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RELATIONSHIP BETWEEN GRAVIMETRIC AND VOLUMETRIC WATER
CONTENT OF SOIL IN CONDITIONS OF EAST SLOVAKIAN LOWLAND

Andrej Tall, Dana Pavelkova

The aim of this contribution was to study dependence between gravimetric and volumetric water content of soil which
resulted into pedotransfer function. This function would facilitate the calculation of volumetric water content of soil
based on more easily calculated gravimetric water content of soil. Regarding the samples, 325 undisturbed soil samples
were taken from 15 different locations of East-Slovakian lowland. Further, the samples underwent grain-size analysis
and 2 759 measurements of gravimetric and volumetric water contents of soil were performed. The dependence between
gravimetric and volumetric water content of soil is linear in soils with low content of clay fraction. When clay content
was increasing, the linearity of dependency was vanishing and it started to copy the curve. This fact was caused by the
volume changes of soil emerging due to the presence of clay minerals in soil. Pedotransfer function was obtained in the
form of eight polynomial functions of second degree for eight different intervals of clay fraction component (particles
<0.002 mm). The degree of reliability of this function is confirmed by the value r’=0.9962 as well as the value of mean
absolute error: 0.7890 %.

KEY WORDS: volumetric water content of soil, gravimetric water content of soil, pedotransfer function, volume changes of soil

VZTAH MEDZI HMOTNOSTNOU A OBJEMOVOU VLHKOSTOU PODY V PODMIENKACH
VYCHODOSLOVENSKEJ NiZINY. Cielom prispevku bolo skiimat’ zavislost medzi hmotnostnou a objemovou
vlhkostou pddy, ktora by viedla k vzniku pedotransférovej funkcie. Tato funkcia by umoznila vypocet objemovej
vlhkosti pddy na zaklade l'ahSie zmeratelnej hmotnostnej vlhkosti. Odobratych bolo 325 neporusenych vzoriek pody
z 15-tich lokalit na Vychodoslovenskej nizine. Zo vzoriek boli urobené zrnitostné rozbory a bolo vykonanych 2 759
merani hmotnostnych a objemovych vlhkosti pod. Zavislost’ medzi objemovou a hmotnostnou vlhkost'ou je pri podach
s nizkym zastipenim ilovej zlozky linearna. Pri zvySovani podielu ilovej zlozky v pdde, sa tato linearita straca
a zavislost’ za¢ina kopirovat’ krivku. Sposobené je to objemovymi zmenami, ktoré prebiehaju pri pritomnosti ilovych
mineralov v tychto pddach. Ziskana bola pedotransférova funkcia v podobe 6smich polynomickych funkcii druhého
stupha pre osem roznych intervalov zastiipenia ilovej frakcie (¢astice < 0.002 mm). Stupen spolahlivosti tejto funkcie
potvrdzuje hodnota r*=0.9962 a hodnota priemernej absoliitnej chyby: 0,7890 %.

KLUCOVE SLOVA: objemova vlhkost’ pddy, hmotnostnd vlhkost’ pddy, pedotransférna funkcia, objemové zmeny pody

Introduction m,, —mass of water [kg],
my —mass of dry soil [kg].

When expressing soil moisture, it is important to

distinguish between volumetric and gravimetric water @ =" 1qg

content of soil. The equations are expressed as follows: Ve

where
® —volumetric water content of soil [%],
V,, — volume of water [m’],

where V., — volume of soil [m’].
w — gravimetric water content of soil [%],

mw
w="22100 (1)

@
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Relationship between w and © is expressed as follows:

®=wﬁ (3)

where
ps — density of soil solid phase [kg.m™],
Py — density of water [kg.m™].

In case of rigid (non-deforming) soils, the dependency
(3) is linear since p; is a constant (py is in this case equal
to the density of dry soil — p,). While monitoring
moisture of rigid soil, it is sufficient to take once an
undisturbed soil sample for determining p, at the
beginning. For next samplings, it is sufficient to measu-
re the parameter w, based on which the parameter @is
calculated according to relationship (3). Determining
the value of w is simple in practise, as it only requires
taking disturbed soil sample (Gombos et al., 2001). In
case of soils affected by volume changes during
moisture change (so called heavy soils), the equation (3)
is not linear. It is related to the fact, that p; for these
soils is not constant along with change of moisture.
Non-liner relationship between @ and w in heavy soil
sample taken from Senné, (location of ESL), is
demonstrated in Fig 1. The full line is an experimentally
measured relationship between @ and w. On the other
hand, dashed line presents such dependency under
conditions that soil volume changes are excluded (i.e.,
sample volume is considered aconstant during
experiment). Volume changes in heavy soils are caused
by the presence of clay minerals which can change their
volume during the change of soil moisture. It is true that
the higher presence of clay content in the soil, the
higher potential of volume changes in such soils. The
theory of mechanisms and quantification of volume
changes in heavy soils was examined relatively in great
detail in the past (Bronswijk, 1988; Bronswijk et al.
1990; Gombos, 2012; Tall, Gombos, 2013).
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It thus follows that the direct measurement of volu-
metric water content in heavy soils is conditioned by the
collection of undisturbed soil samples. Moreover, it is
also necessary to measure volume of sample during
each measurement of volumetric water content.

The aim of this contribution is to propose a computa-
tional model for obtaining volumetric water content of
soil which is based on the value of gravimetric water
content of soil and grain-size analysis defined by
pedotransfer function (PTF). Its usage should not be
limited to ESL conditions only.

Material and methods

A large database set was used for the analysis of
relationship between gravimetric and volumetric water
content of soil, collected during the time span 2000 —
2016 at the Hydrological Research Base in Michalovce.
The analysis consisted of 2 750 measurements of
volumetric and gravimetric water content of soil. In
total, 325 soil samples from 15 different locations of
ESL were processed (Fig 2, Tab 1). A grain-size
analysis was performed on each sample by hydrometer
method. Measurements were performed on undisturbed
soil samples extracted into Kopecky cylinders. After
extraction, each soil sample was saturated to reach a full
water capacity and, subsequently, slowly being dried at
20 °C under laboratory conditions. During drying
process, mass of samples was measured on laboratory
scales in irregular intervals. In case that soil sample
underwent a shrinkage, the volume of soil was
measured, as well. Determination of sample volume was
based on the calculation of geometric parameters of soil
cylinder, i.e. its diameter in two mutually orthogonal
direction and its height. Before submitting final
measurements, the samples were dried out at 105 °C in
lab dryer. As aresult, the outcomes of gravimetric as
well as volumetric water content of soil were obtained
based on the equations (1) and (2).

= 0= = excluded soil volume changes
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Obr. 1.

Experimentdalne zmerand zavislost medzi objemovou a hmotnostnou vihkostou

na priklade tazkej pody (lokalita Senné. horizont 70-80 cm).

Fig. 1.

Measured relationship between volumetric and gravimetric water content of
heavy soil (locality Senné, horizont 70-80 cm).
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Obr. 2. Situovanie odbernych miest na Vychodoslovenskej nizine.
Fig. 2. Situation of sampling sites on East Slovakian Lowland.
Tabul’ka 1. Odberné miesta
Table 1. Sampling sites
Locality Coordinates Sampling Number of Number of
depth [cm] samples measurements
Michalovce N48° 44,255 E21° 56,664 0- 80 24 154
Milhostov N48° 40,185 E21°44,248 0-160 32 263
Polany 1 N48° 28,094 E21° 58,878 0-250 50 500
Polany 2 N48° 28,237 E21° 58,326 0-250 50 450
Pribenik N48° 23,688 E21° 59,547 0-100 6 72
Senné 1 N48°39,900 E21° 02,859 0-250 24 216
Senné 2 N48° 39,802 E21° 02,892 0-— 80 45 372
Sirnik N48° 30,538 E21° 48,830 0- 80 16 175
Somotor 1 N48° 23,748 E21° 48,471 0- 80 24 108
Somotor 2 N48° 23,173 E21° 48,237 0-100 2 24
Velky Hores N48° 22,540 E21° 53,907 0-100 8 93
Velky Kamenec N48°21,048 E21°48,877 0-100 4 45
Vysoka n/Uhom 1 N48° 36,792 E22° 06,912 0-100 20 160
Vysoka n/Uhom 2 N48° 36,796 E22° 06,898 0- 60 18 105
Zatin N48° 28,725 E21° 54,918 0-100 2 22
z 325 2759

Results and discussion

A diversity of soil samples with respect to soil types is
presented in Fig. 3. As depicted by texture triangle, the
samples cover most of the soil types what confirms
a high variability of soil types on ESL.

A rate of volumetric changes in soil is directly related to
the content of clay fraction (particles < 0.002 mm).
With respect to examined samples, a content of clay
fraction ranged from 0.73 to 84.35 %. Examined data
were divided into 8§ intervals, based on the percentage
increase of clay content in soil. Figure 4 shows a measu-

red relationship between @ and w and its division into 8
intervals. Relationships between @ andw were
expressed in form of 8 polynomials of second degree.
Firstly, the measurements performed on samples with
lowest content of clay fraction (0 — 10 %) depict linear
relationship. This outcome is related to a minor or
insignificant content of clay fraction since no, or
negligible, volumetric changes occur in such soils.
Further, linear relationship between @ andw is
gradually transformed into curve in relation to
increasing content of clay fraction.
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Fig. 3. Soil samples classification according to soil types.
Obr. 3. Zatriedenie odobratych vzoriek podla podnych druhov do klasifikacného diagramu.
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Fig. 4. Measured relationships between volumetric and gravimetric water content of soils
(x-axis — gravimetric water content of soil [%]; y-axis — volumetric water content of soil [%)]).
Obr. 4.  Zmerané zavislosti medzi objemovymi a hmotnostnymi vlhkostami péd (x-ova os —
hmotnostna vihkost pédy [%]; y-ova os — objemova vihkost pody [%]).
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Table 2.
Tabulka 2. Parametre pedotrasférnej funkcie

Parameters of pedotransfer function

Clay content Number of Pedotransfer function Mean absolute
(<0.002 mm) measurem. ©=aw+bw+c) r’
[%] a b c error [%]
0—10 464 -0.0026 1.5113 -0.1763 0.9972 0.4614
10—20 373 -0.0093 1.7120 -0.2901 0.9945 0.9023
20-30 720 -0.0123 1.8499 -0.2462 0.9961 0.7100
30-40 475 -0.0155 1.9134 -0.2625 0.9958 0.7894
40 -50 220 -0.0165 1.9388 0.0472 0.9947 1.0377
50-60 287 -0.0147 1.8572 -0.0123 0.9973 0.6967
60 —-70 132 -0.0137 1.8089 0.3485 0.9923 1.3389
70— 100 88 -0.0103 1.6386 0.2334 0.9908 1.5339
3 2759 Weighted average value: 0.9962 0.7890

As a result, we obtained PTF in the form of second
degree polynomials for eight intervals of clay fraction in
soil (particles < 0.002 mm). Parameters of PTF are
presented in Tab. 2. A very high level of reliability of
PTF is confirmed by a high value of coefficient of
determination (r* = 0.9962) and relatively low value of
mean absolute error (0.7890 %) respectively.

Conclusion

On the basis of 375 soil cylinder samples collected from
15 different locations of ESL, 2 759 measurements of
volumetric and gravimetric water content of soil were
performed. Further, a grain-size analysis was performed
on all the soil samples. It resulted into determination of
PTF used for calculation of volumetric water content of
soil which was based on the value of gravimetric water
content of soil and the value of clay content in soil
(particles <0.002 mm). A very high level of reliability is
demonstrated in PTF as displayed in values of
coefficient of determination r°=0.9962 and mean
absolute error 0.7890% respectively. In practice, a
significance of PTF is useful, for example, during
regular monitoring of soil moisture. Measurement of
volumetric content of soil (especially in case of heavy
soils) is conditioned by obtaining only undisturbed soil
samples. Given PTF enables to determine with high
precision the volumetric content of soil based on the
gravimetric content of soil in case, that clay content in
soil is known. The measurement of gravimetric content

of soil is considerably easier and faster in comparison to
the one of volumetric content of soil. On the other hand,
the methodology of PTF has not yet been verified in
soils outside of ESL, therefore, its applicability cannot
be extended to areas outside of ESL so far.
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VZTAH MEDZI HMOTNOSTNOU A OBJEMOVOU VLHKOSTOU PODY
V PODMIENKACH VYCHODOSLOVENSKEJ NiZINY

Pri vyjadrovani vlhkosti pody je velmi dodlezité rozliSo-
vat’ hmotnostnu (w) a objemovtl (&) vlhkost’ pody. Pre
rigidne (nedeformujuce sa) pddy je zavislost medzi

0O aw linearna. Pri monitoringu vlhkosti rigidnej pody
teda postacuje na jeho zaciatku odobrat jednorazovo
neporuSentt vzorku pody na stanovenie p; (objemova
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hmotnost’ pevnej fazy pody). Pri naslednych odberoch
je potrebné uz len merat’ hodnotu w, z ktorej sa vypocita
hodnota @. Stanovenie hodnoty w je v praxi jednodu-
ché, pricom stadi vitanim odobrat’ porusenu vzorku
pody.

Pre pody, ktoré vykazuju pri zmene vlhkosti zmenu
objemu (nazyvanych aj tazké pdody), prestava byt vztah
medzi @ a w linearny. Je to dané tym, Ze pre tieto pody
sa so zmenou vlhkosti meni aj hodnota p, Objemové
zmeny v tazkych pddach su sposobené pritomnost'ou
flovych mineralov, ktoré pri zmene vlhkosti menia aj
svoj objem. Plati, Ze ¢im vySSie zastipenie ilovej zlozky
v pode, tym vysSi potencidl objemovych zmien tychto
pdd. Z uvedeného vyplyva, ze v pripade tazkych pdd je
priame zmeranie objemovej vlhkosti podmienené odbe-
rom neporusenej vzorky pddy. Taktiez je nevyhnutné
meranie objemu vzorky pri kazdom merani objemovej
vlhkosti.

Ciel'om tohto prispevku je navrhnut’ vypoctovy spdsob
ziskavania objemovej vlhkosti pddy na zaklade zmera-
nej hmotnostnej vlhkosti pddy a zrnitosti prostrednic-
tvom pedotransférnej funkcie (PTF), ktory by bol pouzi-
telny minimalne v podmienkach Vychodoslovenskej
niziny (VSN).

Pre analyzu vztahu medzi hmotnostnou a objemovou
vlhkostou pddy bol spracovany rozsiahly subor dat,
ktory vznikal postupne v rokoch 2000 az 2016 na praco-
visku VHZ v Michalovciach. Jedna sa o subor 2 759
merani objemovych vlhkosti pod a im prisluchajiacich
hmotnostnych vlhkosti. Spolu bolo spracovanych 325
pddnych vzoriek z 15 réznych lokalit na VSN. Z kazdej
pddnej vzorky bol vykonany zrnitostny rozbor husto-
mernou metdodou. Merania boli vykonané na neporuse-
nych pddnych vzorkéach, odobratych do Kopeckého
val¢ekov. Po odobrati boli vzorky pddy zakazdym dosy-
tené na plnt vodnu kapacitu a nasledne boli v labora-
toriu pomaly vysuSované pri teplote 20 °C. Pocas vysu-
Sovania boli v nepravidelnych intervaloch na laboratér-
nych vdhach merané hmotnosti vzoriek. V pripade, ze
pri suseni podnej vzorky doslo aj k jej zmrSteniu, tak

RNDr. Andrej Tall, PhD.
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Tel.:  +421 56 6425 147
E-mail: tall@uh.savba.sk

bol zmerany jej objem. Stanovenie objemu vzorky spo-
¢ivalo v zmerani geometrickych parametrov podneho
val¢eka — jeho priemeru v dvoch na seba kolmych sme-
roch a jeho vysky. Pred poslednym meranim boli vzor-
ky pddy zakazdym dosuSené v laboratornej susi¢ke pri
teplote 105 °C. Z takto ziskanych tidajov boli stanovené
hmotnostné, resp. objemové vlhkosti pody.

Miera objemovych zmien v pddach je priamo umerna
zastupeniu ilovej frakcie (Ciastocky < 0,002 mm).
V skiimanych vzorkdch pddy sa obsah ilovej frakcie
pohyboval v rozmedzi od 0,73 do 84,35 %. Podla
narastajuceho percentudlneho obsahu tejto frakcie vo
vzorkdch pody, bol cely skiimany subor dat rozdeleny
do 6smich intervalov. Meraniami boli prelozené trendo-
vé zavislosti v podobe polynémov druhého stupna. Me-
rania na vzorkach s najniz§im zastapenim ilovej frakcie
(0 — 10 %) vykazuju priblizne linearnu zavislost’. Je to
dané malym, resp. zanedbatelnym obsahom ilovej frak-
cie, ked’ nedochadza k Zziadnym (resp. zanedbatel'nym)
objemovym zmenam. Tato linearna zavislost’ s narasta-
jucim obsahom ilovej frakcie doznieva a dochadza
k postupnému zakrivovaniu iary vyjadrujucej zavislost
medzi @a w. Ziskana bola PTF v podobe 6smich poly-
nomickych funkcii druhého stupfia pre osem roznych
intervalov zastipenia ilovej frakcie (Castice < 0,002
mm). O spol'ahlivost’ tejto funkcie vypovedd velmi
vysoky stupeti zavislosti (* = 0,9962) a relativne nizka
hodnota priemernej absolutnej chyby (0,7890 %).
Vyznam tejto PTF je v praxi vyuziteny napr. pri pravi-
delnom monitoringu pddnej vlhkosti. Meranie objemo-
vej vlhkosti (hlavne pri tazkych poédach) je podmienené
odberom neporusenych pddnych vzoriek pody. Uvedena
PTF umoziluyje s vysokou presnostou urcit’ objemovu
vlhkost’ pody z hodnoty hmotnostnej vlhkosti pddy, pri
znamom obsahu ilovej zlozky pddy. Hmotnostna
vlhkost’ pddy je v porovnani s objemovou vlhkost'ou
pddy omnoho jednoduch$ie a najmé rychlejsie zmera-
telnd. Nakol'’ko nebola tato PTF zatial’ verifikovand pre
pddy mimo VSN, nemozno jej platnost’ rozsirit mimo
uzemia VSN.
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