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The results of field experiments conducted on the medium-loamy agro
soddy-podzolic soil showed that in the presence of the hydraulic head of
water at the soil surface the water is moving predominantly through mi-
gration ways, thus decreasing the hydro-depositary properties of soils.
The water movement was studied by a special method performed in two
soil monoliths identical in size (42 cm in diameter and 60 cm high). The
monolith walls were covered by a film, foamed and buried to avoid the
lateral water loss. The monoliths were simultaneously saturated with wa-
ter: one of them — with the constant head of water in 5 cm, the other
monolith - with fine-dispersed sprinkler without the formation of the wa-
ter layer at the soil surface. The objectives of this study were to simulate
the water movement under conditions of small headed infiltration and
without head of water as well as to compare the calculated and experi-
mental data with the view of assessing the most adequate experimental
material - the main hydro-physical characteristics obtained experimen-
tally by empiric methods or those calculated by hydrological constants
and soil properties (pedo-transmitting functions). It seemed reasonable
to conclude that the use of regional pedo-transmitting functions provides
better results as compared to main hydrophysical characteristics, the lat-
ter being obtained by tensiometers and capillarimeters are better than the
pedo-transmitting functions used the particle-size distribution as a pre-
diction in Agrotool program (ROSETTA database) and pedo-transmit-
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ting functions on the basis of Voronin’s “secant”
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INTRODUCTION

The soil performs the most important depositary function in global
cycle of water. Just thanks to the water retention capacity of soil the ma-
jor part of water doesn’t flow into the catchment area; being filtered
through the soil cover it remains in soil. The soil forces by different na-
ture (capillary, adsorption, osmotic, etc.) retain the water, thus forming
the soil moisture storage vital for plants, microorganisms, terrestrial and
soil biota on the whole. This depositary hydrological role of soil and soil
cover is a basis of the production function, biosphere functions capable
to create and maintain the biodiversity, to conserve the wealth of biosys-
tems and the health of population as well as many other functions, the
performance of which is possible only due to the definite moisture stor-
age.

How is formed and discharged this moisture storage in soil and
how does it contribute to the agricultural produce? This question has be-
come very acute long ago. For today, there are several approaches to the
study of the problem relating to the formation and discharge of deposi-
tary soil moisture storage. At the current stage of the world science de-
velopment two trends are used in studying the water-holding and water-
conducting properties of the soil cover with the view of optimizing the
water nutrition for plants. The first trend is based upon the study of water
retention function as the main hydrophysical soil characteristic and the
water conductivity function. The other approach involves the experi-
mental determination of soil-hydrological constants — characteristics of
the moisture status in soil to create the conditions for water supply of
plants. This approach is based on field studies of such important soil-
hydrological constants as the minimum field capacity, wilting moisture,
infiltration coefficient. At present, the study of hydro-depositary and hy-
dro-transmitting functions as a base for governing the soil hydrology is
mainly associated with simulation of the moisture movement in soil as
the main soil hydrophysical characteristic. However, the preliminary
forecasting calculations are required for mathematical models. The sim-
ulation procedure is obligatory now in recording the pesticides, forecast-
ing the floods, elaborating the systems of municipal and agricultural wa-
ter supply and efficient use of the water resources. It is rather difficult to
apply mathematical physically-grounded models if they are not provided
with adequate experimental data about the hydrophysical soil properties.
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In view of this, the experimental material obtained to provide such mod-
els is a problem of today. As experimental materials the hydro-physical
properties of soils and the major hydrological characteristics of the wa-
ter-holding and water-conducting functions in particular are used. The
modern soil physics reveals a diverse set of methods to determine the
main hydro-physical soil characteristics and the pedo-transmitting func-
tion. The task of every researcher is only to find the most adequate
method for obtaining the experimental material to provide the forecast-
ing models.

The aim of this study is to give a comparative assessment of ex-
perimental and calculated dynamic data about the soil moisture under
conditions of small headed infiltration and without head of water and
to use the method as themost suitable to provide the model HYDRUS
ID with experimental materials.

Throughout the research process the following activities have
been undertaken to solve the objectives of the present study:

— Field experiment with the view of studying the dynamics of the
soil moisture under conditions of small headed infiltration and without
head of water and the consequent evaporation under field conditions;

— Description of the water transfer process by using the physi-
cally-grounded HYDRUS model;

— Analysis of errors in modeling and substantiating the optimal
way to determine the soil hydrophysical properties for forecasting math-
ematical models.

OBJECTS AND METHODS

The object of research is an agro soddy-podzolic soil at the terri-
tory of Zelenogradsky experimental station of the V.V. Dokuchaev Soil
Science Institute (Pushkinsky district in the Moscow region). Some
physical properties of this soil are presented in Table 1.

In 2010 and 2013 the field experiments permitted to study the wa-
ter movement by using a special method with soil monoliths. According
to the experiment scheme two soil monoliths identical in size (42 cm in
diameter) have been prepared. The monolith walls were covered by a
film, foamed and buried into the soil to avoid the lateral water and heat
loss. This method allowed creating the conditions for vertical water
movement throughout the soil profile.
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Table 1. Physical properties of agro soddy-podzolic soil (Zelenogradsky exper-
imental station of the V.V. Dokuchaev Soil Science Institute in the Moscow

region)

Depth, |Particle size distribution, %| Bulk | Minimum | Infiltration |C org,
cm from soil sample mass |density,| field ca- |coefficient| %
<0.002| 0.002— | >0.05 | cm® | pacity,% | cm/24

0.05 hours
0-5 | 1050 | 84.78 | 472 | 137 31.1 21.6 1.23
5-10 | 10.79 | 86.27 294 | 1.36 27.4 21.6 1.18
10-20 | 11.39 | 87.70 091 | 134 26.5 21.6 1.26
20-30 | 11.13 | 87.49 1.38 | 1.49 24.2 21.6 1.00
3040 | 10.99 | 86.61 240 | 1.52 21.3 12 0.23
40-50 | 10.03 | 8544 | 453 | 155 23.7 12 0.18
50-60 | 10.37 | 86.48 3.15 | 1.56 24.3 12 0.14

The monoliths were simultaneously saturated with water: one of
them — with the constant head of water in 5 cm, the other monolith —
without head of water (fine-dispersed sprinkler and no water layer at
the soil surface). It is supposed that due to the even small head of water
(3-6 cm of water column) the water transport seems transformed from
capillary frontal type in case of the absent head of water into the influx
along preferential transfer ways in the presence of small headed infil-
tration. The different conditions at the soil surface (small headed infil-
tration and the absent head of water) can evidence or disprove the fact
that apart from macropores, fissures and the other components of the
pore space an additional hydraulic head is required for the formation
of preferential water flows.

In the course of this experiment the monoliths were bored every day
at a different depth (0, 5, 10, 20, 30, 40, 50, 60 cm) in order to study the
moisture dynamics. With the view of studying the moisture distribution in
space at the end of this experiment the soil samples were taken at the above
mentioned depth (25 experimental points in every soil layer). Microevap-
orators helped to determine the surface evaporation.

The water movement under conditions of small headed infiltration
and without head of water was calculated by means of mathematical
model HYDRIS ID. Under use were the methods presented in Table 2 to
obtain the experimental material providing this model (first of all, the
main hydrophysical characteristics of soil).
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Table 2 Analytical empiric methods to determine the main hydro-physical soil

characteristic and those to determine pedo-transmitting functions

Empiric method Half-empiric method

(the main hydro-physical characteristic by
means of soil constants and properties—

pedo-transmitting function)

1. Capillarimeters 4. Pedo-transmitting function according to

Agrotool program (Poluektov, Terleev, Ag-

rophysical Institute)

2. Tensiometers 5. Pedo-transmitting function as based upon
Voronin’s “secant”
3. Centrifugation 6. Pedo-transmitting function according to

the particle size distribution (Rosetta data-
base used in HYDRUS)

7. Regional pedo-transmitting functions ob-
tained in field experimental studies of the
soil physical properties and detection of the
main hydro-physical soil characteristic in la-
boratory; they were obtained by regressive
method using a great amount of experimental
data about the soddy-podzolic soils at the ter-
ritory of Zelenogradsky experimental station
of the V.V. Dokuchaev Soil Science Institute

One of the objectives of the given study was modeling of the
above processes, comparison of calculated and experimental data to
identify the most adequate for providing the models — the main hydro-
physical soil characteristics experimentally determined by methods pre-
sented in Table 2.

RESULTS AND DISCUSSION

The moisture distribution along the profile of agro soddy-podzolic
soil showed that after infiltration the water penetrated to the depth of 30
cm in case of the absent head of water and to the depth of 40 cm in the
presence of hydraulic water head. The spatial distribution of moisture at
the end of experiment served as evidence that due to small headed infil-
tration the statistical indices of moisture variability seemed considerably
higher at the depth of 50 and 60 cm accounting for 4-6 and 15-18%.
This is explained by occurrence of preferential water flows due to the
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small headed infiltration. The water penetrated along separate channels
of macropores and fissures, thus forming an instable moistening front,
in which the water moves more quickly than in the soil mass and the
lower part of the soil profile becomes moist. In case of the absent headed
infiltration the moisture variability is rather low (2—-4 and 5-10% at the
depth of 50 and 60 cm) because the water moves slowly throughout the
soil and provides evenly moistening of the soil profile.

Modeling of these processes in HYDRIS ID showed that the water
behavior in soil is described best of all by the model for the monolith
with the absent headed infiltration and provided with the main hydro-
physical soil characteristics obtained by methods of capillarimeters and
tensiometers as well as regional pedo-transmitting function, thus mini-
mizing the average error of modeling. The model with the main hydro-
physical soil characteristic obtained by tensiometers with account of the
particle-size distribution seemed suitable for the monolith with the pre-
sent head of water. Significant errors in models with the main hydro-
physical soil characteristics obtained by centrifugation are explained by
destroying of small soil samples, the latter being incorrectly dried or sat-
urated with water. Using the method of tensiometers the undisturbed soil
samples permit to determine more exactly the hydro-physical soil char-
acteristics. The detection of pedo-transmitting function taking into ac-
count the particle-size distribution reveals the most reliable results. The
model experimentally provided with the main hydrophysical soil char-
acteristic determined by Voronin’s secant and that constructed by the
method of centrifugation didn’t allow obtaining the required results.

The statistic analysis of errors in modeling (total mistakes in cal-
culation of moistening throughout the soil profile, i.e. in all the studied
monolith layers) showed that in case of the absent headed infiltration the
errors are rather small when the data of regional pedo-transmitting func-
tion are used (Fig.).

Under conditions of small headed infiltration the minimal total er-
rors of modeling and their variability are observed in case of using pedo-
transmitting functions with account of the particle-size distribution.

Among the experimental methods the application of tensiometers
proved to be the most suitable for determining the main hydro-physical
soil characteristics. The method of centrifugation displayed a great vari-
ability of errors in modeling of the water behavior in both monoliths.
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Statistics of modeling errors (difference between real and calculated moisture,
A, g/g) in case of the absent headed infiltration (A) and small headed infiltra-
tion (B) for agro soddy-podzolic soils by using different experimental materials
(method of determining the main hydro-physical characteristics of soil, see Ta-
ble 2).

It is worth emphasizing that the deviation of the average value
from zero indicates possible systematic errors -in case of the absent
headed infiltration they are probably observed in determining the pedo-
transmitting function with the use of particle-size distribution, Voronin’s
secants and the method of centrifugation. In case of headed infiltration
such errors in modeling are observed in the use of the particle-size dis-
tribution as a predictor as well as regional pedo-transmitting function. It
must be made clear that the further studies and calculations are required
to draw final conclusions about systematical errors in obtaining experi-
mental materials for forecasting models of the moisture regime.

When comparing the models according to Williams-Klyute crite-
rion, it seemed reasonable to show that the mathematical model
HYDRUS ID was best provided with experimental materials by using
regional pedo-transmitting functions.

Based upon these studies it is feasible to give the following me-
thodical recommendation for researchers of the moisture regime in soil —
in investigations, forecasts and optimization of the moisture regime at
regional level it is necessary to elaborate regional hydrological databases
that even in case of a small amount of predictors (in the given case only
the bulk density and the content of the organic matter) allow obtaining
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rather exactly the reliable description of the water regime along the soil
profile by using physically-grounded models.

CONCLUSIONS

1. The water transport in soil is quite different even under condi-
tions of small changes at the soil surface; it happens at the expense of
differences in the mechanism responsible for water transfer. When the
head of water is present, the preferential water flows occur in soil and
change the physical mechanism of water transfer as well as the mathe-
matical description and the used models.

2. Differences in the obtained experimental materials reveal dif-
ferent errors in modeling. Among the methods performed in these stud-
ies the errors are rather minimal in case of using the capillarimeters and
tensiometers as well as the pedo-transmitting function with predictors of
the particle-size distribution and the organic matter content.

3. The use of regional pedo-transmitting functions is the most ad-
equate method to provide the experimental material for the mathematical
model HYDRUS ID describing the processes of the small headed infil-
tration, the absent head of water and the consequent water redistribution
throughout the soil profile.

An approach is offered to give a comparative assessment of dif-
ferent methods to obtain the information on the hydrophysical soil char-
acteristics for forecasting modeling at a pedon level. One should notice
that the results have been obtained only for one soil type. By this reason,
it is impossible to be sure that the analogous data can be suitable for the
other soils.
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