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Abstract. The scientific-methodical approaches were substantiated and the need o f  testing o f  the Penman- 
Monteith methodfor tomato growing was proved. The regime o f  drip irrigation and parameters o f  tomato ETc in 
the production conditions o f  the Steppe o f  Ukraine were specified. The actual coefficients o f  the Cs tomato crop 
were calculated, taking into account the climatic conditions o f  the Steppe zone o f  Ukraine. It was proved that the 
actual values o f  Cc are lower by 40.9-43.5% compared to the Cc /FAO. It is recommended in the future to use 
the adjusted values o f  the Cc crop coefficient for determination o f ETc and operative control o f drip irrigation 
regime for tomato crop.
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Formulation of the problem. Obtaining 
the maximum effect from irrigation to a large 
extent depends on the accuracy of the time of 
watering starting. The design regime of irriga
tion only approximately determines the terms 
of watering. The time of every next watering is 
determined in the process of growth and devel
opment of plants. In the practice of irrigated agri
culture different methods and approaches to the 
scheduling of vegetative waterings are used. The 
scientists of the Institute of Water Problems and 
Land Reclamation of the NAAS [1,2] divided the 
methods by the structural features and character
istics into four groups: by soil moisture reserves, 
calculation methods, biological and visual ones.

The use of various calculation methods in prac
tice of irrigated agriculture is based on the existence 
of dependence between the total water consump
tion of plants {ETc) and meteoparameters. With the 
development of IT technologies, namely the intro
duction into the practice of digital Internet weather 
stations, the Penman-Monteith method became 
one of the most common method [3,4]. The calcu
lation equation for determining ETc, which is the 
basis of this method [5,6], is used as an applica
tion to most modem Internet weather stations. It is

known that the method involves determining the 
reference evapotranspiration (ETo) of a hypothet
ical crop (lawn grass) in height of 0.12 m, surface 
resistance of 70 cm-1 and albedo of 0.23. In its 
turn, the dependence of the ETc on ETo shows 
the crop coefficient Cc FAO, which characterizes 
the differences between the crop and a reference 
lawn grass.

As previous studies of both IWPLR [7, 8] 
and foreign scientists showed [9], the value of 
the actual Cc crop coefficient in the Ukrainian 
Steppe is significantly different from the typical 
Cc FAO. Consequently, for the practical use of 
the Penman-Monteith method, it is necessary to 
perform a study to correct Cc taking into account 
deviations from the standard conditions.

Relevance of the research. Tomato is the most 
common, and in a certain sense, strategic vegetable 
crop in Ukraine, which occupies the largest area 
among vegetables (more than 80 thousand hect
ares), and the gross harvest of its fruit is more than 
1.5 million tons per year. For today, such a product 
of its processing as tomato paste is a highly liquid 
export product. The largest producer of tomatoes in 
Ukraine is the group of companies «Agrofusion» 
(TM «Inagro»). On the fields of this vertically inte-
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grated agro holding each year, more than 600 thou
sand tons of fruit are grown in the area of about 5600 
hectares. All these fields are equipped with modem 
systems of drip irrigation, therefore the issues of 
operative and effective control of soil water regime 
in these conditions are quite relevant.

Purpose of the research is to test the 
Penman-Monteith method of determination of 
ETc and scheduling waterings for tomato crop in 
the production conditions under drip irrigation in 
the steppe of Ukraine.

Materials and methods of the research. Field 
surveys were conducted in 2017 in the production 
conditions at four sites w ithin the land of the holding 
«Agrofusion» in the Mykolaiv and Kherson regions:

PAE «Agrofirma Rodnichok» (Balabanivka 
village (Mykolaiv town), field № RD2/3-94; 
Snihurivka town, field № In/28-30-78,41) and 
«Organic Systems» PE (Gola Prystan town, field 
№ GP/18.5-102.24, Myme village (Kalanchatsky 
district), field № KH1/2.2-80.60).

The research was conducted on typical for this 
zone soils. To detennine and clarify the properties 
and characteristics of soils at the experimental 
sites, samples were taken and soil cuts were made 
in accordance with DSTU 4287 [10] (Table 1).

The weather conditions of the active growing 
season of transplanted tomato (May-July) were 
arid and hot-dry. as evidenced by the precipita
tion data (Table 2).

1. Consolidated data of w ater-physical properties of soils of the experimental sites 
(soil layer is 0-40 cm)

Experimental sites Soils
Bulk

density,
t/m3

FWHC
% of
mass

Dispersiveness factor 
by N.A. Kachynsky
>0,01
mm

<0,01
mm

PAE "Agrofirma"Rodnichok", South Steppe subzone, Mykolaiv region
SP "Agrofirma" 

Rodnichok". 
subzone" Steppe 

of the South", 
Mykolaiv region

dark chestnut light loamy 1,31 29,0 40,77 59,23

Snihurovka town chernozem southern 
thin-humous middle loamy 1,27 31,0 34,44 65,56

1DE "Organic Systems ", Arid Steppe subzone, Kherson region
Gola Prystan town meadow chestnut sandy-loam 1,56 14,3 83,41 16,59

Myme village dark chestnut light loamy 1,32 27,0 36,77 63,23

2. Average long-term and actual values of productive precipitation 
at the experimental sites in May-July 2017

Experimental sites Average
long-term value, mm Actual value, mm Deviation, %

PAE "Agrofirma"Rodnichok", South Steppe subzone, Mykolaiv region
Balabanivka \ illage 150,5 67,2 -55,2

Snihurovka town 168,5 54,2 -67,8
PE "Organic Systems ", Arid Steppe subzone, Kherson region

Gola Prystan town 110,0 64,6 -41,3
Myme village 129,0 59,4 -54,0

The average daily temperature for the same 
period also exceeded the climatic norm by 
1.5-2.20 °C, which is a stagnant phenomenon in 
the last 15-20 years.

Allocation of experimental sites is system
atic; repetition is four-fold [11]. Internet 
weather stations iMetos® Eco D2 were used 
to record meteorological parameters and 
determine soil moisture. ETo was determined

using the application «IRRIMET» from Pessl 
Instruments and software CROP WAT 8.0. ETc 
were determined using Watermark SS200 type 
sensors based on the digital Internet weather 
station [3, 4], which were installed at different 
depths of the soil profile and different distance 
from water supply point. (Figure 1), with peri
odic (once a decade) control using the thermo
static-weight method [12].
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Fig. 1. Diagram of soil moisture sensors Watermark SS200 installation

Commonly accepted [13] and improved 
[14] for drip irrigation methods were used for 
conducting surveys and observations.

The crop coefficient Cc was determined as the 
ratio of the actual water consumption ETc to the 
standard evaporation ETo [6]:

ETC
Kc =  — ,

ETo
where: ETc -  actual water consumption, mm or 

m3/ha; ETo -  reference evaporation, mm or m3/ha.

Results of the research and their discussion.
Depending on weather conditions, the tomato 
hybrid Heinz (H 12/81) was planted from 03 to 
15 May. During the growing season for keeping 
antecedent soil water ation at the level of 85% of 
FWHC 63-69 waterings were conducted with a 
general irrigation rate of 3,45-4,19 thousand m3/ha 
in PAE «Agrofirma Rodnichok» and 72-75 water
ings with an irrigation rate of 4,68-6,02 thousand 
m3/ha in PE «Organic Systems» (Table 3).

3. Actual balance of total water consumption of tomato seedlings 
(soil layer is 0-100 cm)

Experimental
sites

Number of 
waterings

Irrigation rate Productive
precipitation Soil moisture

Total water 
consumption, 

ETc, 
m3/ham3/ra 0//0 m3/ra 0//0 m3/ra 0//0

PAE "Agrofirma" Rodnichok ", South Steppe subzone, Mykolaiv region

Balabanivka
village 69 4191 66,7 672 11,1 1395 22,2 6258

Snihurovka
town 63 3448 63,3 542 10,4 1430 26,3 5420

PE "Organic Systems", Arid Steppe subzone, Kherson region
Gola Prystan 

town 72 4687 75,5 646 10,7 862 13,9 6195

Myme
village 75 6025 79,1 594 8,0 980 12,9 7599

The actual ETc at the experimental sites 
was 5.42 thousand m3/ha (Snihurivka town), 
6.26 thousand m3/ha (Balabanivka village), 6.20 
thousand m3/ha (Gola Prystan town), and 7,60 
thousand m3/ha (Myme village).

In the structure of ETc, the share of irrigation 
water dominated: 63.3-66.7%inthe Southern Steppe 
subzone and 75.5-79.l%in the Arid Steppe subzone. 
The productive precipitation was the smallest share 
in the formation of ETc\ 10.4-11.1% in the fields of
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PSE «Agrofirma Rodnichok» and 8.0-10.7% in the 
conditions of PE «Oiganic Systems».

Calculations of the standard evaporation 
showed that during the months of May-July. the 
values of ETo ranged from 38.7 to 64.2 m3/day 
in the Southern Steppe subzone and from 42.2 to 
64.7 m3/day in the Arid Steppe subzone.

Calculations of the average daily ETc showed that 
the minimum moisture consumption was in May -  
22.8-35.6 m3/ha (PE «Agrofirma Rodnichok») and

29.5-36.2 m3/ha (PE «Oiganic Systems»). Starting 
from the third decade of May and up to the third 
decade of June, the daily ETc of tomato plants grad
ually increased from 35-40 up to 115-120 m3/ha, 
reaching its maximum values in the I-Q decades of 
July -  124-127 m3/ha. A mild decrease in the daily 
values of ETc was recorded started from the III 
decade of July (up to 114-118 m3/ha), and a sharp 
decrease -  at the beginning of August, at the end of 
the growing season (46-71 m3/ha) (Figure 2).

Fig. 2 Dynamics of average daily water consumption (ETc) of tomato plants and reference 
evaporation (ETo) (as in the case of PAE «Agrofirma» Rodnichok». Balabanivka village)

Using the ratio of average daily water 
consumption of plants {ETc) to the standard 
evaporation {ETo) it was calculated the actual 
crop coefficient of Cc for tomato seedlings. It 
was established that during the growing season, 
the value of Cc actually reflects the phases of

plant growth and development (leaf area, photo
synthetic productivity) and ETc parameters: 
the gradual increase in values from the time of 
seedlings planting to the I-II decades of July and 
their sharp decrease at the end of the vegetation 
(Figure 3).

Fig. 3 Dynamics of the crop coefficient Cc for tomato seedlings 
(for example, PPP «Agrofirma» Rodnichok». village Balabanivka Mykolaiv region)
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Thus, during May, the average value of Cc 
of tomato for the conditions of the subsoil of 
the Southern Steppe was 0.62-0.94, during June 
there was an increase to 1.20-2.04, the absolute

maximum w as recorded in the beginning of July -  
2.17, followed by a decrease to 2,07-0.92 at the 
end of the growing season. The average value of 
Cc for vegetation in this zone was 1.34 (Table 4).

4. Calculated values of the crop coefficient Cc for tomato seedlings during 
the vegetation period

Number of days from 
the seedlings planting 7 17 27 37 47 57 67 77 87

Average 
for the 
season

PAE "Agrofirma" Rodnichok ", South Steppe subzone, Mykolaiv region
Balabanivka village 0,54 0,68 0,92 1,22 1,53 2,04 2,16 2,03 0,76 1,32
Snihurovka town 0,69 0,72 0,95 1,17 1,34 2,04 2,17 2,10 1,08 1,36

Average value 0,62 0,70 0,94 1,20 1,44 2,04 2,17 2,07 0,92 1,34
PE "Organic Systems", Arid Steppe subzone, Kherson region

Gola Prystan town 0,66 0,70 0,75 1,16 1,62 1,98 2,13 1,90 1,17 1,34
Myme village 0,71 0,73 1,05 1,19 1,27 2,10 2,15 2,17 1,06 1,38
Average value 0,69 0,72 0,90 1,18 1,45 2,04 2,14 2,04 1,12 1,36

Value Kc/FAO 0,40 0,50 0,70 0,80 1,05 1,25 0,80 0,95 0,60 0,78

The value of Cc was calculated also for the 
conditions of the Arid Steppe subzone: 0.69-0.90 
during May, 1.18-2.04 -  in June, the maximum 
value was 2.14 -  at the beginning of July and the 
decrease (up to 2.04-1,12) at the end of vegeta
tion. The average value of Cc of tomato for vege
tation in this zone was 1.36.

For comparison, Table 4 shows the values of the 
crop coefficient Cc FAO for typical conditions [15]. 
Probably, the value of Cc M O is less than the estab
lished parameters of Cc by 6.7-70.5% in different 
phases of development and by 40.9-43.5% then the 
average value during the growing season.

Experimentally determined Cc for tomato 
seedlings was used in 2018 by the specialists of 
the group of companies "Agrofusion” under drip 
irrigation by the Penman-Monteith method in the 
production conditions of Mykolaiv and Kherson 
regions in a total area of over 5,000 hectares. The 
adapted method for determining the ETc showed 
a high efficiency and correlation (/=0.77-0.89) 
along with the instrumental methods of drip 
irrigation control while reducing energy and 
resource costs for its implementation.

Conclusions. The scientific and methodolog
ical approaches were grounded and the necessity

of adjustment of the Penman-Monteith method in 
the production conditions of the South of Ukraine 
for growing tomato seedlings was proved.

The actual regime of drip irrigation and the 
parameters of ETc of tomato seedlings in the 
production conditions of the Ukrainian Steppe 
were determined: for keeping RPVG 85% of 
FWHC the number of waterings was 63-75, the 
irrigation rate was 3.5-4.2 thousand m3/ha in the 
Southern Steppe and 4,7-6,0 thousand m3/ha in 
the Arid Steppe subzone, ETc -  6,2-5,4 thousand 
m3/ha and 6,2-7,6 thousand m3/ha, respectively. 
In the structure of ETc formation a share of irriga
tion water significantly prevailed and amounted 
63.3-79.1%.

The crop coefficients Cc of tomato seed
lings were calculated, taking into account the 
local climatic conditions of the Steppe zone of 
Ukraine. It was proved that the actual values are 
different from the Cc FAO, whose parameters are 
lower by 40.9-43.5% then the average value of 
Cc during the growing season.

It is recommended for determining ETc and 
operative control of dip irrigation for tomato 
seedlings in the future to use the adjusted values 
of the crop coefficient Cc.
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М.И. Ромащенко А.П. Шатковский, A.B. Журавлев, B.B. Васюта, Ю.А. Черевичный 
Адаптация метода «Penman-Monteith» на культуре томата рассадного в производ

ственных условиях на капельном орошении
Аннотация. Обоснованы научно-методические подходы и подтверждена необходимость адап
тации метода «Penman-Monteith » на культуре томата. Установлен режим капельного орошения 
и параметры ЕТс томата в производственных условиях Степи Украины. Рассчитано фактиче
ские коэффициенты культуры Кс томата с учетом климатических условии зоны Степи Украины. 
Подтверждено, что фактические значения Кс меньше на 40,9-43,5 % от Кс РАО. Рекомендовано 
в дальнейшем для определения ЕТс и оперативного управления режимом капельного орошения 
томата использовать скорректированные значения коэффициента культуры Кс.
Клю чевые слова: суммарное водопотребление, коэффициент культуры, норма орошения, капе
льное орошение, томат.

МЛ. Ромащенко А.П. Шатковський, А.В. Журавльов, В.В. Васюта, Ю.А. Черевичний
Адаптація методу «Penman-Monteith» на культурі томата россадного у виробничих

умовах на краплинному зрошенні
Анотація. Обгрунтовано науково-методичні підходи та підтверджено необхідність адаптації 
методу «Penman-Monteith» на культурі томата. Встановлено режим краплинного зрошення 
та параметри ЕТс томата у  виробничих умовах Степу України. Розраховано фактичні 
коефіцієнти культури Кс томата з урахуванням кліматичних умов зони Степу України. 
Підтверджено, що фактичні значення Кс є меншими на 40,9-43,5 % від Кс ЕАО. Рекомендовано 
в подальшому для визначення ЕТс і оперативного управління режимом краплинного зрошення 
томата використовувати скореговані значення коефіцієнта культури Кс.
Клю чові слова: сумарне водоспоживання, коефіцієнт культури, норма зрошення, краплинне 
зрошення, томат.
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