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Introduction

The global climate change, scarce soil reserves, decline 
in water supply and the growing tendency of population 
increase vulnerability of the food safety system in the 
Republic of Armenia. Almost 14 % GDP (gross domestic 
product) of Armenia is provided by the agricultural 
sector, moreover, plant breeding sector accounts for 
its 46.9 %. More than 80 % of plant-based products are 
obtained in irrigated conditions. Eventually, among the 
primary factors of crops yield capacity increase, moisture 
supply index, soil fertility and ameliorative conditions 
are distinguished. The moisture supply index is usually 
estimated through the ratio of atmospheric precipitation 
fallen in that area and evaporation level. In view of generic 
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index, soil fertility can be addressed as the indicator of 
soils’ qualitative evaluation. Ameliorative conditions of 
soils are manifested through salt, nutritional, air, thermal 
and humidity regimes. For the projection of crops yield 
capacity, yield amounts of different years, agroclimatic 
characteristics, atmospheric precipitations, water supply 
rate and characteristics of soil reclaiming regimes can 
serve as a background.

Materials and methods

For research implementation, agroclimatic changes of 
the Ararat valley, piedmont zones and partially those of 
mountainous areas for 2006-2020 years have been studied. 

  The current research work considers the results of investigations conducted for 
projecting and planning crops yield capacity based on statistical indicators of 
the yield amounts and changes in agroclimatic conditions throughout 2006-
2020 years. 
To forecast the crop’s yield capacity, the data on the results of crops yield 
amount, agroclimatic characteristics of their allocation and atmospheric 
precipitations for the previous years have been processed. Finally, an algorithm 
has been developed, which has been applied for potato crops and, as a result, 
changing tendencies in the potato yield capacity, when deviated from the best 
soil and climatic conditions, has been demonstrated.
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The data of 10 hydrometeorological stations, including 
Artashat (829 m), Yerevan Agro (942 m), Yeghvard 
(1336 m), Hrazdan (1756 m), Urtsadzor (1046 m) and 
Jermuk (2064 m) stations have been used to study the 
climatic conditions of the investigated areas. The scheme 
of the stations’ allocation is introduced in figure 1.

and Utina, 1968, Zhukovsky and Sanoyan, 1977, 
Konstantinov, et al., 1974, Kozlovskiy, 1969, Cowan, 
1965, Scotler and Kerr, 1973, Goldstein and Mankin, 
1972, Cowan, 1972, Day, 1947):
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Figure 1. Allocation of hydromeeorological stations in the 
territory of Armenia.

The maximum yield capacity of the agricultural crops is 
determined based on the radiation balance, a number of 
soil and climatic indicators, fertilization background and a 
number of values related to biophysical processes recorded 
on that specific area (Tupichev, 1973, Filipov, 1982, Frid, 
1974):
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where R is the radiation balance observed on the soil 
surface (kJ/cm2 a year), which is identified via the 
following equation:

                              R = LE + B + S,                          (4)

where LE is the heat amount spent on the physical 
evaporation and transpiration, B is the heat exchange 
value between the soil surface and atmosphere, S is the 
heat exchange value between the soil strata and substrata, 
η1 is the coefficient of photosynthetically active radiation,            

Making use of the data on agroclimatic indicators, the 
maximum estimated evaporations per years have been 
calculated through FAO-56 method developed on the 
bases of Penman-Monteith equation.

For the projection of crops’ yield capacity the following 
dependence is considered to be the most applicable one:
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,n

max ri i ci sarg i ii
y y K K K K K α

=
= ⋅ ⋅ ⋅ ⋅ ⋅∑        (1)

where ymax is the maximum crop yield capacity in the 
specific soil and climatic conditions, K0 is a coefficient, 
which considers the crop yield capacity decline in case of 
deviation from the best agrotechnical terms, Kri  – considers 
it in case of deviation from the best moisture conditions in 
that very development stage,  Kgi – in case of high level of 
ground waters, Kci  – in case of availability of harmful salts, 
Ksari – in case of alkalization and ai  is the specific weight 
of the agricultural crop’s developmental stage.

In case of deviation from the best agrotechnical terms, 
the amount of crop yield decrease is estimated through K0 

coefficient, for the determination of which the following 
dependence is suggested (Dmitrenko, 1971, Gorbunova 
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conditions of the Ararat valley*
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Row crops 150...360 1000...1500 3800...4200

*Composed by the author.
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η2 is a coefficient that estimates the fertility index of 
irrigated land area based on the natural, soil and climatic 
conditions and fertilization background, η3 is the ratio 
between the mass of fruit-producing organs and the sum 
of the crops’ under- and above-ground weights, Ch is the 
heat capacity of dry matter per yield unit, r is the weighted 
humidity of the marketable yield (Dzekunov, et al., 1987, 
Golovanov and Novikov, 1974, Golochenko, 1976). The 
values of abovementioned factors and coefficients are 
presented in Table 2.

Figure 2.  Potato yield capacity per the regions of the RA within 
2006-2020 years (composed by the author).

Table 2. Values of coefficients*

R η3 η3 η3 Ch r

4000...4200 0.01...0.04 20...100 0.4...0.9 18.1...20.2 0.14...0.80

The values of Kri, which identify the decreasing tendency 
of crops yield capacity in case of deviation from the best 
soil humidity conditions, are determined through the 
following pattern:
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Here ri(x) is the average volume humidity in the soil active 
stratum for the given phase of crop development, A is the 
porosity, B3 is the crop withering moisture, ri is the best 
soil moisture,  γi is a degree index, which characterizes the 
plant sensitivity in that specific development stage, when 
the soil moisture deviates from the index of best moisture 
(Yeghiazaryan, et al., 2021, Danielyan, 2021). For the 
row crops   rgood = 0.68 … 0.75, and the values of γi per the 
developmental stages assume the following mean values: 
3.2; 5.8; 5.6; 6.0.  Ground waters are located at the depths of 
more than 2 m, and in case of drainage systems availability 
the values of  Kgi fluctuate within the range of 0.8…1.0. 
The yield capacity decrease of the agricultural crops is also 
related to the total amount of harmful salts in the medium 
and to the alkalization degree, the effects of which are 
evaluated by means of KCi  and Ksari coefficients (Table 3) 
(Khruslova, 1983, Shulgin and Masharipov, 1969).

Table 3. Values of KCi and Ksari*

,C∑  
% 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

KCi 0.98 0.96 0.85 0.79 0.65 0.55 0.38 0.25

SAR 0 1 2 3 4 5 6 7

Ksari 1 0.98 0.96 0.96 0.80 0.68 0.35 0.28

Table 4. Values of  ai  for the row crops*

Developmental stages 1 2 3

ai 0.33 0.34 0.33

*Composed by the author.

Results and discussions

The analyses and discussions have been conducted on 
the example of potato crop. Studies show that the areas 
under potato fields got reduced monotonously during 
the observation period. The maximum sown area made 
34298 ha, minimum sown area – 20477 ha in 2019, hence, 
the cropland area was reduced by about 40.3 %. Yield 
capacity fluctuated within the range of 163.4-231.6 c/ha, 
besides, the yield reduction against the maximum value 
made 29.4 %, minimum deviation was about 6 %, which 
was recorded in 2015.
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Figure 3.  Dynamics of average potato yield capacity (composed 
by the author).
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Figure 4.  Increasing and decreasing dynamics of potato yield 
capacity per years (composed by the author).
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The studies on increasing and decreasing tendencies for 
potato yield capacity disclose that these variations are 
related to the complex impact of numerous factors. Anyhow, 
among the considered factors the hydrometeorological 
ones for that very period have the highest specific weight. 
For the evaluation of their complex effect, the estimated 
total evaporation and the dynamics of atmospheric 
precipitation have been used as a base. As it is depicted in 
Figure 4, throughout 2006-2011 different degree of yield 
capacity decline was observed with the maximum index of 
18 % recorded in 2006.

There is a certain regularity between the relations of yield 
capacity decrease and P/ET0. It is observed that within 
2015-2019 years the coefficient of moisture supply fell 
from the value of 0.8 down to 0.2. In case of 40 % decrease 
in moisture supply potato yield capacity declines by 43 %. 
Parallel to the gradual increase of the altitude from the sea 
level, the yield capacity reduction makes 20-25 %.

Estimations of the yield capacity projections for the 
agricultural crops are introduces in the Tables 5 and 6.

Figure 5. Dynamics of maximum evaporation and average 
atmospheric precipitations per the data of 
hydrometeorological stations (composed by the 
author).
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Figure 6.  The change of moisture supply per years and observation 
data: 1-Artashat (829 m); 2-Yerevan Agro (942 m); 
3-Yeghvard (1336 m); 4-Hrazdan (1756 m); 5- Urtsadzor 
(1064 m); 6-Jermuk (2064 m) (composed by the author).
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Table 5. Forecasting potato yield capacity related to 
different factors in crop stress conditions 
(potato, ymax=20.1 c/ha)*

N
am

e 
of

 
ag

ri
cu

ltu
ra

l 
cr

op

A
m

el
io

ra
tiv

e 
in

di
ca

to
rs

Development stages of 
the agricultural crops

1 2 3

Potato

Kri 0.77 0.88 0.82
Kri 1.00 1.0 1.00
KCi 0.25 0.25 0.25
Ksari 0.28 0.28 0.28
ai 0.33 0.34 0.33

Kri . Kgi .KCi .Ksari . ai  0.018 0.021 0.019

0.058

K0 0.869

K0  . ymax 346.47

Expected yield capacity ymax (c/ha) 20.1

*Composed by the author.
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Conclusion

With the aim of planning and forecasting the crops’ yield 
capacity, a computational and analytical algorithm has been 
developed based on the agroclimatic factors and statistical 
indices of yield capacity. It has been applied for the 
crops grown in conditions of Ararat valley and piedmont 
zones along the territory of Armenia. Theoretically, the 
effect of different soil and climatic factors on the crop’s 
yield capacity indices has been identified. The developed 
algorithm has been practically used for the potato crop, 
thereupon the changing tendencies in the crop yield 
capacity, when deviated from the best soil and climatic 
conditions, has been demonstrated.

References

1. Goldstein, R.A., Mankin, T.B. (1972).  Prosper: 
A Model of Atmosphere-Soil-Plant-Water Flow. 
In: Proceedings of the 1972 Summer Computer 
Simulation Conference, San Diego, California, 
U.S.A, - pp. 1176-1181. 

2. Cowan, I.R. (1965). Transport of Water in the Soil-
Plant-Atmosphere System. – J. Appl. Ecol. “J. Appl. 
Ecol.” Vol. 2, - pp. 221-239.

3. Cowan, I.R. (1972). An Electrical Analogue of 

Table 6. Forecasting the potato yield capacity in crop 
stress-free conditions (potato, ymax=398.7  c/ha)*

N
am

e 
of

 
ag

ri
cu

ltu
ra

l 
cr

op

A
m

el
io

ra
tiv

e 
in

di
ca

to
rs

Development stages of 
the agricultural crops

1 2 3

Potato

Kri 0.85 0.88 0.84
Kri 1.00 1.00 1.00
KCi 0.96 0.98 0.96
Ksari 0.98 0.98 0.98
ai 0.33 0.34 0.331

Kri . Kgi .KCi .Ksari . ai  0.264 0.287 0.261

0.812

K0 0.945

K0  . ymax 376.77

Expected yield capacity ymax (c/ha) 356.05

*Composed by the author.

1

n

ri i ci sari ig
i

K K K K α
=

⋅ ⋅ ⋅ ⋅∑

Evaporation from and Flow of Water in Plants. –Planta, 
- Vol. 106, - pp. 221-226. https://doi.org/10.1007/
bf00388099.

4. Danielyan, R.A. (2021). Software Package for 
Determining the Capillary Adsorption Potential 
in Irrigated lands // Agriscience and Technology, 
Yerevan, N 4/76, - pp. 336-440. https://doi.
org/10.52276/25792822-2021.4-336.

5. Day, P.R. (1942). The Moisture Potential of Soils. Soil 
Sci. -Vol.54, - pp. 391–400. 

6. Dmitrenko, V.P. (1971). About Calculation Models 
of Yield Capacity of Agricultural Crops Taking into 
Account Hydrometeorological Factors. “Meteorology 
and Hydrology”, - pp. 84-91. 

7. Dzekunov, N.E., Zhernov, I.E., Faibishenko, B. A. 
(1987). Thermodynamic Methods for Studying the 
Water Regime of the Aeration Zone. Moscow, Nedra, 
-174 p. (in Russian). 

8. Filipov, L.A. (1982). Water Regime of Plants and Soil 
Irrigation Diagnosis. - Novosibirsk, Nauka, -152 p. (in 
Russian).

9. Frid, A.S. (1974). Mathematical Model as a Method 
for Studying Root Uptake of Substances by Plants. 
“Agrochemsitry”, - pp.122-131(in Russian).

10. Golochenko, M.G. (1976). Moisture Supply and 
Irrigation of Lands in Belarus. – Minsk, Harvest,                   
-189 p. (in Russian).

11. Golovanov, A.I., Novikov, O.S. (1974). Mathematical 
Model of Moisture and Salts Solutions Transfer in 
Soils on the Irrigated Lands. Agricultural Reclamation: 
Collection of Scientific Works. Moscow, MGMI,                   
Vol. 36, - pp. 87–95. 

12. Gorbunova, I.G., Utina, Z.M. (1968). Effect of 
Meteorological Factors on Irrigation Rates. – 
Proceedings of GTO, Edition 226, - pp. 64-72 (in 
Russian).

13. Khruslova, T.N. (1983). Scientific Basis for Increasing 
Crop Yields and Soil Fertility in Fodder Crop Rotations 
when Irrigated with Wastewater. – Abstract. Ph.D. 
Kishinev, - 35 p. (in Russian).

14. Konstantinov, A.R., Shcherban, A.V., Rudenko, L.G. 
(1974). An Empirical Model of the Winter Wheat Root 
System with Consideration for Weather Conditions 
and the Distribution of Moisture Reserves by Strata. – 
Meteorology and Hydrology, - pp. 88-95 (in Russian). 



Agronomy and Agroecology

AGRISCIENCE AND TECHNOLOGY   Armenian National Agrarian University  2 (78)/2022

148

Accepted on 25.04.2022
Reviewed on 30.05.2022

15. Kozlovskiy, T. (1969). Water Exchange of Plants. –
Trans. from English. - M.: Kolos, - 247 p. (in Russian).

16. Scotler, D.R., Kerr, J.P. (1973). Weather and Growth 
of Maize: Evapotranspiration. – Symp. Meteorol and 
Food Wellington, - pp. 85-100.

17. Shulgin, D.F., Masharipov, R.O. (1969). The Prediction 
of the Salt Regime of Saline Soils in Drainage 
Conditions via Computer. – Hydroengineering and 
Land Reclamation, - pp. 90-94 (in Russian).

18. Tupichev, V. A. (1973). On the Asymptotic Solution of 
the Diffusion Equation for the Radial Flow of Water to 

Plant Roots. – Proceedings of IEM, No 3, - pp. 43-49 
(in Russian).

19. Yeghiazaryan, G.M., Khachatryan, A.Kh., Danielyan, 
R.A. (2021). Analytic Assessment of the Moisture 
Capacity Dynamics in the Aeration Zone of Irrigated 
Lands // Agriscience and Technology, Yerevan,  - N 3/75, 
- pp. 235-240 (in Armenian). 

20. Zhukovsky, E.E., Sanoyan, M.G. (1977). The Static 
Interpretation of Finite Differences of Meteorological 
Elements. – Collected Works on the Agronomist. 
Physics, No 43, - pp. 147-152 (in Russian). 


