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Abstract: The soil is a natural medium formed on the Earth’s surface. The pedogenic factors have an influence
on structure, composition and properties of the soil. As an open system the soil has continuous transfer of energy and
matter from the atmosphere. In this research, the temperature and moisture of the agricultural soil from southern slope
of the mountain of Skopska Crna Gora were monitored. The measurements of the soil parameters were realized at
different periods of the day (8, 11, 14, and 17 h) at various soil depths (0, 5, 10, 15, and 20 c¢m). In addition, the
atmospheric parameters were monitored as well. The soil was characterized by X-ray, mineralogical, granulometric
and physico-chemical analysis. Consequently, the impact of the atmospheric conditions upon the soil parameters was
studied, in correlation with structure, composition and properties of the soil.
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CUMYJITAH MOHUTOPUHI' HA HEKOU ITAPAMETPHU HA IIOYBATA
O MUKPOJIOKAJIMTET BO BJIN3NHA HA CKOIICKATA KOTHHA

A mncTpacx T I[louBara e mpupoaeH meauyM QGopmupaH Ha MmoBpuIMHaTa Ha 3emjarta. [lemorenure paxkropu
MMaaT BIIMjaHHe Ha CTPYKTypaTa, COCTaBOT U OCOOMHUTE Ha MoyBaTa. Kako OTBOpEH cHCTeM, HouBaTa Ma KOHTHHYH-
paH TpaHcdep Ha eHeprHja 1 MaTepuja o aTMocdepara. Bo oBa ucTpakyBame, € HallpaBeH MOHUTOPHHT Ha TeMIlepa-
TypaTa ¥ Blarata Ha 3eMjOJIeJICKa TI04YBa o1 jy)xHuTe maauau on Ckorcka Lpra I'opa. Mepema Ha TeMneparypara u
BJI&)KHOCTA CE pPeaar3upaHy BO pa3inudHo Bpeme of aeHoT (8, 11, 14 u 17 h) na pasnuysu A7ab0YMHN BO MOYBaTa HA
(0, 5, 10, 15 u 20 cm). HanpaBeH € MOHUTOPHHT U Ha aTMOC(EPCKUTE MapaMeTpH. 3a KapakTepu3alyja Ha IoYBara Ha
MPUMEPOLIUTE 3eMEHH 32 aHAIIM3a CE HAIIPABEHN MUHEPAJIOIIKA, PeHATCHO-CTPYKTYPHA, TpaHyIOMETpUCKa 1 DHU3HYKO-
XeMHucKa aHanmm3a. CIeACTBEHO € UCTPaXyBaHO BIMjaHUETO HAa aTMOC(HEPCKHUTE YCIOBH BP3 U3MEPEHUTE NTapaMeTpH Ha

I0YBaTa, BO KOpenalyja co CTPYKTypaTa, COCTaBOT U OCOOMHUTE Ha MOYBaTa.

Kayunu 360poBH: nouBa; KapakTepH3alija; TeMIepaTypa; BIaKHOCT; aTMOCHEPCKH YCIIOBH

1. INTRODUCTION

The soil is a three-dimensional medium, in the
form of a loose layer on the surface of the Earth. The
condition of the soil is not permanent, and changes
over time under the influence of various pedoge-
netic factors such as water, air, climate, geological
substrate, living and dead organisms, etc. [1]. The
soil structure is defined by the arrangement of the
soil aggregates and the pores located between them
[2]. Aggregation is the result of the interaction of
soil grains through rearrangement, flocculation and

cementation. Water and air occupy the free spaces
between aggregates, creating a network of pores that
allow water to move through the soil [3-6]. Various
soil types have different characteristics [7, 8].

The soil is in dynamic balance. It is an uninsu-
lated open system that is continuously in interaction
with the environment. There is an exchange of en-
ergy and matter. The thermal exchange causes
changes in the soil temperature. The intensity of
temperature changes due to thermal conductivity
depends on the depth of the soil [9-11]. The tem-
perature changes in the deeper layers have a smaller


https://doi.org/10.55302/MESJ22401650053c

54 A. Cankulovska, T. Siskova, B. Boskovski, S. Bogoevski

amplitude compared to the changes in the surface
layers. Temperature and moisture changes due to
the influence of the atmospheric conditions on the
soil can be daily and seasonal. Therefore, atmos-
pheric conditions should be taken into a considera-
tion for planning of the agricultural activity [12-14].

- .

Fig. 1. Geographical location of the microlocality — satellite map

The examinations were realized in late autumn
when the agricultural activities were finalized, five
days after constant low-intensity rainfall. The ter-
rain is sloping, and the measurements were realized
with attention, excluding the possibility of horizon-
tal translocation of water in the soil. Therefore, 3
measuring points (1, 2 and 3) have been defined, in
order to reduce the probability of false analysis. The
top soil horizon is homogeneous as a consequence
of several mechanical cultivations according to ap-
propriate agricultural activities (Figure 2.).

Fig. 2. Examination spot with three measuring points

2. MATERIALS AND METHODS

The microlocality is located in the northeastern
part of the Skopje Valley, 14 km away from the city
center, near the village Ljubanci on the southern
slope of the mountain of Skopska Crna Gora (Figure
1).

2

The soil temperature was measured on a ther-
mometer type TECPEL DTM-3102 (Figure 3.).

The soil moisture was measured on a moisture
meter type PMS-714 (Figure 4.).

Fig. 3. Measurement of the soil temperature
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Fig. 4. Measurement of the soil moisture

The soil parameters were measured in 3 points
at different times of the day (8, 11, 14, 17 h), at var-
ious soil depths (0, 5, 10, 15, 20 cm). Also, on a me-
teorological station type BAL-WS100 the atmos-
pheric parameters were measured: atmospheric tem-
perature, atmospheric humidity and wind speed.

Therefore, it is crucial to characterize the soil
[15, 16]. Granulometric composition of the soil was
defined applying a wet sieve analysis [17]. A set of
standard sieves with a perforation size of 0.125 mm,
0.100 mm, 0.071 mm, 0.050 mm, and 0.032 mm
were used. The existing minerals in the soil have
been identified on DRON X-ray diffractometer (20

=2 — 60°% UA = 38 kV; IA = 18 mA; 1%min.;
CuKa/Ni) [18]. The mineralogical-petrographic ex-
amination was performed on the SM-POL Leitz-
Wetzlar microscope. The soluble carbonates were
quantified using the standard method for soluble
carbonates, by dissolving the soil sample with HCI
acid. The basic physical properties as specific mass,
bulk density and porosity were also, determined [19,
20].

3. RESULTS AND DISCUSSION

XRD on Figure 5 detected the minerals con-
tained in the soil. The soil contains large quantities
of calcite (limestone) and quartz. It also contains
clay and feldspar. In minor quantities the soil con-
tains clinochlore and gypsum.

The chemical composition of the coarse frac-
tion of grains (+0.125 mm) was determined by sili-
cate chemical analysis. The results are presented in
Table 1.

The sum of the chemical analysis is 99.34%,
while the remaining 0.66% are other micro-ele-
ments.

In Table 2 the mass contents of various dimen-
sional fractions of grains in the soil are presented.

In the soil, the fine fraction of grains (-0.032
mm), with over 44.48 % is dominant. The other
fractions have a minimal content, with exception of
the coarse fraction (+0.125 mm) with a content of
30.34 %. From the curve on Figure 6 three dominant
Zones can be detected.

ol G CcCl

Q- quartz

C - calcite

A - albite

M - muscovite
G - gypsum

CCl - clinochlore

Fig. 5. XRD of the soil
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Table 1 Table 2

Chemical composition of the coarse fraction Granulometric composition of the soil
of grains (+0.125 mm), (mass %)

Dimensional fraction of grain Mass
SiO2 36.59 (mm (%)
Al203 7.63 +0.125 30.34
Fe203 3.89 —0.125 +0.100 5.10
CaOo 24.09 —0.1+0.071 9.56
MgO 2.84 — 0.071 +0.050 6.24
Na20 0.44 —0.050 +0.032 3.96
K20 0.98 -0.032 44.48
50 0.72 s 100.00
L.w 22.16
b 99.34
50
g 40 -
»
o 30 4
=
20 -
10 -
0 r v v r 3
+0,125 mm +0,125+0,1 mm 0,1 +0,071 mm 0,071 +0,050 mm -0,050 +0,032 mm -0,032mm

Dimensional fraction of grains (mm)

Fig. 6. Mass contents of various dimensional fractions of grains in the soil

The first zone is in the range above 100 um,
dominantly containing secondary, still stable com-
plex agglomerates (red arrow), as well as minimal
guantities of homogeneous grains (Figure 7.). The
second zone is in the range of 30 — 100 pum, contain-
ing primary aggregates (yellow arrow) with similar
mineral composition as the agglomerates (second-
ary aggregates). They are stable in the water suspen-
sion as homogeneous grains, even though they have
a heterogeneous composition. The third zone is in
the range below 30 pum, dominantly containing
grains of clay, with originally fine dimensions. It
also, contains fine grains of the softer existing min-
erals as calcite.

Fig.7. Microscope image of fraction of grains (+0.125 mm)
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The dimensional fraction of grains (+0.125
mm) from the wet sieve classification has a domi-
nant content of brown grains, usually aggregated
with an irregular shape. They were treated with HCI
acid (10%) and had an intensive reaction. After the
treatment white transparent grains of quartz were
identified (Figure 8.). Aggregated calcite grains
coated with clay have been identified, as well as
black grains with irregular shape, probably of bio-
genic origin from the root veins. Other mineral ad-
mixtures are in minor quantities. The quantity of
limestone in the soil is determined by the standard
method for soluble carbonates, with a value of
33.05%.

Fig. 8. Microscope image of fraction of grains (+0.125 mm),
after treatment with HCI acid (10%)

The basic physical parameters of the soil were
also determined. The specific mass of the soil was
determined on a pycnometer, and it was y = 2.695
g/cm®. The bulk density was determined using a
graduated laboratory beaker. The value of the bulk
density of the soil (with 14% natural moisture con-
tent of the sample) at loose state is approximately
1.152 kg/dm?®, and at relatively compacted state is
1.580 kg/dm?. The soil porosity varies in a wide ran-
ge, depending on the current conditions such as
agricultural mechanical cultivation, period of the
year, atmospheric parameters, etc. The calculated
porosity values of the soil at loose state (simulation
of the soil state immediately after agricultural me-
chanical cultivation, Figure 9.) and at the relatively
compacted state (simulation of the soil state after a
long period without agricultural activity, Figure
10.), vary from 62% to 50.5%.
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Fig. 10. Soil at relatively compact state

The above-mentioned parameters have an im-
pact on macro, meso- and microporosity of the soil.
Therefore, micropores dominate at the primary ag-
gregates, mesopores dominate at the secondary ag-
gregates, and macropores are the interspaces be-
tween the aggregates. These soil parameters have a
dominant impact on the thermal conductivity, and
the water conductivity in correlation with the soil
depth and the daily and seasonal period.

In Table 3, average values of the soil tempe-
rature for the 3 measuring points (1, 2 and 3) at dif-
ferent times of the day (8, 11, 14 and 17 h), and at
various soil depths (0, 5, 10, 15 and 20 c¢cm) are
presented.
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Table 3

Soil temperature (°C) measured at different times
of the day and at various soil depths

Soil depth Times of the day
(cm) 8h 11h 14 h 17h
0 4.5 13.0 174 11.8
5 51 10.6 147 12.6
10 7.5 94 125 121
15 7.9 9.6 12.3 11.8
20 8.9 9.6 11.6 115

The curves of the soil temperature on Figure
11, pointed the impact of the soil structure on ther-
mal conductivity. The soil surface temperature at 8
h has a lower value than the atmospheric tempera-
ture due to the inertia of the cold night. During the
day there is an increase of the temperature of the soil

surface as a consequence of the increase of the at-
mospheric temperature. At the maximum value of
the daily atmospheric temperature, the soil temper-
ature has a higher value, due to additional direct ex-
posure to the solar radiation. The high degree of
thermal absorption is primarily caused by the dark
brown color of the soil. Deeper in the soil profile
this regularity is maintained, but the phenomenon of
convergence of the soil temperature values to a con-
stant value is noticeable, in a state where daily var-
iations in atmospheric temperature no longer affect
soil temperature. This phenomenon is characteristic
of the specific atmospheric conditions. At different
(more extreme: summer or winter) weather condi-
tions, this regularity is also, maintained, and only
the value for the convergent temperature and the soil
depth will be varying.

In Table 4 average values of the soil moisture
for the 3 measuring points at different times of the
day and at various soil depths are presented.

20 -
------------------------------------------------------------------------------ at8h
o 151 at11h
w at 14h
'":l_: at17h
é 10 o -====atm T at 8h
u atm Tat 11h
2 S vt atm T at 14h
o5 atm Tat 17h
0o
W
0 T T T 1
0 5 10 15 20
SOIL DEPTH (cm)
Fig. 11. Soil temperature for various soil depths at different times of the day
Table 4 The curves of the soil moisture have several

Soil moisture (%) at different times of the day
and at various soil depths

Times of the day

sefleEgin 8h 11h 14h 17h
0cm 8.9 8.2 8.6 9.0
5 cm 158 118 136 12.1
10 cm 20.7 16.2 138 155
15 cm 211 195 188 195
20 ¢m 22.7 23.1 226 235

phenomena (Figure 12.). The moisture of the soil at
the surface has a minimum value at all periods of
the day because the evaporation is highly intense in
contact with the atmospheric air, and the soil poro-
sity is the highest. Deeper into the soil profile, the
porosity decreases as a consequence of depth com-
pression, due to the increased mass of the soil
column. The soil porosity decreases, reducing the
dimension of the pores. Therefore, the capillary
water exchange is intense even in the deeper layers
of the soil, which constantly contains a larger quan-
tity of water, deposited by rain precipitation 5-6
days before the measurements.
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Fig. 12. Soil moisture (%) for various soil depths at different times of the day

As the atmospheric temperature increases, the
intensity of the increased soil moisture decreases,
even at 10 cm of soil depth. Later in the day (at 17
h) the atmospheric temperature decreases, balanc-
ing the soil moisture. This is a consequence of the
reduced evaporation of the surface layers, and the
capillary transfer of water from the deeper layers.
Therefore, the soil moisture at depth of 20 cm has

30

25 |

SOIL MOISTURE (%)

at 8h at11h

an almost constant value of 22.6 — 23.5 % (Figure
13.). Even at the maximum daily temperature, there
is still no balance between the evaporation and ca-
pillary transfer of water from the deeper layers.
There is an uniform distribution of the soil moisture
at 14 h. The uniform distribution of the soil moisture
follows in the later period of the day, at 17 h.

SOIL DEPTH

m0cm
|5 cm
@10 em
m15cm
D20 cm

at14h at17h
MEASURMENT TIME (h)

Fig. 13. Histogram of soil moisture (%) for various soil depths at different times of the day

The above-mentioned phenomena are in corre-
lation with the soil structure and the atmospheric
conditions. The measurements of the soil parame-
ters were realized in the conditions of calm atmos-
phere, with all-day wind speed values of 1-2 m /s.
The wind speed has a significant impact on the
evaporation from the soil surface. The soil, due to
the morphological characteristics has a high value
of the contact surface with atmospheric air. There-
fore, the wind has a minimal impact on the meas-
ured parameters of the temperature and moisture of
the soil.
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4. CONCLUSION

The aim of this research was to define the im-
pact of the atmospheric conditions on the parame-
ters of the agricultural soil from microlocality in the
Skopje Valley, located on the southern slope of the
mountain of Skopska Crna Gora. Therefore, the soil
temperature and moisture were monitored.

Initially, the soil was characterized. The XRD
identified calcite (limestone) and quartz as domi-
nant minerals, and clay, feldspars, clinochlore, gyp-



60 A. Cankulovska, T. Siskova, B. Boskovski, S. Bogoevski

sum as admixtures. The granulometric analysis de-
termined three dominant dimensional fractions of
grains: above 100 pm, in the range of 30-100 pm,
and below 30 um. In the finest dimensional fraction
clay grains are dominant, as well and fine limestone
grains. In the medium dimensional fraction, the pri-
mary aggregates are dominant. They contain clay,
limestone and quartz. Also, in the coarse fraction
secondary aggregates (agglomerates) with a similar
composition are dominant. The specific mass of the
soil is 2.695 g/cm?. The bulk density has value of
1.152 kg/dm?® and 1.580 kg/dm?, at loose and at
compacted state. The soil porosity is in the range of
50-65%.

The soil temperature and the soil moisture
were measured at different periods of the day (8, 11,
14, 17 h), and at various soil depths (0, 5, 10, 15, 20
cm). The atmospheric parameters: atmospheric tem-
perature, atmospheric humidity and wind speed
were monitored as well. The measurements were re-
alized at conditions of calm atmosphere, 5-6 days
after an intensive rain precipitation. The soil param-
eters are influenced by the soil’s properties and are
correlated with the atmospheric conditions. The
mechanism and kinetics of the temperature and
moisture equalization in the soil profile have been
defined. All data and conclusions from this research
can be applied at specific soil and specific atmos-
pheric conditions in planning of the irrigation re-
gime by the agricultural activities.
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