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In forecasting of water conditions in soil the knowledge of the 
rention curve as well as of hydraulic conductivity and water diffusion 
coefficients is indispensable. Dependence of the above indices on 
mechanical composition, porosity and moisture of soil has been recognized 
relatively well. The specification of parameters significant for the soil 
solution transport processes should take into consideration also soil 
temperature. It is well-known from the literature that the temperature 
changes of upper soil layer can reach 30 К per day, surpassing 
the air tem perature fluctuations.

Most works on temperature dependences of soil water parameters 
concern the tem perature effect on the soil water potential [7, 8, 12, 14]. 
Only few works deal with the soil solution transport processes depending 
on temperature [3, 12].

The aim of the present work was to recognize the effect of tempe
rature on coefficients determining the horizontal water infiltration in 
soil and the water diffusion as well as the possibility of application of 
the capillary model of soil pore structure for explanation of the found 
relationships.

INVESTIGATION METHODS

Laboratory measurements of horizontal infiltration of water in soil 
put into column, the construction of which is presented in Fig. 1, were 
carried out. The column consists of two concentrically situated glass 
cylinders. The space between them 2.5 mm) is filled up with water — 2 
and its circulation and tem perature are regulated by the termostate 
system. Water infiltrates into soil — 1 from the M ariotte’s vessel — 3, 
through a filter with wide pores — 2. The soil tem perature is equal to
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Fig. 1. W ater d istribution in the colum n  
1 — soil, 2 —  w ater, 3 M ariotte’s vessel

the temperature of infiltrating water. The measurements were carried 
out at three temperatures : 12, 26 and 42°C. Soil moisture was measured 
at use of the method of monoenergetic transmission of a beam of gamma 
rays (4). The isotopic apparatus rendered possible also the soil density 
uniformity estimation. The respective calculations have proved that not 
only the mean soil density standardization, but also ensuring uniform 
density of soil (and thus of its porosity) in every cross-section of the 
column, would be indispensable. The incidental filtration coefficient of 
K f for a soil sample consisting of two layers w ith the thickness of Xi 
and x2 and the filtration coefficients of K ± and K2 are (5) :

Kf= K t . K2 (xx+ x 2) / (К, . x 2+ K 2x,) (1)

The analysis of the expression (1) and the Kozenny’s [11] dependence 
prove that uniform soil has higher filtration coefficient than stratified 
soil with identical mean porosity. This consideration enabled to define 
conditions w ith which the soil column prepared for measurements should 
correspond. It has been ascertained that for carrying out the planned 
experiments such packing of soil in the column should be ensured, so 
as the maximum relative deviation of soil density (porosity) from its

A q Ae
mean value in an arbotrarily chosen profile, i.e. —  ---- were less

Qsr
than 2%.

The column was filled up while pouring dry soil in a uniform stream, 
at simultaneous putting column walls into vibration, what enabled to 
get a relatively dense packing of soil particles. The above condition was 
necessary in view of possible sedimentation of looser soil at its contact 
w ith water.

The control of density (porosity) of soil was carried out by means 
of the isotopic apparatus. The following dry soil porosity values were 
obtained: for arable layer (I) : ei =  0.38 cm3 • cm“ 8, for subarable layer
(II): e2= 0.33 cm* cm-3. The measurements were carried out on podzolic 
soil developed from weakly loamy sand taken from two layers : arable 
and subarable one.
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In the first approach the dependence of the boundary wetting cycle 
on tem perature was not taken into consideration and thus the analysis 
of the equation (3) was carried out at its omission. Both superficial 
tension and water viscosity are decreasing w ith the temperature, and

IN V E S T IG A T IO N  R E S U L T S  A N D  T H E IR  IN T E R P R E T A T IO N

Horizontal infiltration measurements resulted in determination of 
the dependence of voluminal moisture 0  on the distance from the x  
column head, the parameters being time t and temperature T, i.e. :

T i0  =  f (x) 7  
tx

Owing to a nondestructive character of radiometric measurements, 
a great number of dependences of this type could be obtained for one 
filling up column.

Basing on these dependences for the temperatures investigated, 
curves of moistening front kinetics, i.e. :

X. t \ T i
x=l  ( x ) e = o

were derived, where : T i—12, 26 and 42°C.
A common feature of the graphs obtained in such a way was that 

higher value of moisture front range corresponded always with higher 
temperature for the same time.

The results obtained were compared with those concluded from the 
theory of flow of liquid in cylindrical capillaries. It follows from this 
theory that the x  menisk range is connected with t time in the equation :

(2)
where :
о — surface tension, 
t? — viscosity of the liquid, 
r — capillary radius,
&g — boundary wetting angle.

For the definite t time the range change accompanying the tempera
ture change is determined by the dependence :
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do drj
thus <0, -==- < 0  however, since the absolute valuesa 1 cil

It follows from the above that the results of pedologie experiments 
are conformable quantitatively with theoretical anticipations concerning 
cylindrical capillary. To estimate, instead, qualitatively the conformity 
of the results obtained with the theory on the basis of moisture front 
kinetics curves, the dependence x = f  (y~t~) has been derived.

In the literature the following dependence analogic to the equation 
(2) is used [10] for description of the relationship between the moisture 
front range in soil at horizontal infiltration of a and the time of t :

where : P — water permeability of soil.
If to assume that the moisture front translocation rate changes in 

soil caused by tem perature changes occur in consequence of superficial 
tension changes and solution viscosity, so the relation

would be for the given soil constant, independent on temperature.
From the graph x = f  (\/£~) the permeability of P (as a tangent of 

the straight line inclination) was determined. While assuming on the 
basis of special measurements that soil filtrate features would be 
representable for the solution, the value of superficial tension and 
viscosity were measured.

It appeared that values of the expression (5) are not constant and 
are increasing with the temperature. Relative differences of this value 
for extreme temperatures am ounted: for arable layer — to 5.8%, for 
subarable layer — to 8.6°/o*. While assuming that capillary phenomena 
would play in this case a decisive role in the solution transport process, 
divergences between the experiment and the theory could be explained 
by boundary wetting angle changes. A decrease of a superficial tension 
value of the solution at a growth of its temperature leads to a decrease 
of the boundary wetting angle, i.e. to a better wettabilizy of the soil 
solid phase. These presumptions have been confirmed by the results 
of physico-chemical investigations of Fox and Zisman [1].

x = P t0-5 (4)

(5)
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The moisture profiles got from the radiometric measurements 
constituted also a basis for determination of the soil water diffusion — 
D (0). For this purpose the method of B r u c e  and К 1 u t e [2] was 
applied. The diffusion coefficient was calculated rom the dependence :

at use of the numerical method. The program worked out enabled the 
interpolation of experimental curve preceding the calculation of values 
cf the equation (6). Calculation results presented in Figs. 2 and 3 
constitute mean for eight reDlications.

Fig. 2. W ater diffusion coefficient of the arable layer for three tem peratures

The above graphs prove that the effect of temperature on the diffus
ion coefficient value is not equal for the whole moisture range. This 
effect was estimated quantitatively while calculating the relative change 
of the D (0) coefficient value corresponding with extreme temperatures 
falling per 1°C. The results are presented in Fig. 4.
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Fig. 3. W aler diffusion coefficient of the subarable soil layer for three tem peratures

*Fig. 4. R elative change of the w ater d iffusion  coeffic ien t of the arable I and 
subarable II layer of podzolic soil developed from  w eakly  loam y sand, correspon

ding w ith  a unit change of the tem perature

C O N C L U S IO N S

The investigations of podzolic soil developed from weakly loamy 
sand have proved as follows :
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— changes of the w ater penetration coefficient accompanying the 
tem perature changes occur in consequence of tem perature relationships 
between surface tension, viscosity of the solution and boundary angle 
of the solid phase moistening,

— for the given moisture higher water diffusion coefficient values 
are correlated w ith higher temperatures,

— the effect of temperature on the water diffusion coefficient value 
depends on soil moisture and is the highest for moistures approximating 
the saturation state.
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WPŁYW TEM PERATURY NA PROCES HORYZONTALNEJ INFILTRACJI
WODY W GLEBIE

Zakład A grofizyki PAN  w Lublinie 

S t r e s z c z e n i e

Zbadano w pływ  tem peratury na w spółczynniki określające horyzontalną in 
filtrację w ody w  glebie i dyfuzję w odną oraz zastosow ano kapilarny m odel bu
dow y porów glebow ych do w ytłum aczenia stw ierdzonych zależności. Przeprow a
dzono pom iary in filtracji horyzontalnej z w ykorzystaniem  m etody gram m a-ab- 
sorpcji w  tem peraturach 12, 26, 42°C dla gleby b ielicow ej w ytw orzonej z piasku  
słabo gliniastego.
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