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INTRODUCTION AND OBJECTIVE

Marked variation of precipitation – its amount, 
intensity and distribution throughout the growing 
season – is the main cause of variation in the yields 
of cereals [Żarski 2009, Gąsiorowska et al. 2011]. 
Crop plant yields, including oats, predominantly 
depend on weather conditions, agrotechnological 
practices and soil conditions. The factors cause 
substantial yield variation every year. The relation-
ship between precipitation and oats yield has been 
studied by many authors [Bobrecka-Jamro 1999, 
Ścigalska 1999, Stupnicka et al. 1999, Michalski 
et al. 1999, Skowera 2000]. According to Trybała 
(1996), 200–250 mm during the growing season 
is an optimal precipitation sum for oats cultivated 
on light soils. Also, a qualitative and quantitative 
description of droughts is significant for yield fore-
casting as they can cause substantial economic 
loss [Kędziora 2003]. Scenarios of climatic change 
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ABSTRACT
The objective of the work was to evaluate the effect of hydrothermal conditions on 
oats yields produced in east-central Poland. Hydrothermal conditions were determined 
based on the Sielianinov’s hydrothermal coefficient for nine IMGW (Institute of Me-
teorology and Water Management) stations located in the study area. The second data 
set consisted of oats yields compiled and published by the Main Statistical Office. 
Average yields as well as minimum and maximum yields were analysed. The relation-
ship between oats yields and hydrothermal conditions was examined using a step-wise 
linear regression model. Correlation coefficients were negative in April and positive 
in June at all the stations. The relationships were confirmed by an analysis of regres-
sion equations. The regression equations also included coefficients for May and June 
which, however, were not statistically significant. Yield variation, described by regres-
sion equations of the dependence of oats yield on Sielianinov’s hydrothermal coef-
ficient value was accounted for from 19 (Siedlce, Biała Podlaska) to 50% (Ostrołeka).
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predict increasing threat of droughts occurring dur-
ing the growing season. As the forecasted warm-
ing is taking place in Poland, yielding conditions 
for warmth-loving plants improve but they be-
come worse for potato and spring crops [Górski et 
al. 2008]. Oats is a relatively undemanding crop 
in terms of temperature and makes a good use of 
increased precipitation [Sułek et al. 2001, Sułek 
and Leszczyńska 2004]. The crop is classified as a 
moderate and humid climate plant. It germinates at 
2–3 °C, tillers best at 6–12 °C, elongates the shoots 
at 12–16 °C. The coefficient of transpiration for 
oats is quite high (approx. 500). Precipitation oc-
curring before sowing is of particular importance 
as oats have a hard outer hull and so need much 
water to germinate. Best yields are associated with 
precipitation in July at the stem elongation stage 
[Leszczyńska 2002]. The objective of the work 
was to determine the effect of hydrothermal condi-
tions on oats yields in east-central Poland.
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MATERIALS AND METHODS

Meteorological data for 1975–2005 was ob-
tained from the Institute of Meteorology and Water 
Management in Warsaw. Observations were taken 
at nine synoptic and climatic stations which are lo-
cated in Ostrołka, Szepietowo, Białowieża, Pułtusk, 
Legionowo, Siedlce, Biała Podlaska, Sobieszyn and 
Włodawa (Tabela 1). The stations were selected 
so as to represent different former provinces in the 
study area (administrative division before 1999) 
(Tabela 2). Hydrothermal conditions were assessed 
based on the Sielianinov’s hydrothermal coefficient.

The second dataset consisted of oats yields 
produced over 1975–2005 and compiled by the 
Main Statistical Office (Yields and harvests of 
main agricultural crops in 1975–1977, Output of 
main agricultural and horticultural crops in 1978–
1991, Output of main agricultural crops according 
to provinces and producer groups in 1992–2005).

The relationship between oats yields and the 
values of Sielianinov’s hydrothermal coefficient 
was determined by calculating linear correlation 
coefficients and checking their significance at the 
significance level of α = 0.05. Also, the relation-
ship was examined by multiple linear regression 
according to the following model:  

Y = b0 + b1x1 + b2x2 +... + bnxn, 
where: Y – dependent variable (yield), 
 x1, x2, ..., xn – explanatory variables, 
 b0 – free term,
 b1, b2, ..., bn – regression coefficients 

which represent the rate of change of de-
pendent variable (Y) if the independent 
variable (x) increases by one unit, the re-
maining values being constant. 

Regression equations were obtained by means 
of step-wise regression procedure. In the linear 
models presented (equations describing yield) 
values of t-Student statistic (|temp.|>tα) indicate 
significance of estimated regression parameters. 
The coefficient of determination (R2) was calcu-
lated for each equation.

RESULTS AND DISCUSSION

Crop husbandry needs information on hydro-
thermal conditions so it is important to examine 
them in view if water shortages occurring and 
increasing in Poland. The lowest values of hy-
drothermal coefficient K are obtained for west-
central and central Poland. In recent years, a de-
cline (from 32.8 to 4.5%) in the area of Poland 
where quite wet conditions prevail (1.6<K≤2.0) 
in the summer has been observed coupled with 
an increase (from 14.4 to 44.3%) in the area 
with quite dry conditions (1.0<K≤1.3) [Skowera 
2014]. Hydrothermal conditions in Poland 
vary from region to region. Average values of 
Sielianinov’s hydrothermal coefficient during 
the growing season (April-September) in east-
central Poland from 1971 to 2005 ranged from 
1.38 to 1.46 [Radzka, 2014].

Figure 1 demonstrates a description of oats 
yields in individual former provinces (adminis-
trative division from 1975 to 1998) of east-central 
Poland in the study years.

The average oats yield produced in the study 
area from 1975 to 2005 was 23.4 dt·ha-1, the max-
imum yield was 29.1 dt·ha-1 (chełmskie) and the 
minimum yield was 14.6 dt·ha-1 (ostrołęckie). In 
the study by Kołodziej and Kulig [2007] based on 
results of field experiments with oats cv Jawor in 

Table 1. Geographic coordinates of synoptic and cli-
matic IMGW stations in east-central Poland

Station
Geographic coordinates Hs

m a.s.l.φ° λ°

Ostrołęka 53 o 05’ 21 o 34’ 95

Białowieża 52 o 42’ 23 o 51’ 164

Włodawa 51 o 33’ 23 o 32’ 163

Szepietowo 52 o 51’ 22 o 33’ 150

Legionowo 52 o 24’ 20 o 58’ 93

Biała Podlaska 52 o 02’ 23 o 05’ 133

Sobieszyn 51 o 37’ 22 o 09’ 135

Pułtusk 52 o 44’ 21 o 06’ 95

Siedlce 52 o 11’ 22 o 16’ 146

Explanations: φ°– latitude, λ°– longitude, Hs – eleva-
tion above sea level.

Table 2. Administrative division of east-central Po-
land including selected stations 

Station
Administrative 

division (provinces) 
in 1975–1998

Administrative 
division (provinces) 

in 1999–2005
Ostrołęka ostrołęckie mazowieckie

Pułtusk ciechanowskie mazowieckie

Legionowo warszawskie mazowieckie

Siedlce siedleckie mazowieckie

Szepietowo łomżyńskie podlaskie

Białowieża białostockie podlaskie

Biała Podlaska bialskopodlaskie lubelskie

Sobieszyn lubelskie lubelskie

Włodawa chełmskie lubelskie
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1992–2003 at three COBORU (Research Centre 
for Cultivar Testing) stations, average oats yields 
were much higher and ranged from 37.1 to 84.6 
dt·ha-1. According to Budzyński and Krasowicz 
[2008], satisfactory levels of cereal yields depend 
on natural conditions, the right share of cereals in 
rotation and appropriate application of biological 
and agrotechnological progress.

Table 3 presents correlations between oats 
yields and hydrothermal conditions. Correla-
tion coefficients were negative in all the sta-
tions in April but they were significant only for 
Białowieża, Szepietowo and Sobieszyn. Increas-
ing intensity of droughts in June contributed to a 
significant decline in oats yields. In the remain-
ing months of the growing season, there was no 
significant effect of hydrothermal conditions on 
oats yields. As a rule, high cereal yields are ob-
tained when precipitation is low in winter and in 
April with higher rainfall during shoot elongation 

and flowering. If water shortages occur at these 
stages, and are accompanied by high air tempera-
tures, yield structure gets worse [Bombik et al. 
1999, Radzka et al. 2013]. Oat plants are prone to 
water deficit at initial growth stages and grain fill-
ing. Precipitation during the growing season has a 
significant effect on fat yield, as well [Pisulewska 
et al. 2011]. The relationship between oats yields 
and hydrothermal conditions in east-central Po-
land from 1975 to 2005 are presented in table 4.

Values of Sielianinov’s coefficient for June 
entered all the regression equations. Regression 
coefficients for June were positive and significant 
at four stations (Ostrołęka, Legionowo, Biała 
Podlaska, Włodawa). A one unit increase in the 
coefficient value was followed by an increase in 
oats yield ranging from 1.5 dt·ha-1 (Biała Pod-
laska) to 2.5 dt·ha-1 (Legionowo). The regression 
coefficient for April entered four regression equa-
tions, being statistically significant in Białowieża 

Figure 1. Values of average (Y), lowest (Ymin) and highest (Ymax) yields of oats 
in individual former provinces of east-central Poland in the years 1975–2005

Table 3. Linear correlation coefficients between oats yields and the values of the Sielianinov’s hydrothermal coef-
ficient at individual stations of the study area

Station/ Month April May June July August

Włodawa -0.268 -0.148 0.451* 0.031 -0.012

Pułtusk -0.109 0.052 0.392 0.121 -0.151

Siedlce -0.291 0.092 0.399* 0.261 -0.035

Białowieża -0.531* -0.287 0.211 -0.292 0.031

Szepietowo -0.299* 0.031 0.512* 0.092 -0.214

Biała Podlaska -0.151 -0.069 0.452* 0.031 0.021

Legionowo -0.298* 0.031 0.489* 0.159 -0.091

Sobieszyn -0.598* 0.025 0.298 0.212 -0.036

Ostrołęka -0.311 0.244 0.611* 0.241 0.005

r0.05= 0.36, * – siginificant at α=0.05 



187

Journal of Ecological Engineering  vol. 16(3), 2015

only. The hydrothermal conditions in the remain-
ing months did not significantly affect oats yields. 
By contrast, Witkowicz et al. [2009] obtained 
higher yields in the growing season when precipi-
tation was higher in April and May.

Variation in yield, described by means of 
equations of regression of oats yield on Sieliani-
nov’s hydrothermal coefficient, was accounted 
for from 19% (Siedlce, Biała Podlaska) do 50% 
(Ostrołęka). Analysis of linear correlation and 
methods of linear regression tend to be highly 
effective in forecasting oats grain yield and us-
able characteristics based on meteorological data 
[Michalski et al. 1999, Skowera and Kołodziej 
2003]. By contrast, Dragańska et al. [2004] con-
cluded that equations of weather-yield regres-
sion are of little use in assessing hydrothermal 
needs of oats.

CONCLUSIONS

1. Oats yields in east-central Poland were nega-
tively correlated with values of Sielianinov’s 
hydrothermal coefficient in April. However, 
in June correlation coefficients were positive 
and, at most stations, statistically significant, 
which confirms a negative effect of drought in 
June on oats yield.

2. Analysis of regression equations demonstrat-
ed that oats yields were most often affected by 
hydrothermal conditions in April and June. 

A one unit increase in Sielianinov’s coeffi-
cient was followed by an increase in oats yield 
which ranged from 1.5 to 2.5 dt·ha-1. Although 
not significant, the values of hydrothermal co-
efficient for May and July entered the regres-
sion equations, too. 

3. Variation in oats yield was from 16% (Pułtusk) 
to 71% (Szepietowo) due to the values of hy-
drothermal coefficient.
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