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Abstract: - A GIS tool to evaluate the spatial evolution of hydro-thermic features during growing season of 

vegetable crops in Elbe River lowland (Polabi). This article presents the results of the first study on combined 
mezoclimatological, microclimatological and topographical tools for evaluating precision farming in the 
growth of vegetable crops in the Elbe River lowland (Polabi) region from the Czech Republic. We assess the 
variability of basically climatological characteristics in relation to topographic characteristics at the regional 
(Polabi) and local (agricultural farm) scales. At regional scale, interpolation approach is based on local linear 
regression and universal kriging interpolation. At local scale, two conventional interpolation methods, spline 
and local ordinary kriging with a Gaussian model variance across the fields, were applied. The local spline 
interpolators have been used in developing digital elevation models (DEMs) and to determine the slope angle 
inclination of vegetable fields. The DEMs of the vegetable crops fields was developed at a 10 m x 10 m 
resolution based on elevation data collected in the field by a hand-held RTK- Global Positioning System 
receiver. This tool allowed the distinction of microclimatic conditions that produce altitude-slope-related 
patterns of the spatial-temporal distribution of the basic meteorological elements during growing season of 
vegetable crops. The effect of slope on diurnal extreme temperatures in the vegetable cropped field conditions 
was more pronounced than that of elevation. Accordingly to developed maps, the warmest and longest duration 
of sunshine, and the least precipitation totals during growing season occurred in the middle part of Polabi.  
 
Key-words: GIS, vegetable crops, Elbe River Lowland (Polabi), Czech Republic. 
 
 

1 Introduction 
The microclimate experienced by 

individual agricultural crops can vary from the 
local climate as measured by, or interpolated 
from, meteorological networks. The differences 
in slope and aspect can become critical even by 
growing vegetable crops under non-woven 
textile (Loomis, Connor, 1992; Cornford, 
Thornes, 1996). 

Significant gradients in soil moisture and 
near-surface air and soil temperature can occur 
between north- and south-facing aspects 
(Ferrara et al., 2009; Dixit, Chen, 2010). 
Furthermore, microclimatic gradients could be 
utilised as space-for-time proxies to predict 
yields of vegetable crops under different 
meteorological conditions (McCutchan, Fox, 
1986; Kang et al., 2000). Production risk is 

influenced especially by variability in the 
occurrence of hazardous agro-meteorological 
phenomena, the identification of which requires 
detailed analysis at the farm scale. Variations in 
temperature and humidity within a field can 
explain variations in the quality of early spring 
vegetables yield (Potop, Možný, 2011e). We 
selected early spring radish (Raphanus sativus L 
var. radicula Pers.), which is widely cultivated 
in the Czech Republic, and analysed the 
relationship of its growth with topographic and 
meteorological elements. 

In this paper, therefore, we have designed a 
practical methodology for evaluating the diurnal 
range of air temperature-humidity and soil 
temperature under non-woven textile covers 
during the growing period of early spring radish at 
field scale situated in Elbe River lowland. The 
Elbe River lowland, one of the largest farmed 
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2 Czech Hydrometeorological Institute, Czech Republic 
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regions for market vegetable crops, are often 
affected by drought; therefore, they experience 
increased require higher levels of irrigation (Potop 
et al., 2011a; Potop, 2011b, 2011c; Potop, 
Soukup, 2011d; Potop,  Možný, 2011e). This 
region is situated in the warmest climate area in 
the country, the highest potential 
evapotranspiration with relatively low 
precipitation during the growing seasons and 
mostly intensive agriculture (Potop, 2010). The 
persistence of lower than normal precipitation is 
the primary cause of drought in study region, 
while other meteorological factors (such as 
temperature, wind, and humidity) usually 
contribute to intensifying its impacts (Potop et al., 
2012). The highest frequency of “flash drought” 
occurrences was detected in Polabí during the 
growing seasons of vegetable crops. The flash 
drought is the result of a synoptic meteorological 
pattern in which the reference level of 
evapotranspiration greatly exceeds the level of 
precipitation for a period no shorter than 3 weeks.  

This article presents the results of the first 
study on combined microclimatological, 
mezoclimatological and topographical tools for 
evaluating precision farming in the growth of 
vegetable crops in the Elbe River lowland 
region from the Czech Republic. The main 
objective of present study is developing maps of 
spatio-temporary distribution of basically 
climatological characteristics at the seasonal and 
annual resolution by GIS-tools at local and 
regional scales. One aim of this study is to 

develop a digital elevation model of a field that 
can be used to capture topographic effects on 
the spatial-temporal distribution of basic 
meteorological inputs.  
 

2 Data and methods 
This study integrated the experimental 

hourly meteorological datasets and monthly 
meteorological dataset recorded in a dense 
gridded network of the Czech 
Hydrometeorlogical Institute (CHMU).  The 
research methods were divided into two key 
phases: (i) the theoretical part of the research 
focus on the developing maps of spatio-
temporary distribution of basically 
climatological characteristics at the annual and 
growing season (April-September) resolution at 
regional scale and (ii) practical research, we 
assess the variability of daily air and soil 
temperatures and relative air humidity in 
relation to topographic characteristics (elevation 
and slope) at the field scale.  
 

2.1 Site and gridded data sets at regional 
scale (Elbe River lowland) 

The Elbe River lowland (Polabí - Czech 
name and Elbeland - German) is the traditional 
and informal name for a lowlands region located 
in the Central Bohemian Region of the Czech 
Republic. The region, without clear boundaries, 
extends around the Labe (Elbe) River, which is 
the junction of the Labe River with the Vltava 
(Moldau) River [Fig. 1a-b].  

 
a) b) 

Fig. 1 Location of the 116 grid points and their elevation (m a.s.l.) situated in Elbe River Lowland (a) and 
geographic boundaries of Elbe River Lowland (b). 
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Monthly series of temperatures (mean, 

minimum and maximum), rainfall and sunshine 
duration during the periods 1961-2000 and 
1991-2011 were selected from 
Hydrometeorological Institute (CHMI) 
CLIDATA database. A regular gridded network 
with a high horizontal resolution of 10 km was 
applied. Figure 1a presents location of the grid 
points and their elevation situated in Elbe River 
Lowland (Polabi). We used this grid set to 
generate the maps (Kriging interpolation 
technique) of spatio-temporary distribution of 
temperatures (mean, minimum and maximum), 
rainfall and sunshine duration at annual and 
growing season basis [Boxes 1-2]. The spatial 
interpolation of the meteorological parameters 
ranges between the longitudes 13.7°E and 
16.5°E and the latitudes 49.6°N and 50.8°N. 
The lowest and highest altitudes of the gridded 
dataset we used were 168.9 m and 572.9 m, 
respectively, with the 404 m elevation range. 

 

2.2 Site and collection experimental data at 
local scale  

The study was also conducted using 
experimental synchronic measurements of sensors 
distributed over a field with an area of 1.8 ha 
(φ=50º 08´ N, λ=14º 47´E), and hourly 
meteorological datasets were collected for a 
period of 48 days (the vegetable growth period of 
spring radish). The diurnal fluctuations of air 
temperature-humidity and soil temperature were 
estimated in an open field during the growing 
period of commercial early spring radish 
(Raphanus sativus L.var.radicula Pers) at field 
scale in the middle Elbe River lowland. The 
selected field has a hilly terrain with an elevation 
difference of 10 m and well-evidenced 
topographical aspects. The lowest and highest 
points in the field have an elevation of 186.5 and 
196.5 m, respectively [Fig. 2a]. The field area has 
a gentle slope (mean angle is 4 °) with a south-
eastern exposure. The slope angle of the field 
varies between 0.2º and 8.0º, and the slope 
orientation ranges from 0º (north-facing slope) to 
180º (south-facing slope) [Fig. 2b].  

 
a) b) 

  
 

Fig. 2 Digital elevation model derived from RTK-GPS data: Southeast orientation of field; 138 grid points 
collected by GPS (black dots) (a); Model of the slopes based on the interpolated elevation data (b). 
 
Data collected from ten mobile Tinytag 

data loggers (TGIS-1580) were used to model 
surface and soil temperatures and the relative 
humidity under the textile at each grid point. 
These data loggers offer flexibility of recording 
time and meteorological data and then, the data 
can be easily downloaded to a laptop computer 
in the field. Data was downloaded by means of 
cable connected to the computer and then stored 
in Tinytag Explorer software 4.6. Data loggers 
were encased in weather shield for protecting 

temperature and relative humidity sensors.  The 
shield provides protection from rain and 
minimizing direct exposure to sunlight and the 
same time to facilitate air movement. Measures 
of soil temperature at the 5 cm depth using 
sensors placed within sandy loam soil profile 
under radish cropped field. The synchronic 
measurements of sensors on contrasting aspects 
were collected with 1 hour time intervals. The 
data loggers were also grouped in areas of high 
and low altitudes to more effectively capture 
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any topographic effect. This tool allowed the 
distinction of microclimatic conditions that 
produce altitude-slope-related patterns of the 
spatial-temporal distribution of the basic 
climatological characteristics at field level.  

 
2.3 Geostatistical methods at regional and 
local scales 

At regional scale, interpolation approach is 
based on local linear regression and universal 
kriging interpolation. Geostatistical methods allow 
the spatial interpolation of meteorological data in 
relationship with topographic attributes. These 
methods allow the prediction of values for 
arbitrary points in the variable of interest. Many 
researchers have evaluated various methods for 
the interpolation of point climate data.  In this 
study, regarding to generate maps at regional scale 
was applied an approach adopted by CHMI 
(Šercl, 2002). However, due to the fact that Polabi 
is a region without clear geographic boundaries, 
prior to apply this technique, it was created a layer 
with Polabi boundaries by geomorphological 
division map of the Czech Republic [right panel 
of Fig. 1b]. Then, to generate the maps at regional 
scale were used CLIDATA GIS environment and 
method CLIDATA DEM with a horizontal 
resolution of 500 m and 40 km radius of 
regression. Finally, modeling spatial distribution 

of temperatures (mean, maximum and minimum), 
rainfall and sunshine duration in dependence of 
altitude is based by local linear regression method 
and DEM. The main advantage of this technique 
is that maps are compiled not only information 
from various gridded data but also from different 
topographic factors that control the spatial 
distribution of climatological characteristics; this 
improves the accuracy and spatial detail of the 
obtained maps [Boxes 1-2].  

At local scale, two conventional 
interpolation methods, spline and ordinary 
kriging, were applied. Spline interpolators have 
been used in developing digital elevation 
models (DEMs) and to determine the slope 
angle inclination of fields. The interpolated 
surface based on the spline passes exactly 
through the data points and has a minimum 
curvature. This interpolation is also referred to 
as thin plate interpolation, which uses the 
following formula for the surface interpolation: 
z(uα) = f (xi, yi) + εi, i= 1, . . ., n              (1) 
where z(uα) are the elevation measurements, εi 
are zero mean random errors, xi and yi are the 
coordinates of point i, n is equal to the number 
of measurement points and f is an unknown 
deterministic smooth function. 

 
Table 1 Gaussian local semivariogram model of soil temperature at 5 cm depth, air temperature and relative 

humidity (t7 =7 a.m., t2  = 2 p.m. and t9 = 9 p.m. local time): (h) = Sill + Gaussian(Range) + Nugget by 
ArcGIS software (ESRI 2001) 

parameters (h) = Co + Gaussian(Ao) + C1 

Soil t7 (5) = 0.21702*Gaussian(11.458)+0.04726*Nugget 
Soil t2 (5) = 0.30826*Gaussian(20.783)+0.10588*Nugget 
Soil t9 (5) = 0.6538*Gaussian(16.149)+0.1398*Nugget 
Air t7 (5) =2.6561*Gaussian(9.573)+1.2599*Nugget 
Air t2 (5) = 1.1672*Gaussian(23.7)+0.579*Nugget 
Air t9 (5) = 2.365*Gaussian(18.425)+0.4452*Nugget 
RH7 (5) = 2.086*Gaussian(24.288)+0.49518*Nugget 
RH2 (5) = 53.886*Gaussian(30.276)+19.316*Nugget 
RH9 (5) = 11.504*Gaussian(23.031)+15.273*Nugget 

 
 
The terrain model of the crop field was made 

by means of the Global Positioning System (GPS) 
and the Geographical Information System (GIS). 
The latitude, longitude and altitude of 138 places in 
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the field were measured by a hand-held RTK-GPS 
receiver [Fig. 2a]. The DEM of the radish crop 
field was developed at a 10 m x 10 m resolution by 
local spline interpolation based on elevation data 
collected in the field by GPS [Fig. 2a]. The 
resulting Splined DEM was used to derive a slope 
(angle degree) map [Fig. 2b]. The elevations and 
slopes at each data logger position were estimated 
from the DEM (ESRI, 2001). Ordinary kriging has 
become a standard technique for interpolating 
meteorological events and their effect on crop yield 
(Pringle, Mcbratney, 2004). The basic tool of 
geostatistics and kriging is the semivariogram, 
which describes the spatial dependence between 
the estimation points and the measurement points 
in a function of distance h. In this research, a local 

ordinary kriging interpolation of meteorological 
parameters with a Gaussian model variance across 
the field was selected as a suitable interpolation of 
the spatial distribution of agro-meteorological 
parameters. The Gaussian model is similar to the 
exponential model, but it assumes a gradual rise for 
the y-intercept. This model is described by lag 
interval ( (h)), sill variance (Co), nugget variance 
(C1), and range parameter (Ao) [Table 1]. 

Table 2 presents a statistical summary of 
the local ordinary kriging interpolation approach 
with a Gaussian semivariogram of spatial 
distributions of hourly meteorological inputs 
under the Agryl cover and the splined elevation 
of the field.   

 
Table 2 Summary of the local ordinary kriging interpolation approach with a Gaussian semivariogram of the 
spatial distribution of hourly meteorological inputs and the splined elevation of the field:  (t7 =7 a.m., t2 = 2 

p.m. and t9 = 9 p.m. local time). 

Soil temperature at 5cm 
depth (°C) Air temperature (°C) Relative air humidity (%)  h (m) 

t7 t2 t9 t7 t2 t9 RH7 RH2 RH9 
Min 186.5 10.0 14.1 14.4 2.5 25.0 15.4 97.0 20.0 77.0 

25%-tile 190.5 10.4 14.1 14.6 3.0 28.0 16.0 97.0 25.0 78.0 
median 192.5 11.0 14.3 15.0 6.3 29.0 17.0 100.0 30.0 80.0 
75%-tile 194.4 11.2 14.7 16.3 6.4 30.0 19.0 100.0 30.0 88.0 

Max 196.5 11.5 16.0 16.3 8.0 31.5 19.4 100.0 45.0 88.0 
Range 10 1.5 1.9 1.9 5.5 6.5 4.0 3.0 25.0 11.0 

Standard 
deviation 2.3 0.46 0.59 0.82 1.82 1.72 1.50 1.50 7.70 4.69 

Coef. of 
variation 0.01 0.04 0.04 0.05 0.36 0.06 0.09 0.02 0.25 0.06 

Coef. of 
skewness -0.41 -0.37 1.40 0.06 -0.13 -043 0.05 -0.08 0.95 -0.01 

RMS 0.09 0.08 0.119 0.120 0.03 0.06 0.129 0.012 0.143 0.231 
RMS = root-mean-square 

 
Multiple linear regression models for 

relating extreme temperatures to altitude, slope 
angle and average maximum and minimum 
temperatures at the field scale were developed 
to predict the maximum and minimum 
temperature profiles under the Agryl cover for 
the whole growing period of radish. The 
following model was fitted for the 
meteorological inputs: 

T =  α0 + β1 h + β2 S+ε                           (2)  

where T is the maximum and/or minimum 
temperature cover, α0  is the intercept,  β1h is the 
elevation, β2S  is the slope, and ε is the error 
term. All geostatistical analyses were performed 
with ArcGis Software 9.1. 

3. Results and discussions 
3.1 The developing maps of spatio-temporary 
distribution of temperature, precipitation 
and sunshine characteristics at regional scale 
(Elbe River Lowland) 

The maps of the annual and growing season 
resolution have been developed at 116 grid 
points observation dataset for the period 1961-
2000. In this respect, the gridded data of annual 
and growing season of temperatures (mean, 
minimum and maximum), rainfall and sunshine 
duration were spatially averaged by ArcGIS 
Spatial Analyst extension over Elbe River 
lowland (Polabi) domain. The results are 
presented in Table 3. Then, the annual cycle of 
air temperature and precipitation were 
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calculated for each grid point of the domain and 
then spatially averaged. The results are 
summarized and illustrated by Walter-Lieth’s 
climagramm [Fig. 3].   
 

-20

0

20

40

60

80

100

-10.0

0.0

10.0

20.0

30.0

40.0

50.0

J F M A M J J A S O N D

Polabí domain: 49.6°N - 50.8°N; 13.7°E - 16.5°E

°C

mm

 

Fig. 3 Walter-Lieth’s climagramm displays the 
annual cycle of air temperature and precipitation for 

the Polabi domain over the period 1961-2000. 
 

Table 3 The areal average of basically 
climatological characteristics by Spatial Analyst 

extension over Polabi domain for the period  
1961-2000. 

 
Tmean 

°C 

Tmax 

°C 

Tmin 

°C 

Rainfall 

mm 

Sunshine 

hours 

Growin
g season 

14.5 20.5 8.9 365.0 1160.0 

Annual 8.4 13.1 3.9 591.6 1574.2 

 
In Elbe River lowland (Polabi), the mean 

long-term annual precipitation totals is 591.6 
mm compared to 674 mm averaged for entire 
territory of the Czech Republic, and which 
primarily falls in summer (40% of annual 
totals). Whereas in the growing season, mean 
precipitation totals falls in average 365 mm 
[Table 3]. A significant excess of precipitation 
during some periods can result in catastrophic 
flooding (e.g., 2002 year), while a long-term 
lack of precipitation can contribute to the 
incidence of extreme drought spells (e.g., 2003 
year). The annual mean temperature at Polabi 
and country level is 8.4°C and 7.5°C, 
respectively. The mean temperature during 
growing season constitutes 14.5°C. The mean 
annual maximum and minimum temperatures is 
13.1°C and 3.9°C, respectively.  The average 
minimum and maximum temperatures during 
growing season constitutes 20.5°C and 8.9°C, 
respectively. The mean annual sunshine totals 

reached 1160 hours, whereas in growing season 
is 1574.2 hours [Table 3]. The spatially 
distribution of interpolated averages at the 
annual and growing season lags of temperatures 
(mean, minimum and maximum), rainfall and 
sunshine from 1961 to 2000 years over Polabi 
domain are shown in Boxes 1-2. 

At the annual resolution, the spatial 
distribution of annual mean temperature 
(Tmean) ranges between 6.6°C and 9.4°C [Box 
1a]. The majority of Polabi area has Tmean 
values from 8.5°C to 9.0°C correspond to 
territory with altitudes below 200 m. The mean 
annual maximum temperature (Tmax) varies 
from 10.6°C to 14.0°C, while a small area has 
the Tmax values less than 11.0°C [Box 1b]. 
According to the mean annual minimum 
temperature (Tmin), the lowest values (less than 
3.0°C) corresponding to locality with the 
altitude higher than 500 m. The spatially 
distribution of the mean annual Tmin fluctuates 
between 2.6°C and 4.9°C over the Polabi 
territory [Box 1c]. The mean annual 
precipitation total ranges from 460 to 850 mm, 
but the large area of Polabi precipitation total 
falls less than 550 mm [Box 1d]. The mean 
annual total of sunshine duration varies from 
1327 to 1730 hours, but the maximum values 
falling in middle Polabi (higher than 1700 
hours) [Box 1e].  

At growing season resolution, the spatial 
distribution of the mean temperature (Tmean) 
ranges between 12.7°C and 15.6°C [Box 2a]. 
The majority of Polabi area has Tmean values 
from 14.5°C to 15.0°C. The mean Tmax during 
growing season ranged between 17.6°C and 
21.4°C, while a small area has the Tmax values 
less than 18.5°C [Box 2b]. In terms of the mean 
Tmin, the lowest values (less than 7.5°C) 
centred in upper part of Polabi with the altitude 
higher than 450 m. The spatially distribution of 
the mean Tmin varies from 7.4°C to 10.0°C 
over the Polabi territory [Box 2c]. The mean 
precipitation total in growing season fluctuates 
between 304 and 461 mm, but the large area of 
Polabi, precipitation total falls less than 350 mm 
[Box 1d]. The mean sunshine duration total 
ranges from 1000 to 1257 hours, but the 
maximum values receives the middle part of 
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Polabi (higher than 1700 hours) [Box 1e]. As 
can be seen from our developed maps, the 
warmest and longest duration of sunshine, and 
the least precipitation totals during growing 
season occurred in the middle part of Polabi. 

Regarding to practical recommendation, the 
authors suggested that, this region may be 
suitable for cultivation thermophile vegetable 
crops in combination with an irrigation system 
that would assure the qualitative yields. 

 
 

a) b) 

  
c) d) 

  
e)  

 

 

 

 

Box 1: Spatially distribution of averages of 
annual mean temperature (a), maximum 
temperature (b), minimum temperature (c), 
precipitation amount (d) and sunshine (e) 
generated with geostatistical techniques.  

 

 
The significance of time trends in changes of 

temperatures, precipitation and sunshine were 
determined by testing the statistical significance of 
slopes at the p<0.05 probability level according to 
the Student’s t test [Table 4]. In the last two decades, 
the Tmean of annual and growing season has 
increased by 0.036°C year-1 and 0.050°C year-1, 

respectively. Annual (growing season) mean 
maximum and minimum temperatures increased by 
0.035°C year-1 (0.052°C year-1) and 0.038°C year-1 
(0.053°C year-1), respectively, during the 21-year 
period from 1991 to 2011 [Table 4]. The minimum 
temperature during growing season has increased 
approximately three times in comparison with the 
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period from 1961 to 2011. If to compare the extreme 
temperatures for two research periods, long-term 
(1961-2011) and current climate (1991-2011), it is 
evident that over the past 20 years, there had been an 

increase in both maximum and minimum 
temperatures in the growing season, however, 
minimum temperatures had increased more in 
Polabi. 

 
 
 

a) b) 

  
c) d) 

  
e)  

 

 

 

 

Box 2: Spatially distribution of averages during 
growing season (April-September) of mean 
temperature (a), maximum temperature (b), 
minimum temperature (c), precipitation amount 
(d) and sunshine (e) generated with geostatistical 
techniques. 
 

 

 

 

This fact also suggested that higher solar radiation leads to a higher maximum temperature and 
a lower minimum temperature because of radiative cooling. Therefore, radiation had a closer 
positive correlation with maximum temperature than with minimum temperature. Nighttime 
warming could be greater if radiation remained stable (Peng et al., 2004). 
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Table 4 Mean trend slopes per year of annual and growing season of temperatures (mean, minimum and 
maximum), rainfall and sunshine during the periods 1961-2011 and 1991-2011 over Polabi domain. Trends 

(slopes) with * are not statistically significant according to the Student’s t test. 

Annual Growing season 
 

1961-2011 1991-2011 Excess ratio 1961-2011 1991-2011 Excess ratio 

Tmean, °C 0.032 0.036 1.1 0.037 0.050 1.3
Tmax, °C 0.018 0.035 2.0 0.021 0.052 2.4
Tmin, °C 0.014 0.038 2.6 0.015 0.053 3.4
rainfall, mm 0.433* 1.803* 4.2 0.369* 2.257* 6.1
sunshine, 

hours 1.611* 2.393* 1.5 1.435* 1.595* 1.1
 

Interestingly, increasing trend was 
observed for mean precipitation total and 
sunshine duration for both periods and seasons, 
although is not statistically significant [Table 4]. 
Our result suggests that both precipitation total 
and sunshine duration were concomitantly 
increased then it can explain that there is an 
increase in heavy precipitation in the Elbe River 
lowland. Moreover, the longest periods of 
sunshine leads to a higher maximum 
temperature. At the same time, sunshine had the 
opposite effect compared to total precipitation, 
which indicates that the duration of sunshine 
gets longer as the number of days with 
precipitation becomes less. Thus, sunshine is 
reliable agro-climatological parameter that also 
shows the incidence of cloud at given location.  
 
3.2 Relationship between the slope angles and 
the elevation of the radish cropped field and 
the temperature and humidity distribution 
patterns 

The slope angle may vary considerably 
over distances of a few metres, and field-scale 
temperature distribution patterns frequently 
follow these topographic patterns (Dixit, Chen, 
2010). The spatial distribution of the soil and air 
temperature at the field scale may vary 
depending on the slope orientation relative to 
the cardinal points and on the slope angle and 
vegetative cover. In the middle latitudes of the 
Northern Hemisphere, the north slopes of hills 
are a few ºC colder at the same elevation than 
the south slopes because of the different annual 
amounts of sun radiation falling on a unit area 
of the surface. However, another important 

factor determining the temperature of the soil is 
whether the soil is bare or covered with 
vegetation or even with mulch, as this affects 
the amount of insolation that is received. 
However, the quantitative assessment of this 
effect suffers from a lack of experimental data. 
In general, studies have shown that the closer 
the angle of incidence of the Sun's rays comes to 
being perpendicular, the greater will be the 
absorption (e.g.,  Kang et al., 2000), which 
means that a southeasterly inclination is 
warmest in the early spring season, a southerly 
slope during summer season, and a 
southwesterly slope in autumn. This is not the 
case in all locations universally; however, it 
does indicate that slopes vary in their 
desirability depending on the crop that is 
chosen. 

In our experiment, it was found that during 
the first stage of radish growth, the diurnal 
variation under the Agryl cover in both the daily 
average soil and air temperature were the largest 
due to the slope angle than in the later stages. 
However, because the radish canopy covers 
more than 70% of the soil, the dependence 
becomes negligible. Regression analysis by an 
exponential model: S (degree) = exp(a + b*T) 
was used to describe the relationship between 
the slope of the field and the diurnal 
temperature and humidity distribution in 
climatologic terms of measurement: 7 a.m., 2 
p.m. and 9 p.m. local time under Agryl (sandy 
loam soil) from emergence to the beginning 
harvest of spring early radish. The correlation 
coefficient (r2) indicates a negative moderately 
strong relationship (from 0.80 to 0.96) between 
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the angle slope of the positions in the field and 
both the air and soil temperatures (tair and tsoil) 
under the Agryl cover. Therefore, a negative 
correlation is evidence of the general tendency 
that higher values of slope angle (> 5°) are 
associated with small values of air and soil 
temperatures, and, vice versa, small values of 
slope angle (from 0.5° to 2°) are associated with 
higher values of daily tsoil and tair. The 
coefficient of determination (R2) shows that the 
model as fitted explains from 63.0 to 91.3 % of 
the variability in the values of the slope angle of 
the field. In terms of the mean absolute error 
(MAE) as the diagnostic statistic, the model 
shows that the large impact on diurnal 
fluctuations of temperatures had slope angles in 
all climatological terms (MAE = 0.06 to 0.231). 

In natural field conditions with high growth 
areas of vegetables under floating covers, it is 
difficult to create a uniformly spatial 

distribution of air temperature, humidity, and 
soil temperature. The mapping of temperature 
and humidity conditions in dependence on field 
slope angle has important implications for crop 
varieties. This conclusion can be confirmed by 
the obtained maps [Fig. 4]. Radish plants 
covered with Agryl showed an increased heat-
humidity stress condition, which resulted from 
the minimum relative humidity (RH ~20 %) and 
extreme high temperature (tmax ~31.5 °C). The 
reason for the large fluctuations in maximum 
temperatures during the daytime could be due to 
radiation, cloud movement or overcast 
conditions, which may have caused uneven 
temperature variations under the cover. The 
relative air humidity under the cover is an 
important meteorological variable that affects 
the quality of the yield of radish, the surface 
evaporation and the transpiration of the plants. 
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Fig. 4 Distribution of the hourly soil and air temperature and relative air humidity at 2 p.m. local time under 

the Agryl cover (sandy loam soil) from emergence to the beginning of the harvest of spring early radish. 
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This study also presents the results of the 

estimates of parameters of the multiple 
regression model describing the minimum and 
maximum temperatures for the entire growing 
period of radish outside the Agryl cover. The 
regression estimates of the elevation indicate 
that the 10-m elevation range of the hilly field 
was associated with an increase in minimum 
temperature of 0.056 °C and a decrease in 
maximum temperature of up to 0.001 °C. 
However, the estimated elevation was not 
statistical significant (p>0.066). A similar result 
was obtained by Dixit and Chen (2010), who 
concluded that a lower elevation produced a 
lower temperature. The reason for this 
phenomenon could be that after the air cools, it 
becomes heavier and settles in low-lying areas, 
where it causes temperatures to drop. The 
coldest temperatures are generally associated 
with low-lying areas, and differences in 
elevation of only 1 m can allow for cold-air 
drainage down the slopes, causing the formation 
of frost pockets. McCuchan and Fox (1996) 
showed that slope orientation can be even more 
important than elevation in controlling 
temperature. The estimates of slope angles of 
positions in the hilly field had a significant 
impact on both maximum and minimum 
temperatures. A one-degree increase in slope 
may reduce the maximum and minimum 
temperatures at the top, where the slope is 
measured, by 0.9 °C and 1.3 °C, respectively. 
The reduction in minimum temperature at the 
top of areas with a higher slope can be due to 
the crop cover effect and other factors. 
 
Conclusions 

This article presents the results of the first 
study on combined mezoclimatological, 
microclimatological and topographical tools for 
evaluating precision farming in the growth of 
early spring radish crops using Czech climatic 
conditions as an example.  From this study, the 
following can be concluded: 

1) GIS-based methods allowed the 
distinction of microclimatic conditions 
that produce aspect-related patterns of 
the spatial-temporal distribution of basic 

meteorological inputs under Agryl and a 
comparison with environmental patterns. 
The regression estimates of the elevation 
indicate that with the 10-m elevation 
range of the hilly field, an increase in 
minimum temperature by 0.056 °C and a 
decrease in maximum temperature by up 
to 0.001 °C can be observed. A one-
degree increase in slope may reduce the 
maximum and minimum temperature by 
0.9 °C and 1.3 °C, respectively. The 
reduction in minimum temperature at the 
tops of areas with a higher slope could 
be due to the crop cover effect. 

2) The effect of slope on diurnal extreme 
temperatures under and outside the cover 
was more pronounced than that of 
elevation. This study shows significant 
relationship between daily maximum 
and minimum temperatures outside the 
Agryl cover and slope angles.  

3) Accordingly to developed maps, the 
warmest and longest duration of 
sunshine, and the least precipitation 
totals during growing season occurred in 
the middle part of Polabi. Consequently, 
this region may be suitable for cultivated 
thermophile vegetable crops.  

4) If to compare the extreme temperatures 
for two research periods (long-term and 
current climate), it is evident that over 
the past 20 years, there had been an 
increase in both maximum and minimum 
temperatures in the growing season, 
however, minimum temperatures had 
increased more in Polabi. 
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