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Abstract: Changes in the soil temperature conditions are one of the most important components of soil
microclimate and have a considerable impact on changes in soil properties and plant development processes.
In this research, soil temperature and thermal diffusivity values were determined at two different fields which
are grass covered and shaded areas by peach trees. Theoretical soil temperature values obtained from the
solution of thermal conductivity equation were compared to experimental soil temperature values. Field
studies were carried out on a farm field in Turkey, Samsun, Qar~amba County, Yesilirmak neighborhood (36°
43.380' to the East, 41° 13.061" to the North) between August and September, 2011. Mean soil temperatures at
the first experimental field covered by grass at 7:00, 12100, 18100 hours were determined as 19.5°C; 28.4°C;
23.4°C atthe soil surface, 20.2°C; 26.9°C; 23.3°C at 10 cm, 20.7°C; 26.0°C; 23.1°C at 20 cm, 21.1°C; 25.3°C,
22.9°C at 30 cm and 21.4°C; 24.9°C; 22.9°C at 40 cm soil depth, respectively. Mean soil temperatures at the
second experimental field shaded by peach trees at 7:00, 12:00, 18:00 hours were determined as 19.4°C;
24.7°C; 22.5°C atthe soil surface, 20.3°C; 24.5°C; 22.7°C at 10cm, 20.8°C; 24.1°C; 22.6°C at 20 cm, 21.1°C;
23.7°C; 22.4°C at 30 cm and 21.0°C; 23.5°C; 22.2°C at 40 cm soil depth, respectively. Mean thermal
diffusivity in the 1st experimental field from 0to 40 cm soil layer were 0.460 cm.s-1; 0.029 cm. s-1 and 0.167
sm. s-1 at 700, 1200 and 1800 hours, respectively. Mean thermal diffusivity in the 2rdexperimental field from 0
to 40 cm soil layer were 0.234 cm. s-1; 0.115 cm. s-1 and 1.677 cm. s-1at 7:00, 12:00 and 18:00 hours,
respectively. The mean relative errors between the estimated results using the solution of heat conductivity
equation and the experimental temperature measurements were 0.089 at the soil surface and 0.055 at 20 cm soil
depth. Comparison of the experimental temperature measurements to estimated temperature values showed
that the initial unconditional solution of the heat conductivity equation in a short period (< 3 days) gives much
better periodic thermal changes on the soil surface andin soil layers.
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temperatures.
INTRODUCTION
Temperature readings ofeach soil layer char-
acterize the thermal situation ofthe soil. Soil tem-

wind, atmospheric pressure, etc.).
Temperature changes in the soil affect greatly
the carbon (C) and nitrogen (N) mineraliza-

perature is one ofthe mostimportant factors that
affect significantly the soil formation process,
strength of chemical, physical, biochemical and
biological variability, growth and development
ofplants. Furthermore, soil temperature changes
affect moisture level, nitrogen circulation and
thermal and physical properties in soils. The max-
imum crop fertility usually depends on the opti-
mal level ofsoil temperature. Inturn, the soil tem-
perature is influenced by some environmental
factors such as soil properties (bulk density, hu-
midity, a layer of organic substances on the sur-
face, groundwater level, soil color, etc.), topog-
raphy (slope angle, direction, length etc.) and cli-
matic conditions (precipitation, temperature,
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tion of soil, the process of plant vegetation
(Wang et al., 2006; Guntinas et al., 2012;
Krzysztofetal., 2014; Schuttetal., 2014; Guo
et al., 2014). However, soil temperature and
moisture influence the formation and poten-
tial of CO emission in the soil (Lietal., 2013;
Hassan et al.,, 2014). The results of studies
showed that the soil respiration and mineral-
ization of organic substances at different tem-
peratures (15, 20, 25, 30°C) are very sensitive
to temperature increase, that is in case of in-
creasing the soil temperature they are charac-
terized by apositive ratio (Ghee etal., 2013).
Microclimate ofthe soil surface is in con-
stant contact with the soil temperature and hu-
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midity. Therefore, it is one of the main factors
that influence the plant development.
Microclimate controls also the biological pro-
cess (appearance of germs, plant development,
etc.) and hydrological process (penetration, sur-
face flow, erosion etc.) of earth adjacent to the
soil surface. Controlling the soil temperature and
humidity can influence the microclimate of the
soil surface. Due to the fact that the vegetation
cover affects directly the temperature and hu-
midity, it affects the climate aswell. (Flerchinger
and Pierson, 1997). Change in the shadowing
formed by vegetation influences the tempera-
ture, humidity and CO concentration as well as
soil respiration, which, in turn, leads to arestric-
tion ofthermal and hydrological soil characteris-

tics (Tanaka and Hashimoto, 2006).
Change in soil temperature depends on ther-

mal properties of the soil (Arkhangel'skaya and
Umarova 2008) and has agreatimpact on hydro-
physical properties of the earth (Hopmans and
Dane, 1985), water permeability factor (Jaynes,
1990), hydraulic conductivity (Constantz, 1982;
Andry et al., 2009) and the soil formation pro-
cess (Ponomoryov et al., 1984; Ekberli et al.,
2002; Arkhangel'skaya et al., 2005).
Furthermore, soil temperature affects the de-
composition ofplant residues in the soil, forma-
tion of microbial biomass and enzyme activity
(Zibilske and Makus, 2009; Terrence and Hugh,
2011). Also, the formation of soil-water-salt re-
gime depends on daily, seasonal and annual
changes in the soil temperature. For this reason,
the determination of temperature variability of
soil having different soil properties is on the
agenda. Climatic conditions, which cannot be
controlled but can be predicted, are also one of
the main factors that influence the soil tempera-
ture. Meteorological data (Chow etal, 2011) dur-
ing 4 years ofresearch (2006 to 2009) shows that
atadepth 0f0.5-3.0 m the temperature is propor-
tional to the temperature of dry air (the correla-
tion coefficient is 0.869) and interacts slightly
with relative humidity, precipitation, solarradia-
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tion and wind velocity (the correlation coeffi-
cients are 0.223, 0.136, 0.089, 0.033, respec-

tively).
Daily and annual changes in the tempera-

ture ofthe soil surface and its deeper layers are
determined by soil properties and thermal and
physical soil characteristics (thermal
diffusivity, thermal conductivity, heat capac-
ity etc.) (Gulserand Ekberli, 2002; Gulser and
Ekberli, 2004; Ekberli et al., 2005; Ekberli,
2006a, 2006b; Gao et al., 2007; Onder et al.,
2013). As the salt amount increases, thermal
diffusivity of clay loamy soil increases; when
soil moisture increases until 40 %, the differ-
ence between the thermal diffusivity coeffi-
cients of salty and none salty soils decreases,
and when the moisture level reaches 35-40 %,
both coefficients are equal approximately
(Tikhonravova, 2007). The thermal
diffusivity coefficient increases as the parti-
cle density of grey forest soils increases. If a
compaction occurs in a plow layer of soil
tilled by agricultural machinery, the thermal
diffusivity coefficient decreases up to 26 %
soil moisture level, and increases when the
soil moisture exceeds 26 % (Arhangel'skaya,
2004). Tikhonravova and Khitrov (2003) de-
termined that the thermal diffusivity coeffi-
cient in the vertisols had significant multiple
correlations with fine soil fractions, organic
matter, particle density and porosity values
(R2=0.81-0.96 and P=0.95). The soil thermal
diffusivity coefficient has a positive relation
with thermal conductivity and anegative rela-
tion with volumetric heat capacity. When the
thermal diffusivity coefficient is high, daily
and annual heat waves impact much more soil
depths and retardation of temperature to

lower soil layers decreases.
The objective of this study was to deter-

mine the soil temperature and thermal
diffusivity coefficients which depends ontem-
perature readings attwo different fields which
are grass covered and shaded areas by peach



trees in Samsun (Turkey), £ar§amba County, and
to compare experimental temperature readings
with theoretical soil temperature values obtained
from the solution of thermal conductivity equa-
tion.
MATERIAL AND METHODS

Field studies were carried out in Turkey,
Samsun, £ar8amba County, Ye8ilirmak neigh-
borhood in August-September of 2011 on a
farmer's field having the following coordinates:
36° 43.380' to the East, 41° 13.061' to the North.
The altitude of field is « meters above the sea
level. The Region is characterized by warm cli-
mate. The average annual precipitation and tem-
perature in the £ar8amba County are 600-936.9
mm and 15°C, respectively. There is no signifi-
cant temperature difference between summer
and winter seasons because ofthe sea effect. The
soil group in the experimental field is alluvial

greatgroup (Anonymous, 1984).
Field studies were done in two different

fields. The first experimental field was covered
with grass; the second field (peach orchard) was
shaded with peach trees. During the experiment,
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where; A(x)=[T]-amplitude (Hillel, 1982,
1998; Nerpin and Chudnovski,1984; Cichota et
al., 2004; Gulser and Ekberli, 2002, 2004;
Ekberli, 2006a, 2006b, 2010; Gao et al., 2007;
Evettetal., 2012; Arkhangelskaya, 2014).

the temperature readings were taken from soil
surface to 40 cm depth at each 10 cm of soil
profile. Thermometer measurements were re-
corded at 70:00, 12:00 and 18:00 h daily be-
tween August and September, 2011 (Sterling
and Jaskson, 1986). Soil texture of 0-20, 20-
40 cm soil layers in the experimental field
were determined by the “Bouyoucos
Hidrometre” method (Black, 1957;
Demiralay, 1993). Soil pH based on the water-
volume ratio of ... suspension was measured
using a pH meter with a glass electrode
(Bayrakli, 1987) and electrical conductivity
(EC) in the same suspension was measured
using an EC meter (Richards, 1954). Organic
matter in the soil were determined by the
“Walkley-Black” method (Kacar, 1994). The
amount of lime (CaCOQO ) content in the soil
was measured using the Scheibler calcimeter
(Allison and Moodie, 1965). Statistical calcu-
lations were made based onthe software pack-
age MiNiTAB-32.

The equations given below were used to
calculate the theoretical values.
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(diffusion of heat); w=2p/P=[t-i\—angular

frequency; P=[t] -period.
The thermal diffusivity coefficient was
determinedbased onvalues.

(2)

RESULTS AND DISCUSSION
In the firstexperimental field, soil texture

in 0-20 cm and 20-40 cm soil layers were silty
loam (SiL), soils have slightly alkaline reac-
tion, low in organic matter content; none salty
and have a moderate lime content. In the sec-
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ond experimental field, soil texture in.... cm,
and 20-40 cm soil layers were loam (L) and silty
loam (SiL), respectively. Soil in 0-40 cm layer
has slightly alkaline reaction, low in organic mat-
ter content; none salty and has a moderate lime

content.
Temperature measurements at the experi-

mentalfields
Temperature changes at the experimental

fields through soil profile are shown in Figure 1.
Inthe 1st experimental field cowered with grass,
soil temperature readings at 7:00, 12:00, 18:00 h
varied between 16.5-23.0°C, 21.0-34.0°C, 19.5-
26.5°C atthe soil surface, between 18.0-21.5°C,
23.2-30.0°C, 20.0-25.5°C at 10 cm depth, be-
tween 18.5-22.8°C, 23.7-29.0°C, 20.9-26.0°C at
20 cm depth, between 19.0-23.0°C, 22.8-
27.0°C, 20.5-25.5°C at 30 cm depth, between
19.2-24.0°C, 22.7-26.5°C, 20.8-25.0°C at40 cm
depth, respectively. Mean temperatures at 7:00,
12:00, 18:00 h were determined as 19.5°C,
28.4°C, 23.4°C at the soil surface, 20.2°C,
26.9°C, 23.3°C at 10 cm depth, 20.7°C, 26.0°C,
23.1°C at20 cm depth, 21.1°C, 25.3°C, 22.9°C at
30 cm depth, 21.4°C, 24.9°C, 22.9°C at 40 cm
depth, respectively.

In the second experimental field shaded
with peach trees, soil temperature readings at
7:00, 12:00, 18:00 h varied between 16.5-
22.0°C, 19.0-27.5°C, 19.0-24.5°C atthe soil sur-
face, between 18.0-22.5°C, 20.0-25.5°C, 20.0-
24.8°C at 10 cm depth, between 18.5-23.0°C,

20.1-26.0°C, 20.5-24.5°C at 20 cm depth, be-
tween 19.0-23.0°C, 20.5-25.0°C, 20.0-
24.5°C at 30 cm depth, between 19.2-23.0°C,
20.2-25.0°C, 20.0-24.5°C at 40 cm depth, re-
spectively. Mean temperatures at 7:00, 12:00,
18:00 h were determined as 19.4°C, 24.7°C,
22.5°C at the soil surface, 20.3°C, 24.5°C,
22.7°C at 10 cm depth, 20.8°C, 24.1°C,
22.6°C at 20 cm depth, 21.1°C, 23.7°C,
22.4°C at 30 cm depth, 21.0°C, 23.5°C,

22.2°C at40 cm depth, respectively.
High energy entrance from soil surface

causes higher temperature fluctuation at the
surface of soils. In general, temperature vari-
ability in deeper soil layers ofboth fields was
observed in anarrow range, and this variabil-
ity becomes much narrower as the soil depth
increases. The reason for narrow temperature
variability is explained by the factthatthe uni-
formity of soil structure in both fields together
with the other factors (which affect the tem-
perature such as; physical, chemical and bio-
logical processes in soils, climatic condi-
tions), generally balanced thermal regime and
regular soil formation process. When compar-
ing the temperature values ofthe . stwith . nd
experimental field, the reason of the lower
temperature values in second field is the shad-
owing, which affects the process ofsoilwarm-
ing and cooling, as well as plant (peach trees)
root density which had a mechanical influ-
ence onthe soil as aresult ofincreasing poros-

ity.

Surface Soil

—e — 1st Experimental Field

A 2nd Experimental Field

Figure 1 - Temperature in different layers of experimental soils
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m— 1st Experimental Field —a—2nd Experimental Field
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m— 1st Experimental Field —a—2nd Experimental Field
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Figure 1 (continuous) - Temperature in different layers of experimental soils
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m— 1st Experimental Field
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A 2nd Experimental Field

day

Figure 1 (continuous) - Temperature in different layers of experimental soils

Assessment o fthe thermal diffusivity coeffi-

cient
During the study, mean and maximum tem-

peratures measured through soil profile are
given in table 1and 2. The standard errors of the
mean temperatures (0.975-1.176 %) are mini-
mum levels. The mean temperature values from
0 to 40 cm soil depth have no high fluctuations
for both fields. Grass and trees have a clear im-
pact on the amplitude of daily temperature fluc-
tuation and slow down the rate of the total heat
flow from soil surface, then changes in tempera-
ture occurs in anarrow range. However, the maxi-
mum temperature values at the first field are
higher than the second field. Temperature vari-
ability in deeper soil layers of silt-loamy and
loamy textured soils decreases due to the slow
heating and cooling process and increased mois-
ture content. Less temperature differences in
deeper soil layers (at > 30 cm) can be affected by
the factors such as homogeneous soil structure,
less heat penetration and relatively high mois-

ture into deeper layers.
The amplitude and thermal diffusivity val-

ues through the soil profiles ofthe experimental
fields calculated according to A= TmT and equa-
tion (2); the values were given in table 3 and 4.
Amplitude values ofthe 1¢experimental field in
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the measuring times varied from 2.03 to 5.6°C
atthe soil surface and from 0.93 to 3.07°C at>
10 cm depth. In the 2rd experimental field,
these values varied from 1.97 to 2.77°C and
from 1.30 to 2.46°C, respectively. Low tem-
perature fluctuation and mean temperature
values in deeper soil layers of both experi-
mental fields caused significant reduction in
amplitude values. Temperature values at the
deeper soil layers in the . rdfield were lower
than that of the . & field, therefore the ampli-
tude reduction in the . rdfield was higher than

the other field.
Thereason forthe low thermal diffusivity

at....o when compared with the other mea-
surementhours can be explained with the high
temperature values through the soil profile
and the maximum amplitude values at this
time (heat flow is almost stabilized tempo-
rarily). The temperatures in deeper soil layers
have usually the lowestvariability than that of
the soil surface, therefore at differenttimes of
the day, the temperature diffusivity coeffi-
cients atthese layers were much higherthan in
the upper layers (Schachtschabel et al., 2001;
Ekberli et al., 2011). The reason for the low
temperature variability in the . rdfield at 18:00
can be explained by the fact that the cooling



Table 1 Average (T) and maximum (Tr) temperature values ( °C) on the 1st experimental field by the soil profile. (21.08.-19.09.2011)

Depth, 07:00 12:00 18.00
cm
T < V,% P,% Tm T <7 V, % P,% Tm T < V,% P,%
0 19470282 1544 7.929 1448 215 28.40 £0.495 2713  9-552 1-744 340 2341+0.339 1862 7.952 1451
10 20.19 £0.264 1448  7.172 1.310 23.0 26.93 £ 0.312 17 6.352 1.159 300 2326+0.274 1503 6.462 1179
20 20.66 £0.227 1243  6.017 1.099 230 26.03 + 0.262 1.440 6.253 1141 290 23.14+0.252 1383 5.977 1.001
30 21.37 t 0.215 1179 5512 1.007 230 25.25 + 0211 1157 4.582 0.836 280 2294+0222 1217 5305  0.968
40 2137- 0.217 1190 5568  1.017 24-0 24.94 +0.192 1.055  4.230 0772 265 22.86:0.218 1199 ©5o45  0-957
Average  2061+0241 1321 6.440 1176 22.9 26.31 + 0.294 1615 6.194 1130 295 23120.261 1433 6.188 1129
Table 2. Average (T) and maximum (Tm) temperature values (°C) on the 2nd experimental field by the soil profile. (21.08.-19. 39.2011)
Time (hour)
Depth,cm 07:00 12 00 18 00
T cr V,% P,% ™ T a V,% P,% Tm T a V,% P,%
0 19-35 +.254 1.390 7184 1312 22.0 24-73+0-347 1901  7.686 1403 275  22-53t0.268 1472 @533 1192
10 20.26 0251 1372 6771 1236 225 2454 £0.249 1368 5573 1017 270 22720250 1373  6.043 1103
20 20.83 0241 1321  6.342 1158 230 2413+0220 1210 5013 0915 260 22-57+0221 1214 5378 0981
30 2112 0219 1199 5678 1042 230 2370 0.188 1032 4353 0.794 250 22-39%0-226 1242 5547 1012
40 2120+£0.195 1069 5043 0921  23.0 23-47+0-175 0962  4.099 (748 250 22190218 1495  5.384  0.983
Average 2055 +0.232 1270  6.204 1.134 227 2411+0.236 1295 5345 0975 261 22480237 1299 5777 1054
Here: T -average temperature °C inlayers; Tm- maximum temperature °C in layers;
0~ J--——--- — average standard deviation; X' -temperature in layers, °C; f - _ ... -dispersion coefficient, %; P - —p- -error, %;
Ioft-l ‘ [ -jn

n-number ofdays.

Time bowur)

Tm

21.0
26.0
26.0
255
25.0

25-9

Tm

24-5
24.8
24-7
24.6
24-5
24.6



process was fast and excess water leads to in-
crease in the thermal diffusivity coefficient. In
general, the soil temperature diffusivity coeffi-

cient depends on the variability of tempera-
ture and other climatic conditions, vegetation
cover, soil properties (most frequently physi-
cal properties).

Table 3 - Measurement of temperature diffusivity amplitude (A,°C) and thermal diffusivity (a,
cm. s") onthe 1¢experimental field by the soil profile (21.08.-19.09.2011)

Depth, cm
07: 00
A a
0 2.03 0.0000
10 2.81 0.0344
20 2.34 0.7198
30 163 0.6792
40 2.63 0.8672
Average 2.29 0.4601

Table 4 - Measurement oftemperature diffusivit

Time (hour)
12:00 18:00
A a A a
5.60 0.0000 3.59 0.0000
3.07 0.0101 2.74 0.0498
2.97 0.0361 2.86 0.2813
2.75 0.0647 2.56 0.2861
1.56 0.0356 2.14 0.2173
3.19 0.0293 2.78 0.1669

y amplitude (A,°C) and thermal diffusivity (a,

cm.s-l) onthe 1stexperimental field by the soil profile (21.08.-19.09.2011)

Depth, cm Time (hour)
07: 00 12:00 18:00
A a A a A a
0 2.65 0.0000 2.77 0.0000 1.97 0.0000
10 2.24 0.1286 2.46 0.2580 2.08 1.2310
20 2.17 0.3640 1.87 0.0942 2.13 2.3840
30 1.88 0.2776 1.30 0.0572 221 2.4750
40 1.80 0.3887 153 0.1650 2.31 2.2939
Average 2.15 0.2318 1.99 0.1149 2.14 1.6768

Comparison of theoretic and experimental

soil temperature values
Whenusing amodelling method, interms of

evidence of the applicability of this model, one
ofthe mostimportant stages is the comparison of
theoretical and experimental values. In this re-
gard, the experimental soil temperature values of
experimental fields at . and .. cm soil depths
were compared with the theoretical soil tempera-
ture values calculated using the basic thermal
conductivity equation (.) based on the mean
daily temperature between 27.08 and 30.08.2011
at07:00, 12:00 and 18:00. Also, acurve r(i,t)show-
ing continuous changes in theoretical soil tem-
peratures of experimental fields was created.

The results obtained are given in Figures 2 and 3.
As shown in figure 2, measured soil temper-

ature values at the soil surface (» cm) ofthe . st
experimental field varied between .. .., and
30.50°C; and the calculated values varied be-
tween 25.25 and 30.50°C. The mean relative

error (i Tmeasured Tcalculated\/Tcalculated\) between
the measurement and calculated results was
0.089. These measured and calculated tem-
perature values of the . mdexperimental field
varied between 19.50 and 26.00°C, and be-
tween 23.16 and 26.36°C respectively, and the
mean relative error between the measured and
calculated values was 0.088. The vegetation
cover caused a relatively narrow change be-
tween measured and calculated temperature

values inthe . rdexperimental field.
The mean temperature, amplitude, mean

airtemperature (~25°C) during the study have
great impact on temperature variability in the
experimental fields along with other factors
(precipitation, density and distribution, soil
humidity, organic substances, groundwater
level, soil color, inclination angle and direc-
tion, altitude, etc.) (Din? and 8enol 1997).
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- T-measured —— T(O)-curve A T-estimated (1st Experimental Field)

lime, hour

- 1st Experimental Field, T(0,t) curve

Time, hour

- T-measured — T(Ot)-curve [} T-estimated (2nd Experimental Field)

lime, hour

————-2nd Experimental Field, T(0,t) curve

Figure 2 - Comparison ofmeasured and calculated temperature values atadepth of0 cm

T-measured — T(20,t)-curve n T-estimated (1 stExperimental Field)

Time, hour

-1st Experimental Field, T(20,t) curve

22 24

T-measured — T(20)-cuve 4 T-estimated (2nd Experimental Field)

Time, hour

2nd Experimental Field, T(20,1) curve

26

Time, hour

Figure 3 - Comparison of measured and calculated temperature values at a depth of 20 cm

As shown in figure 3, measured and calcu-
lated soil temperatures at.. cm were within the
limits of 21.50-28.00°C and 24.12-26.67°C in
the 1st field, 20.80-26.00°C and 23.49-25.62°C
in the 2rdfield, respectively. The mean relative
errors between the measured and the calculated
values in the 14 and 2rd fields were 0.056 and
0.054, respectively.
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According to these findings, the determi-
nation of periodic temperature fluctuation on
the soil surface and deeper layers can be possi-
ble using the solution of equation (1). To de-
termine this periodic distribution in deeper
soil layers, the main factors different from the
soil surface temperature are the mean temper-
ature value ofaparticular layer, depth and the
thermal diffusivity coefficient. Amplitude



value in each layer is used to determine the soil
temperature in this layer and surface amplitude
and amplitude values in each layer is used to de-
termine the thermal diffusivity at the surface or

in each soil layer separately.
The comparison of theoretical temperature

values to the measured values showed that peri-
odic thermal changes on the soil surfaces and in
soil layers in a short period (< s days) was de-
fined much better with the solution of equation
(1).Application ofthis solution in along time pe-
riod is restricted by the factors such as climatic
conditions (Lei et al., 2011). Generally, bound-
ary conditions cannotbe harmonious all the time
(sinusoidal or cosinusoidal) due to the large vari-
ability of daily heat received to soil surface. For
this reason, this type or other similar studies

cover the studies with heat distribution in dry
or nearly dry soils, parent material or rock,
soils including close boundary conditions and
are limited to the use in natural conditions.
Also, some factors such as the complexity of
the temperature diffusivity process because
ofhigh soil humidity and latent heat emission
during the freezing are impossible to take into
account in the solution (Tihonov and
Samarskiy, 1972; Ekberli et al, 2011).
Furthermore, experimental determination of
thermal conductivity parameters and compar-
ison of these measurements with theoretical

values should be made to improve the theoret-
ical solution.
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PE3IOME
W. 3kbepnn 1 U. Capunap:

NCCNEJOBAHNE USMEHEHWA TEMIMEPATYPbI NMOYBbLI A TEN/JIOBOWN AN®dY3NN
noa TPABAHNCTON PACTUTE/IBHOCTbLIO N B TEHW JEPEBLEB

1YHuBepcuTeT OHAOKy3 Maiinc, (hakynbTeT CeNbCKOro Xo3sicTBa, lenapTamMeHT
NMoYBOBEAEHNA M NUTaHus pacTeHnin, CamcyH, Typuus , iman@omu.edu.tr, Ten :
+903623121919

2MWHNCTEpPCTBO NUTaHNA, CeNbCKOro X035ACTBA U >KNBOTHOBOACTBA, YaplambuHckoe
OKPY>KHOE ynpaBieHune Cenbckoro xo3ancTea, CamcyH, Typums

VI3MeHeHUa B TEMMEPaTypHOM PexKrmMe MoYBbl ABAAKOTCA OAHUM M3 CamblX BaXKHbIX KOMMOHEHTOB
MWUKPOKIMMATA MOYBbI M OKa3blBAOT 3HAUUTENIbHOE B/IMSHME HA W3MEHeHWe CBOWCTB MOYBbl U PasBMTUe
pacTeHuii. B 3Tom uccnefoBaHuu, TeMneparypa noYBbl U 3HAYEHWS TEMO0NPOBOLHOCTY OMpeaensMch Ha
[BYX PasfMyYHbIX MONAX, KOTOpble MOKPbITbl TPABOW, M 3aTEMHEHHbIX Y4acTKaxX MOf MepCUKOBbIMM
[iepesbsiMU.

TeopeTnyeckne 3HavyeHUs TemmnepaTypbl MOYBbI, MOMYYEHHbIE W3 pelleHUs ypaBHeHUs
TEennonpoBOAHOCTY CPaBHUAM C 3KCMNEPUMEHTANbHLIMW 3HaYeHMAMY TeMnepaTypbl Moysbl. [lonesble
vccefoBaHVA NPOBOAMMCH Ha none (epmbl B Typumn, CaMcyH, okpyr YapLuam6ba, Ecunnpmakckom parioHe
(36 ° 43,380" k BOCTOKY, 41° 13,061' K ceBepy) B Mepuog C aBrycra no ceHTs6pb 2011 roga. CpegHsis
TemnepaTypa No4Bbl Ha NMepBOM 3KCMEPUMEHTabHOM NOfe, MOKPLITOM Tpasoii, B 7:00, 12:00, 18:00 yacos
6binn onpefeneHsl Kak 19,5° C; 28,4° C; 23,4 ° C Ha nosepxHocTu noussl, 20,2° C; 26,9° C; 23,3° C Ha
rnyéuxe 10cwm, 20,7° C; 26,0° C; 23,1° CHa 20 cm, 21,1° C; 25,3° C, 22,9° C Harny6uHe 30 cM 1 21,4° C; 24,9°
C; 22,9° C npm rny6mHe noussl 40 cM, COOTBETCTBEHHO. CpefHss TemnepaTypa no4Bbl HA BTOPOM OMbITHOM
nose B TEHW NepcuKoBbIX fdepeBbeB B 7:00, 12:00, 18:00 yacos 6buia 19,4° C; 24,7° C; 22,5° C Ha
noBepXxHOCTYM NouBsbl, 20,3 ° C; 24,5° C; 22,7° CHarny6uHe 10cm, 20,8° C; 24,1° C; 22,6° C Ha rny6uHe 20 cm,
21,1° C; 23,7° C; 22,4° CHa 30 cm 1 21,0° C; 23,5° C; 22,2° C Ha rny6uHe noysbl 40 CM, COOTBETCTBEHHO.
CpefHas NpoBOAUMOCTb TeMMepaTypbl Ha 1-M OnbITHOM Nosie B cnoe noysbl oT 040 40 cm 6b1na 0.460 cm. s,
0.029 cm: .1 0.167 sm. s. B 700, 1200 1 1800 4acos cOOTBETCTBEHHO. CpefHAA NPOBOAUMOCTbL TeMnepaTypbl
Ha 2-M OrbITHOM Nosie B NoYBeHHOM c/ioe 0T 040 40 cm 6b1n1a 0.234 cm. s 0.115 cm. s: 1 1.677 cm. s: B 7:00,
12:00 n 18:00 vacoB cooTBeTCTBeHHO. CpefHVe OTHOCUTESIbHblE MOTPELLHOCTU MEXAY PpacyeTHbIMU
pesynbTataMu C  UCMOSIb30BAHUEM PELLEeHUS YpaBHEHWS TEMI0MPOBOAHOCTU W 3KCMEPUMEHTaIbHLIMU
n3MepeHnamMM Temnepatypbl 6binm 0,089 Ha nosepxHocTu noysbl M 0,055 Ha rny6uHe nousbl 20 cwm.
CpaBHeHMe 3KCMepUMEHTaNIbHbIX M3MEPEeHUI TeMmepaTypbl C  PacHeTHbIMW 3HAYEHVAMU TemnepaTypbl
MOKas3an, YTO MUCXOAHOe abCOMKOTHOE peLLUeHME YpaBHEHWS TEMONPOBOLHOCTY B TeyYeHWe KOPOTKOro
nepuoga (< 3 gHA) AaeT ropasso nyudilme nepuoguyeckue Tensosble N3MEeHeHNs Ha NOBEPXHOCTY MOYBbI U B
C/I05X MOYBBI.

Kniouesble cnosa: Temneparypa roysbl, TEMMEPaTypOnpPOBOAHOCTL, YPaBHEHUA TEMNOMPOBOAHOCTH,
M3MepeHHbIe U pacyeTHble TeMMeparypbl

TYWIH
W. 3kbepnn 1 N. Capunap:
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ATALLI KONEUKEC1 ACTbIHAATBI TOMbIPAN TEMIMEPATYPACHI MEH WWOMTEM XblNY
ANODY3INACBIHbLL, 03MEP1C1H 3EPTTEY

10HAoKy3Maiinc yHuBepcuTeTI, ayblawapyalbiabll hakynbTeTr, TonbipayTaHy >KaHe
BC\MA\kTepal uopekTeHaipy genapTameHTi, CamcyH, Typkus, iman@ omu.edu.tr,
Ten : +903623121919

2TaramTaHy, aybl/i lUapyawbiibiTbl YX3He Ma Wapyawbiibirbl MUHUCTPAT, YapwamM6ruHck
ayblnwapyauwsbinbirbl aiiMayThil 6acyapuackl, CaMcyH, Typkus

TonblpakTbiv TeMMepaTypasibLL, peXXIiMiHAEr i e3reproTep TOMbIPaK MUKPOKNMMATbIHAArbI eil MaLbI3abl

KOMMNOHEHTTepALL 6ipi )xaHe TOMbIpakK KaCMeTTepLLULL B3repyiHe XXaHe BCIMAIKTep4in faMyblHa aliTapblKTai
bIKNan etefi. BN 3epTTeyge TonbIpak TemMnepaTypachl MeH XblTy BTKI3FiLUTiK M3LW LUEMNNeH KBMKEPinreH
XK3He LWabfa/bl aralbl acTbiHAArbl Keneike epaeri eki TYpni asikanta aHbikTangbl. XXbuUty eTKI3riwTiK
Tenjeywiu, lWewiMiMeH anbiHraH TOMNbIpak TEMMepPaTypacbiHbIM TEOPUANBIK M3HI TOMbipak
TeMnepaTypacbiHbIV SKCNEePUMEHTaAbIK MILLIMEH Ca/IbICTbIPbIAbI.
AnkanTarbl 3epTTeynep TYpkus, CamcyH, Yapiamba okpyri, Ecunnpmak aypaHbiHaarbl (36 ° 43,380
LbIrbICKa kapaid, 41° 13,061 conTYCTikke kpapaii) hepmanapabiv encmxrepige 2011 Xbingsivi TaMbi3bl MeH
Kblpien apanbirbiHga eTkisingi. BipiHWwi TaHKipnbenik ankantarbl WeENMNeH KeMKePLUreH TOMbIPaKTbin
opTaLla TeMmneparypacsl carat 7:00, 12:00, 18:00- ge TonblpakTbin 6eTto KabaTbiHAa 19,5° C; 28,4° C; 23,4 °
C, an 10 cm TepesawTe 20,2° C; 26,9° C; 23,3° C, 20 cm TepeBawte 20,7° C; 26,0° C; 23,1° C, 30 cm
TepeBgTe 21,1° C; 25,3° C, 22,9° C, 40 cm TepeBgte 21,4° C; 24,9° C; 22,9° C 60nbin aiiKbiHAANAbI.
ExiHwWi Tawpnbenx ankanTta wabfanbl arawbiHbLL KenelKecLwgen TonbIpakTbil, opTalla TemMmnepaTypachl
carart 7:00, 12:00, 18:00- ge Tonbipak 6eTwge 19,4° C; 24,7° C; 22,5° C, 10 cm TepeBpkre 20,3 ° C; 24,5° C;
22,7° C, 20 cm Tepesgwite 20,8° C; 24,1° C; 22,6° C, 30 cm Tepesgwre 21,1° C; 23,7° C; 22,4° C, 40 cm
Tepesxre 21,0° C; 23,5° C; 22,2° C 60/bIM aHbIKTaNAbI.

BipiHLWi Taxipnbenik ankanTarsl 0-geH 40 cM apanbIrbiHAArbl TONbIPak KabaTbiHAA TeMMNepaTypaHbIv

opTawaeTo3nwTT carar 7:00, 12:00 n 18:00-ge 0.460 cm. s-1 0.029 cm. s: 1 0.167 sm. s. 60n4bl. EKiHLi
Taxipnbenik ankanTa 0-aeH 40 cM felin Tonbipak KabaTblHAa OpTaLla TeMmepaTypa eTo3nwTw carar 7:00,
12:00>k3He 18:00 0.234 cm.s-1 0.115 cm.s.. )k3He 1.677 cm.s.. 6 60n4bl.
Kby eTHo3nWTW Temgeyi WewwiMiH nainganaHy XsHe TemneparypaHbl TOHKIpUGenik enweyin ecenTik
KOpPbITbIHABIAPLI apackiHAarbl opTaLla A3Ci3AiK TonbIpakTbiv 6eTto kabaTbiHAa 0,089, an 20 cm TepenaTe
0,055 6ongbl. TemnepaTypaHbiv TILWPUOEK eNLleMaepLl TemmepaTypaHbiv eCENTIK M3HIMEH CabICTbIPY
6apbICbl KepceTKeHAEN, Kbicka kesen wiwae (< 3 KYH) Xbiny eTH3MNWTX TenaeyiH 6actankbl abConoTTiK
LLeLLy TOMbIpak 6eTLAe XX3He ToNbIpak KabaTTapbliHAAr bl MeP3iMAIKKbIY e3repicTepiH XaKCbl KepceTesi.

KinTTi cB3gep: Tonbipak Temreparypacbl, Temneparypa eTHO3MNLTX, XblUTy eTH3NWTLW Tenaeyi,
efieMAiK XX3He ecenTLL TeMnepaTypa
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