85% of the water used in the
industry comes from the neighbouring countries. In such
conditions, it is important to minimize water consumption
in agro-industrial production, including irrigation [1-4].

In foreign countries, positive results have been revealed
when using subsoil irrigation of intensive gardens. They
are confirmed by experimental and theoretical studies, as
well as by mathematical modelling of moisture transfer.
Experimental plants have been created that have success-
fully passed field tests [5, 6].

THE RESEARCH PURPOSE is to develop new equipment
and technologies for intensive gardens irrigation in the
soil and climatic conditions of the Bukhara region in Uz-
bekistan, as well as to create a mathematical model of the
soil moisture distribution.

MATERIALS AND METHODS. In the region, meadow-al-
luvial soils are widespread, which texture is represented
by light, medium and heavy sands. The groundwater lev-
el is at the depth of 1.5-2.0 m, the salinity is 1.0-1.2 g/I.
Field experiments were carried out in 2016 at the Zodabek
farm in the Kagan district of the Bukhara region. Six hect-
ares are covered by an intensive orchard, represented by
medium-sized Golden Delicious apple trees.

In accordance with the structure of the soil, the irriga-
tion pegs were made from a polyethylene pipe with the di-
ameter of 16-25 mm and the length of 30-80 mm.

We used systematic analysis, mathematical planning
of experiments, modern methods for determining the wa-
ter and energy consumption and conducting field exper-
iments at the Research Institute of Agricultural Technol-
ogy of Cotton Seed Production.

REsuLTs AND Discussions. The proposed irrigation
technology provides for the use of groundwater in areas
with water scarcity.

The automated groundwater irrigation system employs
solar-powered electric pumps (Fig. /). From a solar pan-
el sized 4 x 5 =20 m’, a voltage of 6-60 V is supplied to

In the Republic of Uzbekistan, the need for water is
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the controller generating 12 V, charges the storage battery
powered through an inverter (a device for converting di-
rect current into alternating current with a voltage value

(560 v}

Fig. 1. The overall structure of the subsurface irrigation system (a)
and a scheme of the peg installation in the seedling root system (b):
1 — solar panel; 2 — controller; 3 — storage battery; 4 — inverter,
5 — borehole pump; 6 — suction pipe; 7 — transport pipeline; 8—
water tank; 9 — automatic control panel; 10 — filters; 11 — main
irrigation pipes; 12 — distribution pipes; 13 — thin tube; 14 — pegs;
D is the diameter of the peg on the thin tube; H is the depth of
soil moisture distribution from the peg, dr is the diameter of the
distribution pipes; h is the distance between the holes in the peg;
f — peg installation angle (60-70 degrees to the horizontal axis)
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change) under a voltage of 220 V. A pump, capable of
pumping 0.5-0.7 m’® of water per hour from the ground,
takes water from a single 10-15 m depth well at the flow
rate of 84.6 m’/day and fills a 100-ton cistern, from where
the water is sent through a transport pipeline.

If the level of groundwater mineralization exceeds
0.085% in terms of chlorine ion, it is diluted with river
water in appropriate proportions. Through a system of au-
tomatic control valves installed in the outlet of the tank,
the water is treated with a water purifier. The main irri-
gation flow is directed to the pegs along the main pipes,
distribution pipes and a thin pipe to provide the required
amount of water (Fig. la) [7-12].

Three-four pegs intended for subsurface irrigation are
placed in the soil equidistantly around the tree. They are
inclined by 60-70° in relation to the horizon (Fig. 1b).

In the upper part, the pegs are connected by means of
tees with pipes for supplying and discharging water. With
the help of an additional segment, it is possible to increase
the depth of the device. The lower part of the peg ends
with a pointed cylinder.

During the operation, the water flows from top to bot-
tom. A rubber diaphragm is installed in the peg cavity,
which regulates the water flow uniformity. It expands and
contracts depending on the pressure of the fluid (Fig. 2).

:

Fig. 2. The design of a peg for subsurface irrigation:
a — general; b— fragmented; c — in section

On average, 1.8-2.5 liters of water flows through each
hole in an hour, and the seedling’s entire root system is ir-
rigated by the moderate moistening of the soil with a mix-
ture of mineral fertilizers. As a result, water savings amount
to 55% compared to the local flood irrigation.

In addition to the flow compression, it tends to reveal
inversion, that is, a change in the shape of the lateral mo-
tion along its length. For example, a square shape can take
the shape of a cross or another shape. The liquid outflow
through the irrigation peg hole was determined paramet-
rically (Fig. 3).

Theoretically, the water flow can be calculated from
the pipeline to the pipe distribution network.

The number of tree subsurface watering time periods
for the entire growing season and for each month is deter-
mined by the following formula:
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Fig. 3. The movement of water along the irrigation peg: d — the
diameter of the thin tube; a — the angle of the peg in relation to the
vertical axis (20-30 degrees)

k=Vim, D
where £ is the number of watering time periods;

V — irrigation rate for the entire period, m*/ha;

m — one-time irrigation rate, m*/ha.

The seasonal irrigation periods were determined by
the generally accepted graphic-analytical method for
monthly and ten-day water balance deficit based on tab-
ular analysis.

The average duration of the between-irrigation period is:

N, =m/h, )

where N, is the average interval between the watering time
periods, days;

h — water balance deficit within a certain growing
season, m’/day,

h=VIN,

where N is the duration of the growth period, days.

The time required to supply the amount of water cor-
responding to the irrigation rate was determined experi-
mentally depending on the structure of the irrigation net-
work, the irrigation rate and the soil properties [13].

For the subsurface irrigation, the watering time is de-
termined by the formula:

©)

;= m-1000,
q-n;:n,

where ¢ is the watering time, h;

g — water consumption by one peg, 1/h;

n; — the number of pegs around one tree, pcs;

n, — the number of trees per hectare, pcs;

When moistening the rows of trees arranged in a line,
the time required to supply the amount of water corre-
sponding to the irrigation rate is:

~m-b-Al
10-¢g
where b is the distance between the rows of irrigated
crops, m;
Al is the distance between the drops of the peg irriga-
tion system, m.

Q)

t \ Q)
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During the intra-soil watering of fruit trees, only a
part—0.1-0.2 of the area is moistened, not the whole gar-
den. This indicator usually depends on the plant type and
variety, its age, size, planting density, soil and climatic
conditions. In this case, the following expression is used
to calculate the irrigation rate:

W r

V=R-0) g
03-(1—w +w;)
where R is evaporation from the surface of open water
during the growing season, m*/ha;

Q is the amount of precipitation during the growing
season, m>/ha;

r—coefficient of proportionality between evaporation
from the surface of open water and water consumed by
plants through the moisture circuit;

Wi is the moisture contour coefficient representing the
wetted part of the plant nutrition zone.

For the surface irrigation of agricultural crops, the sea-
sonal rate can be determined taking into account the bio-
climatic coefficients of crops [14, 15]:

yo_ Wrd- QW )

\/0 3-(-Wt w?)
where W is the bioclimatic coefficient for different cli-
matic zones and crops;

>'d is the average daily moisture deficit during the
growth of agricultural crops, mm.

For the subsurface irrigation, a one-time irrigation rate
is calculated using the expression [15, 16]:

100-7-g- W (p,~ goq)

oz won
mNO3 (=Wt W)

100 h-g W (@, goq)
where H is the depth of the moistened soil layer, m;
g — the volumetric weight of the reference soil layer,

t/m’;

©)

®

©®
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y — the upper limit of the average soil layer moisture
content,%.;

q — the lower limit of the average soil layer moisture
content,%.

To calculate the one-time and seasonal irrigation rates,
the R, O indicators can be found in the databases of hy-
drometeorological observations for the region [3, 5, 7].

Experimental studies were carried out in 2017-2019.
An intensive garden of dwarf varieties covering the area
of 6 hectares was divided into three 2-hectare plots.

The first plot is a reference one for the continuous ir-
rigation, the second plot is for the drip irrigation, and the
third one is for the subsurface irrigation.

The interval between the watering periods is 9-17 days.

Water consumption during the continuous irrigation
was determined during the irrigation using a Chipoletti
water meter, and in the other two options — during the drip
and subsurface irrigation — this indicator was calculated
based on the pump performance per unit time [12-14].

The boundaries of the water distribution were studied
in the laboratory when organizing pile irrigation for var-
ious texture soils (Fig. 4).

In the laboratory experiment, at the end of the first
hour the water absorption rate was 0.079 m/h in the me-
dium sandy soils, at the end of the fourth hour it was
0.05 m/h, and the filtration coefficients were 0.018 and
0.013 m/h, respectively.

Fig. 4. The pile method for studying the water distribution
boundaries: a — determining the peg angle when installed at an
angle; b — initial soil moisture; ¢ — complete soil moistening

WATER CONSUMPTION DEPENDING ON THE IRRIGATION METHOD

Table

2017 year

2018 year

2019 year

Irrigation methods

Number of waterings

Number of waterings
Irrigation rate, m*/ha

Water consumption
on average for 3 years,
m’/ha

Irrigation rate, m*/ha
Number of waterings
Irrigation rate, m*/ha

Furrow irrigation 1

(control) sy 2

1111.9 11 1185,2 1125,7

Drip 15 594 19

610.7 18 651,1 618,6

Subsurface 13 486 14

500.2 15 533

506,4
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The experiments were carried out according to the fol-
lowing system: the first option (the reference one) — fur-
row irrigation, the second option —drip irrigation, the third
option — subsurface irrigation (table).

Compared to the reference plot, water consumption
during the drip irrigation was 507.1 m*/ha (45%), during
the subsurface irrigation — 619.3 m*/ha (55%). As you can
see, the subsurface irrigation is more efficient in terms of
water saving. Compared to the reference option, the wa-
ter consumption during the drip irrigation was reduced
by 45% (507.1 m’/ha), and during the subsurface irriga-
tion — by 55% (619.3 m*/ha).

ConcLusions. For the irrigation of intensive gardens
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with a moisture deficit, ground waters can be used sup-
plemented with river water. The equipment and techno-
logy for the subsurface irrigation have been developed.
Water consumption was as follows: for the furrow irriga-
tion — 1125.7 m*/ha, for the drip irrigation — 618.6 and for
the subsoil irrigation — 506.4 m*/ha. The subsurface irri-
gation, in comparison with other methods of providing
trees with water and nutrients, increases water saving by
57%, mineral fertilizer saving by 25-35%. Excessive
post-irrigation drainage and filtration losses were avoid-
ed while the topsoil was retained soft. Seasonal irrigation
rates depend on rainfalls.
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