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B crarbe paccmarprBaroTcsi BOIPOCH! HCIONb30BaHUsI COJIEHOM BOZBI U1l OPOLLIEHHS MHOI'OJIETHUX HACAXICHUN HAa TEPPUTOPHSX,
MPUMBIKAIONIMX K BOZOWCTOYHHKAM C ITOBBIIIEHHBIM COAEPKaHUEM COJIEH, BKIIIOTas y9aCTKH MOPCKOTO MoOepexbst. Jlaércs KpaTkui
aHaJIM3 Pa3INIHBIX CIIOCOOOB MOHIKEHNUS CoAep KaHus coieit B Boge. Ocoboe BHUMaHNE YAEISIETCS yIAICHHIO COJIEH METOIOM
JUCTHJUISALUY COJIEHON BOABI C NCIOIB30BAaHMUEM SHEPTHHU CONHIA. PaccMaTrpuBaroTcs pa3nudHble KOHCTPYKIIMH COMTHEIHBIX
OIPECHUTEJIEH 3alIaTeHTOBAHHBIX B Pa3HBIX CTpaHax. [IpeaokeH criocod BHYTPUITIOYBEHHOTO OPOIIECHHS MHOTOJIETHUX HACAKICHUH
CONEHOH BOZI0i, KOTOPBIN 3aKJIF0YAETCS B UCIIAPEHUH BOJbI C HCIIOJIB30BAHUEM COJIHEUHOW SHEPIUH, HACBILEHUH BO31yXa 1apOM
Y TIOCTIEAYIOIEH ITOJaqy €ro Mo nephopupoBaHHBIM TPYOaM B TIOUBY, TI€ TPOUCXOIUT KOHACHC AN napa. it ocymecTBieHus
3TOTO crocoba pa3paboTaHo CIIEHANBEHOE YCTPOUCTBO. D(PHEeKTUBHOCTD MPUMEHEHHS TAHHOTO CTI0C00a 1 yCTPOUCTBA B YCIOBHAX
CEIIbCKOXO3AHCTBEHHOTO IIPOM3BOACTBA PACCMOTpEHa Ha prMepe KppIMa B BUHOTpaHUKaxX. YCTaHOBIICHO, YTO BHYTPHITOUYBEHHAS
T071a4a BOABI [0 CPABHEHHUIO C KalleJIbHBIM MOJIMBOM MO3BOIHT COKpAaTUTh notepH Biarn Ha 20...30% 3a cuét npenoTBpaineHus
UCTApEeHsi C TOBEPXHOCTH BIKHOTO IISITHA Y KaneJIbHHIIBL briaromapst 3ToMy, OpOCHTENIbHYI0 HOpMY MOXKHO cHU3uTh 110 400...500 M*/ra
w10 50 uTpoB Ha 1M?. Peansarus npeaiokeHHOro croco0a Mo3BOJIMT OCYIIECTBIATh OPOIICHHEe MHOTOJIETHUX HAaCaXICHHI
ONPECHEHHOM CONEHOM BOOW M UCKIIFOUUTH ITPU 3TOM HAKOIUIEHUS COJIEH B ITOYBE U MOTEPH BOBI HA UCHIAPEHUE.

Karouesbie ciioBa: BHYTPUIIOYBECHHOC OPOMICHUEC, METOABI OITPECHCHUA CONEHON B MOpCKOﬁ BOJBbI, OIIPECHCHHNEC COJIEHOM
BOJIbI CII0co00M JUCTHUIIIAIMH, UCITIOJIb30BaHUC COJTHEYHOI OHEPruun AJist OpeCHCHUSA BOABI.
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The paper discusses the use of salt water for irrigation of perennial crops in areas adjacent to water sources with high
salt content, including sections of the coast. The authors give a brief analysis of various ways to reduce the salt content in water.
Particular attention is paid to the removal of salts by distillation of salt water using solar energy. Various designs of solar
desalination plants patented in different countries are considered. The authors propose a method for subsoil irrigation of perennial
crops with salt water, which consists in evaporating water using solar energy, saturating the air with steam and then supplying
it through perforated pipes to the soil where steam condensation occurs. To implement this method, a special device has been
developed. The effectiveness of the application of this method and device in agricultural production is considered using an
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example of the Crimea vineyards. It has been established that the subsoil water supply will reduce moisture loss by 20...30% as
compared to drip irrigation by preventing evaporation from the surface of a wet spot near the dropper. Due to this, the irrigation
rate can be reduced to 400...500 m*ha or up to 50 liters per 1 m?. Implementation of the proposed method will allow irrigating
perennial crops with desalinated salt water and prevent salt accumulation in the soil and the loss of water by evaporation.

Key words: subsurface irrigation, methods of salt and sea water desalination, salt water desalination by distillation, use

of solar energy to desalinate water.

For citation: Shevchenko V.A., Gubin V.K., Kudryavtseva L.V. Subsoil irrigation of Crimean vineyards with desalinated
condensate of sea and salt lake water. Vestnik of Moscow Goryachkin Agroengineering University. 2019; 6(94): 19-22. DOI:
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Introduction. Only 20% of fresh water resources are lo-
cated in the densely populated central and southern regions
of Russia with developed industry and agriculture. At the same
time, there is a significant amount of water with a salt concen-
tration of less than 10 g/1.

For example, in the Crimea there are over 300 lakes. Most
of these lakes contain salt water. Fresh lakes are mainly located
in the central part of the Crimean peninsula, in the mountains
or in the mountain areas. Lakes located at a short distance from
the coastline, mainly of the estuary type, are almost 95% sa-
line, even if they are formed by fresh underground sources [1].

Water containing no more than 1 g/ of dissolved solids is
used for irrigation. The use of saline water in the Crimean steppe
for irrigation is of significant practical interest. Quality improve-
ment of salt water can be achieved by adding fresh water until an
acceptable level of salt content is obtained. To dilute salt water,
fresh water can be taken from streams and artesian wells or ob-
tained by desalination of salt water from the same lakes.

The problem of salt water desalination, including sea wa-
ter, is now becoming increasingly important. There are a sig-
nificant number of ways to remove salt from salt water: several
types of distillation, ion exchange, reverse osmosis and elec-
trolysis methods, as well as freezing. It should be noted that
the distillation method provides for 96% of the total amount
of desalinated water in the world [2].

In our case, solar distillation of salt water is considered.
Currently, due to the fact that this method is based on the use
of environmentally friendly technology, considerable atten-
tion is paid to its development. For example, a patent was
granted in the Russian Federation for a drip irrigation method
and a device for its implementation, which includes continu-
ous mixing of saline water with distilled water and its sub-
sequent supply through droppers to plants. Distilled water is
obtained by desalination of a portion of salt water in a so-
lar-desalination system [3].

However, in case of drip irrigation even with diluted salt
water, salts accumulate along the contour of the hydrated
zone. When perennial crops are irrigated, this will lead to fo-
cal salinization of the root zone of plants. With drip irrigation,
both during and after watering, a significant part of the water
evaporates from the surface of the hydrated area, which leads
to the irrational use of expensive desalinated water.

The Chinese company Zhongin Changjiang International
Energy Investment Co., Ltd. (CN) obtained a patent in the Rus-
sian Federation for “A device for desalination of sea water
and a method for using solar energy for continuous heat sup-
ply”. This device includes a system for purification and desali-
nation of sea water, as well as the concentration and accumu-
lation of solar heat [4]. These plants have a complex structure
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and are designed to produce significant volumes of fresh water
for industrial and water management supply.

In 1989, patent CH 672227 A5 was issued in Switzerland
for a method of using condensed moisture for subsoil irrigation.
The essence of this invention is that air is pumped through a sys-
tem of tunnels made of translucent material containing salt wa-
ter. The air is heated up, saturated with water vapor and pumped
into the subsoil perforated humidifiers, where condensation oc-
curs, and the condensate flows to the roots of plants [5].

In 2016, US patent No. 9301442 B1 was issued in the Unit-
ed States for an “Irrigation System”, in which desalination
of salt water is carried out by heating it in an evaporator using
solar energy, and vacuum is used to reduce the boiling point
of water. To do this, the air is sucked out of the evaporator, this
reducing pressure in it, then water vapor is piped to the spheri-
cal heads of the water outlets, in which, due to expansion, it
is condensed to form drip moisture, which hydrates the root
system of plants [6].

The study purpose is to develop a method and device
for irrigation of perennial crops with salt water.

Materials and methods. Researchers of VNIIGiM named
after A.N. Kostyakov developed a method for irrigating pe-
rennial crops with salt water, which includes saltwater evap-
oration with solar energy, saturation of the air with steam,
and its supply through perforated pipes to the soil where steam
is condensed. To implement this method, a special device was
developed. A patent was issued for the method and the de-
vice for its implementation [7]. According to this invention,
the air, preheated to 60...70°C, is saturated with water vapor
in a solar evaporator and taken to the irrigated area, where it
is cooled in the plant root zone at a depth of 0.4...0.6 m with
precipitation of condensed desalinated moisture.

A device for irrigating perennial crops with salt water o is
shown in Fig. The proposed device has a pump for supplying
salt water from a water source, a solar heater, an evaporation
chamber connected with a pipeline for supplying desalinated
water to the plant root system. Wicks made of hydrophilic ma-
terial are placed in the evaporation chamber, and an air so-
lar collector equipped with an air intake valve and connected
to the evaporation chamber is mounted outside. The evapora-
tion chamber is connected by an air duct made in the form
of a pipe placed in a heat-insulating casing with an under-
ground perforated pipe. The surface of this pipeline is covered
with a layer of hydrophilic material. The end part of the perfo-
rated pipe is equipped with an air exhaust device. In addition,
the air intake valve of the solar collector has an air intake reg-
ulator in the form of a bimetallic plate. The air exhaust device
at the end of the perforated pipe is equipped with a chamber,
divided by membrane screen and an exhaust fan.
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During the device operation, air is pre-heated in the solar
collector to 60...70°C, which increases its moisture capacity.
Then the heated air enters the evaporator body. Passing be-
tween wicks dipped in salt water, it is saturated with moisture.

Fig. Device for irrigating perennial crops with salt water:
1 —soil surface, 2 — a supply pipe, 3 — a discharge pipe,

4 — an evaporator, 5 — a solar air collector, 6 — a connecting pipe,

7 — a heat-shielding casing, 8 — a perforated irrigation pipe,

9 — a cover made of hydrophilic material,
10 — an air exhaust device, 11 — a condensation chamber,
12 — a condensing screen, 13 —an exhaust fan, 14 — a vane,
15 —an elbow, 16 — an irrigated plant

Puc. YcrpoiicTBo A5 opoiieHust
MHOT0JIETHUX HACAKACHUN cOJIEHON BOMOIi:
1 — TOBEpXHOCTB Y4aCTKA, 2 — MTOABOIIHI TPYOOIIPOBO,
3 — oTBOIIIMI TPYOOTIPOBO, 4 — HCTIAPUTEND,
5 — CONTHEUHBII BO3AYIIHBII KOJIEKTOpP, 6 — COEMHUTENIBHBIH
TpyOOIIPOBO, 7 — TEIIIO3AIUTHBIN KOXKYX,
8 — opocuTensHbIN epGoprpoBaHHBIil TPYOOIIPOBO,
9 — yexon u3 rUAPOGHUITEHOTO MaTepuaia,
10 — BO3AyXOBBITSKHOE YCTPOHCTBO,
11 — koHAEHCAllMOHHAs KaMepa, 12 — KOHIEHCUPYIOIIMH 9KpaH,
13 — BBITSDKHOM BEHTHIIATOp, 14 — durorep,
15 — xoneHYaTkIi aTpyooK, 16 — opolraeMoe pacTeHue

Air saturated with moisture is sucked into the perforated pipe.
Upon contact with the walls of the perforated pipeline laid in the soil
in the plant roots zone at a depth of 0.4...0.6 m, it is condensed
to form desalinated water. This is due to the fact that the pipeline
walls have a temperature corresponding to the surrounding soil
temperature (no more than 20°C). Due to the temperature differ-
ence between the steam and the pipeline walls, the condensation
process occurs. The moisture formed is absorbed by the hydro-
philic material and is retained in a form accessible to plant roots.

Results and discussion. The effectiveness of the appli-
cation of this method and device in agricultural production
is exemplified by the conditions of the Crimea, where there
is an acute need for fresh irrigation water with a sufficient
amount of salt water and favorable climatic conditions.
For grapes, the drip irrigation rate, depending on the avail-
ability of rainfall, is 600...700 m*/ha. The subsurface water
supply, as compared with drip irrigation, will reduce moisture
loss by 20...30% by preventing evaporation from the wet spot
surface next to the dropper. Due to this, the irrigation rate can
be reduced to 400...500 m*/ha or up to 50 liters per 1 m*

The period of time during which the vineyard may need
additional irrigation is about 180 days in the Crimea — from
April to September, of which 170 days are sunny. The vine-
yard needs to be watered from June to September, when an
average daily air temperature ranges from +23°C in June
to +27°C in July — August. The night air temperature in these
months is within +10...17°C. The average soil temperature
at a depth of 0.5 m does not exceed +20°C.

When one pipeline is laid under a row of vines and the dis-
tance between rows is 4 m, a 100 m-long pipeline irrigates
a strip of 400 m? and must supply 20,000 liters of water per
season, or about 1.0...1.5 liters per 1 m? a day. At a tempera-
ture of +25°C and a relative humidity of 40%, a cubic meter
of air will contain about 90 grams of moisture. After heating
the air in the solar collector to +60...70°C, the air moisture ca-
pacity will increase to 200 g/m®. Having entered the evapora-
tor, this air will be saturated with moisture to a relative humid-
ity of 90...95% and will contain about 180 g/m?® of moisture.
In a perforated pipeline, its temperature will drop to +20°C.
At this temperature, the moisture capacity of the air is 17 g/m®.
Thus, with a decrease in air temperature during movement
through the pipeline from each of its cubic meters, about 160 g
of condensate can accumulate on the pipeline walls. To get 125
liters of water per day, about 800 m* air must be moved through
the pipeline. The heated air with a high moisture content can
be supplied within about ten hours from 10 a.m. to 8 p.m.
Thus, the air supply should be 80 m*/hour. It should be kept
in mind, that during the rest of the day at air temperature
above +20°C, moisture will be also condensed in the pipeline,
although in smaller quantities. At night, when the air tempera-
ture drops to +10...17°C it will cool pipeline walls by mov-
ing through the pipeline. After passing through the pipeline,
the air enters the chamber mounted at its end. While passing
through the membrane material of the screen in the chamber,
the air will leave condensed moisture on it, which will flow
into the perforated pipeline and will be used for soil irrigation.

Conclusions

Thus, the implementation of the proposed method us-
ing the considered device will allow irrigating perennial
crops with desalinated water and prevent salt accumulation
in the soil and the loss of water by evaporation.
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