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Introduction

Rational use of agro-climatic resources is a nec-
essary part of the scientific study of measures to im-
prove soil fertility. One of the indicators of soil fertility 
is the root layer humidity. However, while assessing 
land resources only soil fertility is taken into consider-
ation in most cases (Alpat’ev 1969; Dębska et al. 2009; 
Gonet et al. 2009; Kalembasa and Becher 2009; Łabaz 
et al. 2011). Soil is a specific medium, and it largely re-
flects the atmospheric climate. Among all the elements 
the soil moisture balance is most complex because of 
its polyfactorial nature and therefore it requires spe-
cial consideration (Aver’yanov 1980). Water condi-
tions of soils and surface layer of the atmosphere is 
not given a high enough level of importance.

So far, there are no fundamental studies con-
cerned with the formation rules of plant available 
moisture content for Belarusian mineral soil based on 
all data for the period of instrumental observations 
differentially for different soil layers. There are only 
limited studies of the transformation of plant avail-
able moisture content on the territory of Belarus in 
the context of natural and anthropogenic factors. That 
is why the aim of this study was to assess the spatial 
and temporal variations of plant available moisture 

content in mineral soils in Belarus. Issues related to 
the change forecast of plant available soil moisture 
content are also insufficient.

Materials and methods

Plant available moisture is used in this work to 
mean the humidity calculated in the study of the area 
moisture balance, i.e. the water available to plants con-
tained in the soil above the permanent wilting point. 
Firstly, estimations of plant available moisture con-
tent (PAMC) are based on the separation of moisture 
available for plants from the total amount of water re-
tained in the soil. Plant available moisture content is 
equally valuable for the formation of a crop that pro-
vides comparability of humidity for different geosys-
tem types. Secondly, stocks of plant available moisture 
make it possible to estimate the moisture content of 
crops, as the moisture values of plants are comparable 
with the values of soil moisture, which are fluctuat-
ing within agrohydrological properties (constants). 
Agrohydrological constants characterize the mobility 
of moisture in the soil and its availability for crops, 
so they are physically reasonable quantitative criteria 
for the classification of soils by their moisture regime 
(Emel’anov and Maslov 1984).
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There are direct and indirect methods to deter-
mine PAMC. The indirect one is in determining the 
quantity of available moisture by calculating the dif-
ference between the total water content in the soil and 
the amount corresponding to the water content at per-
manent wilting point. Thus, moisture at wilting point 
is set to zero and is supposed to be the main agro-
hydrological constant. The direct laboratory-growing 
method supposes that soil moisture is taken into ac-
count at the moment when a grown plant with a well-
developed root system steadily wilts due to dried up 
soil, and all other growth factors are at an optimum.

The amount of plant available moisture, or wa-
ter content in soils, is usually expressed in millimetres 
of the water layer thickness. As such, it is comparable 
with the data on precipitation and evaporation. For 
accurate accounting of soil moisture available (useful) 
for plants, its amount is determined in a one-metre 
thick layer of ploughed soil. To do this, samples of the 
layers 0-50 or 0-100 cm are taken. Soil moisture is de-
termined in them, then multiplied by the soil weight 
and finally the double maximum value of hygroscopic-
ity is subtracted (Shatkauskas 1972).

Observations of soil moisture at weather sta-
tions in Belarus were used as the main source of data 
in our study of the water regime and moisture. Sys-
tematic observations of soil moisture have been car-
ried out in Belarus since 1950, at first at 13 stations 
of the hydrometeorological network, and now at 49. 
After the analysis of primary observation materials for 
their completeness and duration of the observation 
period 44 weather stations were selected, which carry 
out systematic observations of mineral soil moisture 
(Alekseev 1975).

Figure 1 shows the soil map of Belarus and hy-
drometeorological network stations that were used for 
the study (Rogovoi 1972; Miasnikovich 2002; Smeian 
et al. 1977; Shatkauskas 1972).

As shown in Figure 1, soil cover is highly diverse 
on the territory of Belarus. This is due to the typical 
differences, grading of soil and parent bedrock, as well 
as to the humidity of the territory. Sod-podzolic, autho-
morphous soils and wetlands are a dominant part of 
the agricultural lands (72.1%). The lowest proportion 
(0.1%) is made up of sod-calcareous soils, which are the 
most plant available soils of the state. Authomorphous 
sod-podzolic soils make up 34.5% of agricultural lands. 
They are developed on all parent rocks in highly diverse 
conditions of relief, rock formation and vegetation, and 
this is reflected in their appearance and features. These 

soils were formed in a flushing period of the water 
regime, which within the country has the feature of a 
lack of constant flow moisture with its penetration to 
groundwater. Thorough washing of the soil mass oc-
curs in spring during snowmelt and partially in autumn 
during the rainy season. In northern and northeastern 
regions of the country the flushing type of water regime 
is more prominent (Gorbyleva et al. 2007, Kulakovskaia 
et al. 1974).

Sod-podzol marsh soils are formed under condi-
tions of prolonged periodic waterlogging with surface 
water and groundwater, which leads to the formation 
of gley spots or whole gley horizons in their genetic 
profile. These soils are most common in the Vitebsk 
region, where they are formed on the rocks connected 
to the delayed runoff conditions. In the southern part 
of the country they also cover a considerable area and 
are confined to the vast sandy lowlands with shallow 
formation of groundwater.

Sod waterlogged soils are most common in the 
southern part of the country. Here they are formed in 
lowlands with shallow formation of hard groundwa-
ter. In the northern part of the country, these soils are 
confined to the lower slopes and small areas.

The qualitative composition of mineral soils is 
determined not only by their type, but also by their 
particle size distribution. The light- and medium-
loamy soils that have a relatively stable water regime 
and a large supply of nutrients are the ones most suit-
able for agriculture (Gusev et al. 2002). Loamy soils 
take up 20.1% of agricultural land in the Republic. 
The highest proportion of these soils is in the Vitebsk 
region (47.7%). The least amount of loamy soils is 
in the Gomel (4.1%) and Brest (3.8%) regions, while 
the proportion of sandy loam and sandy arable land 
is greatly increased there. In general, the arable lands 
in the country are dominated by sandy loam soils 
(45.6%), half of which is underlain by loam and clay. 
Yields are significantly reduced on sandy soils, which 
have a more dynamic water regime in comparison 
with loamy ones. Sandy soils are characterized by the 
lowest level of productivity, and make up a fifth of 
the agricultural area of the Republic (21.2%), and in 
the Brest and Gomel regions almost half of their area 
(40.8 and 46.8%, respectively). The productivity of 
light grain texture soils increases greatly when a small 
depth is underlain with moraine loam or other dense 
rocks that contribute to plant available moisture in the 
upper soil profile. Sandy soils underlain by loam take 
up about 2% of agricultural land of the Republic.
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The average plant available moisture content 
in soils during the growing season (May-August) for 
a soil layer 50 cm in thickness was used. The obser-
vational period covered the years from 1959 to 2001. 
However, due to the gaps in observations, the real 
lengths of the time series were unequal and ranged 
from 12 to 41 years (30 years on average). In some 
cases, we attempted to restore the missing variables by 
methods of simple and multiple correlation, as well as 
by water balance methods. In the case of a satisfactory 
result, the value obtained was included in the time se-
ries. The study period covers various humidification 
years and reflects the long-term average soil moisture 
conditions in Belarus.

Analysis of the initial data of plant available 
moisture content shows that they are highly variable. 
The soil is saturated with moisture to field capacity after 
the spring thaw, as well as after heavy rains. This water 
content retained in soil is considered optimal for plants.

By the middle of the growing season (June-
July), due to consumption of soil moisture through 
evapotranspiration, soil moisture content is reduced. 
In some periods, the moisture content may decline to 
discontinuity of capillary moisture and soil moisture 
becomes less accessible to plants and the plant starts 
to be oppressed and at a further reduction of moisture 
can be lost (Bulavko 1965; Okulik 1989; Okulik and 
Sudas 1981).

Fig. 1. Soil map of Belarus and the location of agro-meteorological stations: 1a – sod-podzolic strongly eroded loamy and sandy soils; 
1b – sod-podzolic loamy and sandy eroded soils, 2 – sod-podzolic loamy clay and heavily waterlogged soils, 3 – sod-podzolic silty sandy 
soils, 4 – sod-podzolic loamy soils, 5 – sod-podzolic loamy and sandy soils, 6 – sod- podzolic loamy and sandy soils; 7 – sod-podzolic 
strongly eroded silty loam soils, 8 – sod- podzolic silty loam and sandy soils; 9a – sod-podzolic loamy and sandy soils; 9b – sod-podzolic 
loamy and sandy soils, 10 – sod-podzolic sandy soils, 11 – sod-podzolic silty loam and sandy loam soils, 12 – sod-podzolic loamy and 
sandy soils; 13 – sod-podzolic sandy wetlands soils, 14 – sod-podzolic loamy soils; 15a – sod-podzolic strongly waterlogged silty loam 
and sandy soils; 15b – sod-podzolic silty-sandy and loamy soils, 16 – sod-podzolic loamy wetlands and sandy soils; 17a – peat and sod-
podzolic sandy waterlogged soil; 17b – sod-podzolic sandy and swampy peat soils; 17c – sod-podzolic loamy wetlands and peat soils; 
17d – sod-waterlogged soils; 18 – sod-calcareous soils; 19a – sod-podzolic sandy; 19b – sod-podzolic loamy wetlands and sandy soils, 
20 – sod-podzolic silty loam and sandy loam soils. Agro-meteorological stations were marked by triangles.
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Results and Discussion

The plant available moisture content of mineral 
soils was calculated for each region of Belarus, with 
the approach proposed by Pluzhnikov (Pluzhnikov et 
al. 1996, Pluzhnikov et al. 1995), and put together in 
Table 1. 

The difference in soil moisture content is caused 
by the texture of the soil prevailing in each region. 
Thus, the Brest and Grodno regions have a different 
moisture content while the geometrical areas of min-
eral lands are almost identical there. Due to the fact 
that the Brest region is dominated by light textured 
soils (for sandy soils the proportion of arable land 
is 46.5%, and it is 37.5% for loamy ones) soil mois-
ture content is lower than in Grodno, where there are 
heavier soils (sandy soils, with the proportion of ar-
able lands of 15.2%, and loamy ones 80.8%). It is com-
monly known that heavy soils are able to accumulate 
and retain more moisture in comparison with light 
ones (Alibegova 1985; Gorbyleva et al. 2007).

Quantitative evaluation of changes in time se-
ries of plant available moisture content was carried 
out using the gradients of the linear trends. The gradi-
ent for each decade of the growing season was derived 
for this purpose as well as a general one for the entire 
growing season for the whole territory of Belarus (Ta-
ble 2).

Table 1. Data on average plant available moisture resources in the 
meter layer of mineral soils in different areas of Belarus (water 
content in average year)

Area
Area Moisture content  

during the growing season

[km2] [m3 ha–1] [km3]

Brest 22.45 1030 2.3

Vitebsk 34.30 1655 5.7

Gomel 32.80 1363 4.5

Grodno 22.63 1262 2.9

Minsk 32.93 1350 4.4

Mogilev 26.42 1978 5.2

Belarus 171.53 8638 25.0

Table 2. Gradients (mm per 10 years) of plant available moisture content changes (a) and correlation coefficients of linear trendline (r) 
calculated for selected agro-meteorological stations
The northern part of Belarus

Meteorological stations Verhnedvinsk Polock Sharkovshina Vitebsk Senno Orsha Gorki

Month Ten-day 
period a r a r a r a r a r a r a r

A
pr

il

1 -32.0 -0.56 21.25 0.56 12.01 0.34 -7.79 -0.21 -25.56 -0.62 -22.81 -0.39 -10.68 -0.31

2 -14.96 -0.44 10.82 0.40 9.73 0.50 1.12 0.07 -24.13 -0.72 -22.69 -0.41 1.77 0.05

3 -13.77 -0.50 7.88 0.45 10.2 0.51 1.74 0.09 -27.47 -0.50 -28.58 -0.73 10.94 0.05

M
ay

1 -12.97 -0.73 5.06 0.25 8.46 0.42 -1.96 -0.07 -31.86 -0.21 -23.58 -0.77 -0.68 -0.03

2 -20.65 -0.64 3.26 0.13 4.94 0.24 -2.50 0.06 -25.53 -0.63 -21.02 -0.93 -4.78 -0.18

3 -19.41 -0.64 2.04 0.08 6.02 0.26 3.58 0.15 -6.91 -0.76 -15.39 -0.86 2.34 0.09

Ju
ne

1 -17.49 -0.58 2.91 0.10 10.05 0.36 3.46 0.12 -35.43 -0.42 -40.34 -0.84 1.10 0.04

2 -19.13 -0.55 5.80 0.18 13.69 0.48 -0.67 -0.02 -44.91 -0.63 -51.72 -0.83 1.74 0.06

3 -8.92 -0.20 10.57 0.33 12.44 0.47 9.72 0.30 -28.56 -0.66 -26.63 -0.81 6.45 0.24

Ju
ly

1 -12.22 -0.34 5.27 0.17 16.77 0.52 3.54 0.14 -35.39 -0.70 -29.27 -0.55 0.84 0.03

2 -7.74 -0.16 3.62 0.11 14.66 0.53 -2.00 -0.07 -37.27 -0.62 -23.79 0.48 4.23 0.12

3 -5.26 -0.12 3.16 0.09 15.22 0.50 6.43 0.17 -11.77 -0.16 6.73 0.32 4.36 -0.01

Au
gu

st

1 -13.11 -0.29 5.95 0.14 13.06 0.42 -5.03 -0.14 -25.4 -0.30 -17.87 0.58 -0.27 -0.01

2 -12.43 -0.25 3.90 0.11 7.57 0.28 8.45 0.22 -6.53 -0.02 -8.09 0.26 2.46 0.07

3 -8.66 -0.20 1.47 0.04 15.07 0.46 5.37 0.14 3.81 -0.59 -2.39 0.71 5.72 0.16

Se
pt

em
be

r 1 3.48 0.08 1.71 0.04 15.81 0.56 5.67 0.16 -34.31 0.02 -14.86 0.43 5.99 0.18

2 4.33 0.10 0.78 0.01 16.76 0.50 7.37 0.19 -45.55 -0.21 -18.60 0.13 6.41 0.18

3 1.02 0.02 3.05 0.08 20.04 0.58 8.02 0.25 -37.05 -0.33 -34.79 -0.17 6.55 0.19

O
ct

ob
er 1 -0.28 -0.01 1.73 0.05 20.24 0.60 5.95 0.18 -31.03 -0.02 -19.47 -0.11 9.31 0.27

2 0.06 0.00 1.08 0.04 20.74 0.62 8.31 0.26 -22.38 -0.16 -10.85 -0.17 5.23 0.18

3 -4.03 -0.11 0.36 0.01 15.49 0.47 6.75 0.22 -19.65 -0.07 -14.03 -0.2 5.06 0.17

Vegetation period -1.22 -0.43 4.56 0.19 11.16 0.59 4.46 0.26 -21.62 -0.71 -17.65 -0.62 2.23 0.11

Note: Statistically significant values are marked in bold
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The central part of Belarus

Meteorological stations Minsk Marina-Gorka Grodno Volkovysk Kostukovichi Baranavichi Bobruisk

Month Ten-day 
period a r a r a r a r a r a r a r

Ap
ril

1 -17.31 -0.68 12.13 0.49 3.05 0.13 21.3 0.66 16.49 0.45 22.35 0.55 14.51 0.51
2 -4.83 -0.24 11.11 0.53 -3.74 -0.20 19.62 0.61 7.98 0.30 14.74 0.46 18.90 0.60
3 -6.40 -0.28 14.25 0.67 -4.60 -0.31 13.42 0.47 22.84 0.49 12.19 0.43 14.68 0.65

M
ay

1 -6.20 -0.34 7.36 0.34 -3.46 -0.20 8.31 0.35 16.56 0.46 12.15 0.38 14.44 0.63
2 -7.96 -0.40 6.02 0.30 -0.81 -0.05 6.42 0.23 16.42 0.40 -0.37 -0.01 14.41 0.65
3 -4.29 -0.16 9.03 0.38 2.10 0.11 8.82 0.29 9.44 0.35 -0.43 -0.01 11.15 0.50

Ju
ne

1 -4.11 -0.16 6.39 0.24 2.34 0.11 10.55 0.33 6.33 0.23 8.66 0.27 15.96 0.65
2 -4.64 -0.17 7.35 0.30 5.49 0.26 10.05 0.34 1.96 0.06 8.09 0.23 19.64 0.74
3 4.22 0.12 12.93 0.55 7.20 0.43 11.54 0.34 10.62 0.30 18.35 0.45 21.03 0.76

Ju
ly

1 -3.04 -0.09 13.25 0.55 7.40 0.35 9.72 0.28 6.92 0.18 13.44 0.44 14.52 0.63
2 -2.00 -0.06 9.76 0.40 9.64 0.43 17.02 0.48 17.25 0.32 11.82 0.35 14.67 0.55
3 4.89 0.12 11.07 0.44 9.75 0.34 14.13 0.41 18.14 0.33 24.07 0.60 12.96 0.51

Au
gu

st 1 -9.99 -0.28 5.63 0.23 11.28 0.40 14.96 0.41 13.77 0.32 19.94 0.48 12.74 0.52
2 -5.42 -0.15 3.33 0.14 11.41 0.42 14.96 0.45 20.78 0.44 10.94 0.31 6.67 0.28

3 -6.76 -0.20 2.99 0.11 1.90 0.06 4.64 0.15 24.37 0.50 17.77 0.46 8.57 0.37

Se
pt

em
be

r

1 0.03 0.00 12.05 0.46 7.23 0.25 4.09 0.03 23.42 0.64 19.33 0.48 10.82 0.48
2 3.62 0.09 14.68 0.52 5.24 0.16 15.27 0.41 21.94 0.59 28.49 0.62 10.14 0.49
3 4.15 -0.12 11.74 0.47 7.70 0.28 15.75 0.44 18.32 0.49 19.03 0.47 11.99 0.58

O
ct

ob
er 1 -1.75 -0.05 11.14 0.43 8.36 0.30 11.97 0.42 17.36 0.45 11.85 0.35 9.75 0.46

2 -9.80 -0.26 9.11 0.43 7.07 0.27 10.71 0.38 23.42 0.56 8.25 0.17 10.14 0.49
3 -7.90 -0.24 12.46 0.61 6.91 0.28 12.43 0.46 17.14 0.60 7.63 0.25 8.40 0.43

Vegetation period -4.93 -0.25 8.78 0.46 7.23 0.45 9.99 0.41 15.48 0.44 13.04 0.59 13.47 0.70

Note: Statistically significant values are marked in bold

The southern part of Belarus

Meteorological 
stations Globin Prugany Vysokoe Gomel Polesskaj Vaselevichi Brest Pinsk Lelchicy

Month Ten-day 
period a r a r a r a r a r a r a r a r a r

Ap
ril

1 15.56 0.58 -26.67 -0.03 7.52 0.32 1.21 0.43 17.92 0.54 -8.39 -0.39 4.92 0.29 3.50 0.21 9.05 0.37
2 13.97 0.59 -0.56 -0.13 9.42 0.38 7.06 0.20 12.06 0.62 -6.57 -0.35 -1.29 -0.07 7.06 -0.02 6.88 0.33
3 11.44 0.49 -2.06 0.20 11.75 0.52 4.81 0.18 15.75 0.63 -5.36 -0.30 -2.35 -0.14 -0.54 -0.05 6.50 0.33

M
ay

1 12.78 0.61 23.81 -0.11 7.96 0.38 -3.26 -0.14 15.98 0.34 -4.96 -0.26 -1.18 -0.09 -1.01 -0.10 5.56 0.31
2 11.76 0.55 -1.74 0.03 6.71 0.31 5.32 0.23 12.39 0.30 -2.10 -0.10 -1.5 -0.10 -1.92 -0.07 7.13 0.36
3 8.95 0.40 0.47 0.10 7.11 0.28 1.74 0.06 11.33 0.28 2.10 0.12 -2.93 -0.17 -1.47 0.18 6.54 0.34

Ju
ne

1 7.53 0.28 1.89 -0.09 6.71 0.27 -0.36 -0.01 14.34 0.43 -4.83 -0.28 0.64 0.04 4.14 0.14 6.80 0.37
2 10.79 0.46 -1.79 -0.08 3.35 0.13 6.29 0.26 12.58 0.32 2.22 0.12 3.40 0.17 3.62 0.04 8.18 0.38
3 11.56 0.49 -1.81 -0.04 12.2 0.44 8.59 0.35 17.47 0.46 6.89 0.34 5.79 0.31 1.36 0.18 9.25 0.51

Ju
ly

1 5.53 0.22 -0.91 0.01 5.62 0.21 -0.99 -0.04 14.05 0.37 5.63 0.25 9.36 0.44 5.92 0.18 9.12 0.48
2 7.64 0.27 0.17 -0.04 6.36 0.23 -0.46 -0.01 17.4 0.46 5.61 0.27 8.03 0.39 5.61 0.17 13.37 0.53
3 5.79 0.20 -1.05 0.09 8.62 0.28 -1.04 -0.05 2.05 0.54 3.65 0.20 5.45 0.23 6.41 0.13 15.79 0.66

Au
gu

st 1 7.13 0.26 2.54 -0.22 6.39 0.25 4.05 0.13 17.89 0.44 0.01 0.00 -0.28 -0.01 5.10 -0.03 12.14 0.49
2 6.72 0.27 -5.33 -0.10 12.84 0.47 1.78 0.45 17.84 0.42 0.30 0.01 -0.25 -0.01 -1.02 -0.04 12.4 0.53
3 2.26 0.09 -2.36 -0.06 11.96 0.42 1.36 0.45 12.72 0.35 4.24 0.28 0.81 0.03 -1.09 -0.08 2.73 0.15

S
ep

te
m

be
r

1 3.23 0.14 -1.33 -0.06 11.98 0.40 10.64 0.33 18.17 0.43 6.68 0.30 5.39 0.21 -2.00 0.14 2.34 0.12

2 3.44 0.15 -3.76 0.28 15.37 0.48 15.1 0.40 21.47 0.45 6.07 0.26 4.48 0.20 3.56 0.19 8.95 0.39

3 6.08 0.29 6.40 0.00 11.27 0.40 7.21 0.22 19.73 0.41 0.54 0.02 0.75 0.04 6.20 0.28 7.72 0.45

O
ct

ob
er 1 7.57 0.47 0.02 -0.14 9.03 0.30 7.83 0.27 16.84 0.57 3.97 0.22 -0.30 -0.01 9.39 -0.09 8.3 0.43

2 9.21 0.63 -3.08 -0.22 4.35 0.18 13.76 0.45 17.69 0.46 3.83 0.26 -0.36 -0.02 -2.89 0.08 5.72 0.22
3 4.49 0.22 -4.29 -0.26 4.86 0.23 10.66 0.47 17.68 0.54 -0.12 -0.01 1.50 0.09 2.40 0.01 7.53 0.36

Vegetation 
period 7.88 0.46 -0.16 -0.01 8.16 0.48 3.71 0.20 15.32 0.45 3.47 0.25 2.87 0.25 1.43 0.06 8.21 0.53

Note: Statistically significant values are marked in bold
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The results showed that in most stations there 
is a prevailing trend to increase plant available mois-
ture content in general during the growing season. 
This pattern is similar for inner-growing seasons, 
with the exception of data from the Verhnedvinsk 
weather station. The tendency to increase is prob-
ably due to a decrease in evapotranspiration, which 
in its turn is caused by a significant decrease in wind 
speed. In addition, there was an increased precipita-
tion in the northern part of Belarus. Plant available 
moisture content having a negative trend during the 
growing season is observed at the Verhnedvinsk sta-
tion in the majority of decades in the warm period, 
and the same trend can be seen at Senno and Orsha 
stations. Positive trends are observed at the stations of 
Sharkovshina, Marina-Gorka, Grodno, Volkovysk, Ko-
styukovichi, Baranovichi, Bobruisk, Zhlobin, Vysokoe, 
Poleskaya and Lelchitsy. They stand out most clearly 
in the third decade of June, when there is the highest 
number of stations with positive gradient changes in 
plant available moisture content in the 50 cm layer of 
mineral soils.

Natural conditions for agricultural activities in 
Belarus are extremely complex and varied. However, 
in recent years it has become increasingly urgent to 
adapt agriculture to specific landscape conditions in 
order to reduce agricultural production costs. Adapt-
ing agriculture to specific landscape conditions should 
be based on a diligent accounting of natural environ-
mental conditions of specific areas, regions, individ-
ual land users and the allocation of territories with 
homogeneous conditions for agriculture. The latter is 
achieved through the soil-ecological, soil-geograph-
ical and natural reclamation zoning, which typically 
takes into account not only soil conditions, but other 
natural and anthropogenic factors that affect crop 
yields and production efficiency. In this research ar-
eas with homogeneous variability of moisture content 
were identified, i.e. agrohydrological zoning of Belarus 
was performed on plant available moisture content 
change in the 50 cm layer (Fig. 2) and 100 cm layer of 
mineral soils (this is presented in the article by Vol-
chek and Shpendik 2006). Average deviations of plant 
available moisture content gradient display changes of 
14% among districts, although in some cases they are 
as high as 30%. The resulting errors are not beyond 
the permissible quantity representations for elements 
of water balance.

As shown in Fig. 2, changes in the plant avail-
able moisture content have a complex time pattern, 

indicating that the changes in plant available mois-
ture content are multifactorial. Analysis of moisture in 
Belarus has identified three areas with characteristic 
changes. First, there is an area with a positive trend 
of plant available moisture content for the grow-
ing season. Second, there is an area with a negative 
trend. Third, there is an area where significant trends 
in changes of plant available moisture content were 
not revealed. In southern Belarus there are zones 
with increasing plant available water supplies and ar-
eas where moisture content remains constant. In the 
northern and central part of Belarus water supplies 
display a more differential character of changes, which 
is associated with a wide variety of soil and climate 
change resources. Here parent rocks are hard loamy, 
loamy and silty loam soils, as well as forests and forest-
like loam. In recent years there has been an increase 
in the spatial heterogeneity of atmospheric precipita-
tions. There are areas of increasing rainfall (Vitebsk 
region, as well as Zhitkovichi and Lelchitsa districts) 
and a reduction zone (south- eastern part of Belarus).

The time course of evapotranspiration fluctua-
tions also has its changes. Since the late 1990s there 
has been a tendency to reduce evapotranspiration at 
meteorological stations of Vasilevichi, Polesskaya and 
Sharkovshina, while Valkavysk meteorological station 
has shown some increase in evapotranspiration. There 
have also been changes in wind speed. In the early 70s 
there was a sharp decrease in wind speed, followed by 
a stabilization process. Stronger wind speed reduction 
occurred in the middle of the 90s. The greatest chang-
es in wind speed occurred in the central part of Bela-
rus (Minsk and Narach weather stations). The speed 
is reducing more quickly in Polotsk lowland in com-
parison with Polessie. In addition, attention is drawn 
to the axis connecting the Polesskaya and Valkavysk 
weather stations, where wind speed tends to increase. 
All this influenced the trends of plant available mois-
ture content.

Evaluated zones have a longitudinal distribu-
tion pattern on the territory of Belarus, which is due 
to the fact that the formation process of plant available 
moisture content for a half-metre layer of soil is main-
ly influenced by climatic factors, and they are known 
to have a latitudinal distribution pattern. When form-
ing plant available moisture content in a metre layer 
hydrogeological and geological conditions play an im-
portant role in addition to climatic factors, and that 
contributes to the spatial structure of the longitudinal 
zoning character.
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Conclusions

Comprehensive analysis of the time series of 
plant available moisture content has yielded the fol-
lowing new results:

1. Current moisture content of mineral soils was 
calculated for each region of Belarus. Maximum mois-
ture content is in the Mogilev Region (1978 m3 ha–1), 
while minimum ones are in the Brest region (1030 m3 
ha–1).

2. The transformation regularities of plant avail-
able moisture content are established for the geosys-
tems of Belarus. Reducing plant available moisture 
content in a half-metre layer of sod-podzolic loamy 
soil during the growing season is typical for the 
Verkhnedvinsk area in the warm period for the ma-
jority of decades, and the same trend is observed at 
Sianno and Orsha meteorological stations. Positive 
trends are observed at the stations of Sharkovshchina, 

Marina-Gorka, Grodno, Volkovysk, Kostyukovich, 
Baranovichi, Bobruisk, Zhlobin, Vysokoe, Polessie and 
Lelchitsy. They stand out most clearly in the third week 
of June, when there is the largest number of districts 
with the positive gradient of plant available moisture 
content change for 50 cm of the mineral soil layer.

For the metre layer an increase in plant avail-
able moisture content is typical only for sod-podzolic 
soils in Bobruisk, Baranovichi, Marina Gorka, Poles-
sie, Lelchytsy and Sharkovshchina. A negative trend is 
observed in Verkhnedvinsk. In the other studied areas 
the metre layer reveals no trends.

3. According to observed long-term changes 
in soil moisture content the agrohydrological zon-
ing of Belarus territory was carried out. Three areas 
were designated according to changes in plant avail-
able moisture content: I – area with relatively constant 
moisture content; II – areas where plant available wa-
ter supplies increase; III – areas where plant available 

Fig. 2. Agrohydrological zonation of Belarus according to patterns of transformation dynamics of plant available water content in soils: 
I – area with a relatively constant moisture content; IIa – area with increasing plant available moisture content; IIb – area with decreas-
ing plant available moisture content
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water supplies reduce. In southern Belarus a zone with 
increasing plant available water supplies was desig-
nated, as well as an area where moisture content re-
mains constant. In the northern and central part of 
Belarus water supplies have a differential character of 
changes, which is associated with the wide variety of 
the soil cover. The resulting trends of plant available 
moisture content in light-textured soils are associated 
with changes in precipitation, wind and evaporation.
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