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Abstract

This article presents the irrigation regimes, norms and watering norms of some
crops in Armenia and the importance of their correct choice in increasing productivity.
Special attention was paid to determining the correct irrigation regime and selecting
irrigation methods for various crops, considering their characteristics.

This article aims to determine the feasibility of irrigation methods for various
crops based on the calculations of irrigation norms. To achieve the goal, the task was to
analyze the amount of precipitation in different geographical zones in Armenia,
calculate irrigation and watering norms with the example of different crops, and
consider the feasibility of the main irrigation methods. Statistical and analytical
methods were implemented to study the irrigation field in Armenia. As a result, it was
revealed that the choice of the correct irrigation regime and methods contributes not
only to the increase of yields but also to water resource saving.

The scientific novelty of this article lies in the fact that the economic feasibility
of drip irrigation and sprinkler/rain system irrigation was substantiated based on the
author's studies of the optimal norms of irrigation water for different crops and the
duration of irrigation during the growing season.

This article comprehensively presents the features of crops' irrigation regimes. It
substantiates the notion that using modern technologies (in particular, the drip,
sprinkler method) can save a sufficient amount of water resources.

Keywords and references: irrigation norms, watering norms, irrigation regime,
irrigation methods, drip irrigation, sprinkling/rain system irrigation.
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Cwdwnnunwghp

<nnywond ubpyuwywgywsé Gu <wjwuwnwund dh 2wpp gyninuinunt-
uwlwu dowlwpnyubiph opdwt b nnnguiwt unpdbipp, nnngdwu ntidhdp L
npwug 6hown punpnipjwu Yuplnpnieginiup dowlwpnyubph pippwnyniejwu
pwndpwgdwu gnpdnid, npny k| wwjdwuwynpdwd £ unyu hnnjwdh wpnhw-
Ywuneyniup: Unwouwihtu npwnpnieiniu  nwpdyt| nnngiwu 6hown ntdhdh
uwhdwudwup, nnngdwl dapnnubph punpnypjwup’ hwadh wnubing dowlw-
pnyubiph wnwuduwhwuinynieyniutbpp:

Annywoénd twyywwnwly £ npdbp <wjwunwiund opp b nnngdwu unpdb-
nh, nnngdwu ntidhdph hwowplubiph hpdwu Yypw npnobint nnngqdwu dbipnn-
ubpp tywwnwwhwpdwpnieiniup wwpptp Jpwwpnyubph hwdwp: Lww-
wnwyht hwutbnt hwdwnp putinpp £ npdtp 4bipnstiine wjwunwund deun-
Inpuwghu wbnnwiubph pwuwyp' pun nwppbp gninpwlwunipjwu, wwppbp
dowlwpnyubiph ophuwlyutiph hpdwu Yypw hwodwnybint opdwu b nnngdw
unpdwt, nhnwnpybnt nnnquwu hhduwwu dubph tywwnwlywhwpdwpniegint-
up lwppbp dywlywpnyubiph nnngdwu hwdwp:

Cwjwunwund nnngdwt ninpinnud. hpwlwuwgywsd Yyhdwlwagpwyw,
gbpindwlwu dbpnnutph hpdwtu Jpw Ywwwpdb] Gu gbppnodnyeggniuubp,
npnug wpryntupnud wwpq b nwnpdb), np nnngudwt 6hoin ntidhdh b Gnwuwyh
puwnpnpjwl nbwpntd ny dhwju bwywuwnnid £ pbippwnynipgjut pupdpwgdw-
up, wy| bwb futwynd Gup opwyhu nGuntpuubipp:

Unyti hnnjwdh gqhipwlwtn unpnypt wyt £, np htnptuwyp Ynndhg
ppuppbp dywlwpnyubph nnnqdw gph ouppphdwy tnpduyh b Ybgbypw-
ghuyh pupwgpnd gpdwt dwdyipubiph niunitdawuppnipynitiph hhdwt
Ypw hhduwnpyby b quphjuyptt b wudplwgdwt Gnwbwlyny nnnqdwt
Juquwlbpydwu ppipbuwlwt iyupuwlwhwpdwpnysyniip:

Annywoénd  hwdwynndwupnpbu  ubpyuwywgwsé Gu  Jowlwpnyubph
nnngdwu nbdhdubph wnwuduwhwwnynieniuutipp, hhduwynpyb| £ wju bg-
pwhwugndp, np wpnhwlwu nbfuuninghwubph, dwutwynpwwbiu Ywehjw-
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jhu b wudpbwgdwu dbpnnutph Yppwnnipjwu nbiwpnd huwpwynp £ wwyw-
hnyti| opwjhu nbunipuubiph qqwih futwynnnie)niu:

Pwuwih pwnbp b pwnwlwwywygnipyniuubp. opdwu unpdbp, nnng-
dwu unpdbip, nnngdwu ntidhd, nnnqdwt tnwuwyubp, Ywehjwiht nnngntd,
wudpliwgnid:
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skonomuku umenu M. Koranau HAH PA
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AHHOTAIUSA

B cratee mpencraBieHBl HOPMBI TIOJIMBA M OPOIIEHHS HEKOTOPBIX
CENIBCKOXO3AHCTBEHHBIX KYJIBTYp B APMEHHH, PEKHUM OpPOIICHHS W BaXHOCTh HX
MPaBUJIBHOTO BEIOOPA B MOBBIIICHUH YPOXKAHHOCTH, YeM U 00YCIIOBIICHA aKTyaJIbHOCTD
cratbu. OCHOBHOE BHHMMaHHE YIENAJIOCH ONPEIENICHUIO MPaBHJIBHOIO pekuMa
opomIeHus, ToAOOPY CIOCOOOB OPOIICHHSI C Y4ETOM OCOOCHHOCTEH CEeIbCKOXO3sIi-
CTBEHHBIX KYIBTYD.

Lenpio craThM SBISETCS OTIpeJIeTICHNE  IEJIECOO0PA3HOCTH  CIIOCOOO0B
OpOIICHHUS Pa3IMYHBIX KyJIbTYp HAa OCHOBAHHH PacyeTOB HOPM IIOJIMBA W OPOIICHUS,
pexxuma opomreHus B ApMeHud. [l qocTokeHus nenu ObDIa TOCTaBJIEHA 3ajada
MIPOAHAIN3MPOBATh KOJIUYECTBO OCAIKOB B APMEHHH IO Pa3HBIM PalOHHUPOBAHUSM,
paccuuTaTh HOPMBI ITOJIUBA M OPOIICHUS HAa MPUMEpax PasHbIX KYIbTYp, pacCMOTPETh
[EeNIeCO00Pa3HOCTh OCHOBHBIX CIOCOOOB OPOIIEHHS IS ITOJMBA PA3IHMYHBIX KYIBTYP.

Beutn mpoBeneHBI aHANM3BI HA OCHOBE CTATHCTHYCCKHX M aHATUTHYCCKUX
METO/IOB, BHEIPEHHBIX B OOJIACTH HMppUTAIMK B ApPMEHHH, B pe3yjibTaTe KOTOPHIX
CTaJIO SCHO, YTO BBHIOOP MPAaBMJIHOTO PEXMMa M METOJI0OB OPOILICHHUS CIIOCOOCTBYET HE
TOJIBKO MOBBIIICHUIO YPO’KAHHOCTH, HO M 5KOHOMHH BOAHBIX PECYPCOB.

Hayunaa noeusna 0anHHOUl cmamou 3aK1I0UAEMCA 6 HOM, YHO HA OCHOGE
nPOBEOCHHBIX ABMOPOM UCC/IE008AHUI ONMUMATLHON HOPMbL HOJIUGHOI 600bl 01
DA3HBIX  KYIbMyp U RPOOOJIHCUMENbHOCIU NOJIUE0E 8 NEpUod eezemayuu
o06ocno6ana IKOHOMUYUECKAAA UeNecO0OPAZHOCML  OCYULeCHBIEHUA  OpOUIeHUA
KaneabHoulmM U 00M4C0e6biM Cnocodamu.

B cratee B cucTeMaTH3UpOBaHHON (hopMe TIPENCTAaBICHBI OCOOCHHOCTH
PEXUMOB OPOIICHHS CEIIBCKOXO3IHCTBEHHBIX KYIbTYpP, OOOCHOBAH BBIBOJ O TOM, UTO
MPU UCHOJb30BAHUU COBPEMEHHBIX TE€XHOJIOTHUH, B YaCTHOCTH, KaleJIbHO-I0XKIEBOI0
METO0/Ia, MO’KHO COKOHOMHTb JJOCTATOYHOE KOJIHMUYECTBO BOJIHBIX PECYPCOB.

KirodeBble cjioBa U CJI0BOCOYETAHUSI: HOPMbI IMOJUBA, HOPMBI OPOIICHUS,
PEXHUM OpOLIEHUS, CTIOCOOBI OPOLIEHUS, KalleIbHOE OPOLLIEHHE, H0KIEBaHHE.

Introduction

Armenia is described as a country with a hot, dry and dense terrestrial climate,
where crop cultivation is carried out under irrigated agriculture conditions.
Atmospheric precipitation is of particular importance for irrigation water reserves.
Most of the precipitation falls in late autumn, winter and early spring. Unfortunately,
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during the actual vegetation of the crops, the amount of precipitation is low. That is
why the crop production in Armenia is largely dependent on irrigation.

Different crops have different water requirements. The requirements change
according to the soil's water-physical composition, crop type, and the air's relative
humidity.

The yield level also depends on the definition of irrigation norms for crops. By
defining the correct irrigation regime and type, it is possible to increase the crop yield
several times. This article aims to determine the relevance of different irrigation
methods for different crops based on water and irrigation norms and irrigation regime
calculations in Armenia. Therefore, the following issues were solved in the scope of
this research:

To analyze the amount of atmospheric precipitation in Armenia in accordance
with different zones,

To calculate the watering and irrigation norms for different crops,

To observe the relevance of the main forms of irrigation for different crops.

Methods

The studies of foreign and domestic researchers were the basis for the solution
to the issues in this article. Logical, statistical and analytical methods of scientific
research were used in the scope of this article.

Theoretical and methodological bases

Water is a vital factor in plant life and an essential element of soil fertility [2, p.
26]. Irrigation is of particular importance for the plant's growth and development; with
its correct regime, it is possible to increase the yield of agricultural crops [3, p. 24].

Irrigation greatly influences soil processes and the microclimate of the surface
layers of soil. It directly affects the four main factors of plant life: air, water, thermal
and nutritional regimes of the soil [10, p 7].

With the correct selection of the irrigation method, compliance with irrigation
norms and the use of appropriate agro-technologies, the yield can be increased several
times[12, p 3].

Results and discussions

Irrigation is carried out in accordance with the water consumption of crops
considering the need and frequency of irrigation. The water demand of plants is
determined based on the soil's relative air humidity, light, temperature, water-physical
properties and fertility[1, p 24].

Different crops have different requirements for water, and their irrigation is
carried out according to their characteristics. That is why its unique irrigation regime
(watering quantity, norms and dates) is defined for every crop. The geographic zoning
of the area determines the water demand for the crops. Lands in Armenia are divided
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into three main zones: mountainous (areas higher than 1500m), foothills (1000-1500m)
and lowland (areas up to 1000m) [8, p 34].

In the lowland zone, cereals, particularly wheat, are watered 1-2 times in autumn
and 3-4 times in spring. In the foothills and mountain zones, one time in autumn and 1-
2 times in spring. Potatoes are watered 4-6 times in the lowland and foothill zones and
2-5 times in the mountainous zone. Vegetables have a higher water demand. They need
to be watered 6-10 times (watermelon, pumpkin.). Cucumbers are watered 12-14 times
in lowland areas, 8-10 times in foothills and 4-6 times in mountainous areas. Tomatoes
are mainly cultivated in the lowland zone, to some extent also in the foothill zone; they
are watered 13-14 times. Orchards are watered 6-10 times in the lowland zone, 6-8
times in the foothill zone, and 2-4 times in the mountainous zone [8, p 35-36]. The
watering and irrigation norms of the agriculture mentioned above crops are presented
in Table 1.

Table 1
The watering and irrigation norms of different crops?
Lowland zone Foothills zone Mountainous zone
Watering | Irrigation | Watering | Irrigation | Watering \rrigation
norms, norms, norms, norms, norms, normg mé/ha

m®ha m®ha m*ha m®ha m®/ha ’
Cereals 700-1000 | 3200-4300 | 700-1000 | 2900-3600 | 800-900 1800-2400
Potato 500-700 | 2800-3000 | 500-700 | 2800-3000 | 600-700 1200-2800
Cucumber 500 6000-7000 500 4000-5000 500 2000-3000

Tomato 500 6000-8000 500 6000-8000 - -
Orchards 600-900 | 5400-6100 | 700-900 | 5400-5600 | 750-900 1800-3000

The watering periods during vegetation are determined by different methods,
which are based on the water balance. The following formula: calculates the latter.

Where:

W. =W, +10 xR

[11, p 13]

W, is the total water consumption during the given period,m*ha
W, is the useful water reserves in a given soil layer, m*ha

R the volume of precipitation during a given period, mm (Imm = 10 m*/ha)
Now let us determine when the water resources in the soil will be consumed,
and there will be a need for irrigation. The following formula calculates that period:

2 The table was compiled by the author, based on data from G. Navoyan's “Irrigation
Basics” guide.
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W, +10 X R
= T [1 1, p 14]
Where:
B. is the biophysical coefficient,
T, is the average air temperature of the given period, °C
One of the characteristics of the formation of water resources in Armenia,
including irrigation water reserves, is the extreme asymmetry of water flow
distribution. More than 50% of the annual flow coincides with the spring period and
only 20% with the summer period, i.e. the period of its maximum demand [4, p 239].

The amount of precipitation in the RA zones is presented in Table 2.

Table 2
The average amount of precipitation in RA zones [6, p 86]
N | Names of zones Amount of precipitation, mm
1. | Ararat Valley 250-300
2. | Lori-Pambak 500-600
3. | Vayoc Dzor 250-300
4. | Sevan basin 350-400
5. | Shirak 350-400
6. | Aparan-Hrazdan 500-600
7. | Southeastern and northeastern | 400-500
zones of Armenia

The table analysis reveals that compared to other zones, the amount of
atmospheric precipitation is higher in Lori-Pambak and Aparan-Hrazdan zones. The
precipitation in the southeastern and northeastern zones is also higher than the average
index (except for the Meghri region).

From the second half of spring to the end of summer, i. e. during the vegetation
period, which is considered the main period of plant growth and development, there is
almost no rain, as a result of which the relative humidity of the air drops sharply and
vice versa, the air temperature rises significantly, and in the months of July-August, the
air temperature reaches 38-40°C. Therefore, in such conditions, it is not possible to
cultivate any crops without irrigation [6, p 86].

The irrigation regime also depends on the choice of irrigation method. There are
the surface, sprinkler/rain system, subsoil and drip irrigation methods. Each of these
methods is implemented in the cultivation of different agricultural crops and affects
their yield differently [13, p 42]

Surface irrigation is the most common form of irrigation, which is carried out
with significant watering norms. The water from the water spring fills the upper part of
the irrigating area and moves through it. There is a tendency to exclude this method in
modern agriculture because too much water is required for irrigation, and part of that
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water is lost. In addition, in the case of this method, irrigation is carried out unevenly
[13].

Drip irrigation is one of the methods of irrigation that is rapidly developing
worldwide and is an integral part of modern agriculture. With the help of special
drippers, water drips to the root of the plant, taking into account the irrigation norm of
the given crop. Thanks to that, only some of the field, but only the crop's root, is
watered. Even so, this form of irrigation is only beneficial for some types of crops.
This method suits vegetable crops with relatively higher water demand, such as
tomatoes and cucumbers.[14]

During drip irrigation, the water moistens the root of each plant. Considering
this fact, let us calculate the amount of water necessary for drip irrigation of 1 ha
orchards (apple trees in our example) and 1 ha vegetable crops (tomatoes in our
example). Let us use the following formula:

LXW
Paw.XPqy.

W, = 100P (4 H) X (HSmax = HSpin) [9, p 16-17]

Where:

P is soil porosity, %

A is the calculated part of the land area, m

W is the width of plot, meters

L is the length of plot, meters

P4w. is the distance between plants according to the width of the plot, meters

P4.. is the distance between plants according to the length of the plot, meters

LxW
Paw.. XPqy.

H is the humidified area of one plant, m?, (in mathematical calculations that area
is determined with following formula: S = nr?, n is a constant - 3,14 L, r is the
radius of one plant, m?),

HSmax is the maximum acceptable amount of soil humidity, %

HSin is the minimum allowable amount of soil humidity,%

- determines the number of plants in the orchard, thing

Let us calculate this as an example. We have 1 ha of apple orchard:
Length=100m, Width=100m. In the Ararat Valley, apple orchards are planted in 4x4 or
6x5 systems, which means that Py,,=2, P4,=0.7 [7, p 6]. In this case, there are about
625 apple trees on 1 ha of orchard. Let's calculate the watering norm when the
estimated porosity of the soil - P is 40%, HSyax =100%, HS,in=70%:

W, =100 X 40 1100X100x314 -
no 4 x4 710000

) x (1,0 — 0,7) = 235m3

Alternatively, each seedling receives 235/625=0.38m® of water for 1m of humidity.
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In the same way, let us calculate the necessary watering rate for tomato cultivation.
It should be noted that the optimal distance between each plant is 25-30 cm, and the
inter-row distance is 70-80 cm [5, p 113]. The watering norm for 1 ha of tomato will
be:
100 x 100 0,12 5
07 X 0.25 X 3,141000()) X (1,0 —0,7) =~ 215m°> water

When we evaluate the results of this irrigation with the norms of surface
watering, the effectiveness of drip irrigation will be evident. Table 1 shows that the
norm for watering tomatoes in RA is 500 m*/ha in low-lying areas, which means that in
the case of drip irrigation, we save 285 m* of water (more than half of the water).

Rain system/sprinkler irrigation is carried out using special rain machines.
Studies indicate that this irrigation method is appropriate for cultivating vegetable
crops, especially for cultivating potatoes, carrots, onions, and table basil [14].

Through the sprinkler pipes of the rain machines, the water rises under relatively
high pressure, then turns into tiny drops at a certain height in the air and falls on the
soil and plants in the form of rain. Choosing the correct calibre of sprinklers and
correctly calculating the flow speed and inlet pressure is essential. J[JTA-100MA,
JJIA-100B machines which have the possibility of two-way spraying are considered
effective machines for rain system/sprinkler irrigation. This irrigation method is carried
out through motion, ensuring fast irrigation of large areas [11, p 38].

In the case of sprinkler/rain system irrigation, the irrigation norm is determined
by the following formula:

W, =100 x 40 (1

I =36 x — 1w 369 X — 11,p 40
n=36g Mstwn~ g . [11,p 40]

Where:

I, is irrigation norm, m®ha

M, is the water consumption of the machine (130 liter/second)

M; is the speed of the machine during irrigation, km/hour

M,, is the working width of the machine (120 m)

n is the number of water discharge points

g is the coefficient of water loss due to evaporation during irrigation; the value
of g is 1.0-1.3 (naturally the value of g is higher in the southern territories and lower in
the northern territories).

The irrigation norm is also different in the case of the above-mentioned
irrigation methods. During vegetable crops' irrigation: when the sprinkler/rain system
irrigation is used then, the irrigation norm should not exceed 350-400 m*/ha, for drip
irrigation — 200-250 m*/ha and for furrow irrigation - 500m*ha [11, p 9].

Thus, by conducting studies on the norms and regimes of irrigation of various
crops, we can state that crops such as tomatoes, cucumbers, eggplants, and melons are
more appropriate to be irrigated by drip irrigation method, as the vegetable crops have
relatively high water demand and in case of surface irrigation water loss is relatively
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high. For crops such as potatoes, it is more advisable to use a sprinkler/rain system
irrigation method.

The scientific novelty of this article lies in the economic expediency of drip

and sprinkler irrigation was substantiated based on the author's studies of the
optimal norms of irrigation water for various crops and the duration of watering
during vegetation.

Conclusion

By studying the watering and irrigation norms of crops and orchards in RA, the

amount of precipitation in different zones and the irrigation methods of crops, the
following conclusions were made:

e Armenia is a country with a hot and dry climate, where the cultivation of crops

is carried out mainly in the conditions of irrigated agriculture. One of the
features of the formation of water resources in Armenia, particularly irrigation
water reserves, is the extreme asymmetry of water flow distribution.

The water requirement of crops varies depending on soil composition, weather
conditions, and crop type. Irrigation is carried out according to the water
requirements of each crop. The yield of each crop depends on setting the
correct irrigation regime.

The irrigation regime depends on the choice of irrigation method. The yield of
crops also depends on the choice of that method. For the cultivation of various
crops, the relevant irrigation method is chosen based on the characteristics of
the given crop. For example, studies have shown that for tomatoes, cucumbers
and other crops (with higher water demand), the appropriate irrigation method
is drip irrigation, and for potatoes, the rain pipe irrigation method.
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