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Water movement in soil profile takes place mainly in the unsatu-
rated zone. Knowledge of diffusivity and hydraulic conductivity as
a function of soil moisture content is required for the quantitative
evaluation of flow processes such an infiltration, evapotranspiration and
water uptake by plants [6, 8]. Changes of hydraulic conductivity at’
various moisture contents can be also an index of soil pore-size distri-
bution [2].

Methods for determination of the diffusivity and unsaturated con-
ductivity, particularly in field conditions, are laborious, very time con-
suming and demand complicated instrumentation.

Arya et al. [1] developed and tested a new laboratory procedure
called the hot-air or evaporation method, for determination of diffusi-
vity and unsaturated hydraulic conductivity in undisturbed soil cores.
The method seems to be attractive, as it is quick, cheap and simple.
Ehlers [7] found the method was effective in demonstrating the hyd-
raulic differences beween tilled and untilled loess soil. Bouma [3]
also reported that the first result obtained with the method were en-
couraging, but more testing was necessary before a final judgement
could be made. :

The objective of the work as reported here is to compare the unsa-:
turated hydraulic conductivity measurements by the hot-air method
with those from the in situ crust-test procedure at the low soil moisture
tensions and with the calculation method in a higher range of soil
moisture tension.

MATERIAL AND METHODS

Experimental plots were located on the chernozem, cambisol, ren-.
dzina and luvisol with texture of silt loam, medium-heavy silty loam,
clay loam and coarse sand, respectively (Table 1).
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The diffusivity and unsaturated conductivity was determined by
the laboratory method proposed by Arya et al. [1]. Soil cores with
undisturbed structure of 200 ml and 5.1 cm in diameter were used.
The soil cores were taken in 6 replications from the depth of 5—15
and 25—35 cm from each soil. The soil samples were saturated by
capilary rise and equilibrated in a horizontal position for some days.
Therefore warm air was blown over the exposed of the core to
measure evaporation rates. The warm air was blown from an electric
drier, equipped with an additional heating coil and autotransformer
allowing to maintain a constant temperature of the blowing air in
the range of 80-200°C. The soil cores were weighted every minute. After
drying the soil was divided into 12—14 segments to determine soil
moisture distribution. The soil was pushed out from the cylinder with
a piston of the same diameter.

Preliminary tests were made to find the proper temperature and
time of drying to satisfy the following presupposed conditions: cumu-
lative evaporation must be proportional to the square root of time
and the original water content of the soil at the closed end unchanged
during the evaporation procedure.

In the chernozem, cambisol and rendzina these conditions were met
by drying times of 15, 12 and 10 min., respectively, at the temperature
of 120—130°C (Fig. 1). Only in the luvisol with the coarsest texture
the original water content at the closed end was changed. '

The diffusivity was calculated from the moisture distribution curves
(Fig 1) obtained after evaporation as a function of volumetric water
content @ [cm3%cm3] at 0.02 © intervals according to the equation of
Bruceand Klute [5]:
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where D(@,) is the diffusivity [cm®/min] as a function of water content

O, t is the time [min], x is the distance from the evaporation surface
[em] and @, is the initial water content.

The boundary conditions are:
e = @; x>0 t=20
o =0, =0 t>0

where 0, is the air-dry soil moisture content.

The geometric mean of replicate D values and 95%¢ confidence in-
terval of the geometric mean were calculated at the University of
Geettingen. Institute of Agronomy and Plant Breeding (FRG) with the
method used by Ehlers [7]. The all diffusivities determined were
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Fig. 1. Examples of molsture distribution in cores of the soils investigated in the
5—15 cm layer after evaporation. The inserts show the relationship between cumu-
lative evaporation and the square root of time

used for computation of the best fitting D(] curves. These curves were
used to calculate the unsaturated hydraulic conductivity k as a function
of water content (@) according to the equation:

do
k@O=DO) 4

do :
where -‘-1—;; is the slope of the moisture retention curve. For comparison

with the data obtained in the crust-test procedure and calculation me-
thod k cm/day will be pretented as a function of ¥.

The second method of determining k is the in situ crust-test pro-
cedure described and tested by Bouma and Denning [4]. The me-
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thod consists af a series of infiltration runs through crusts of decreasing
hydraulic resistance, each of which gives one point on the hydraulic
conductivity curve k (¥). The crusts were formed from a pre-wetted
mixture composed of gypsum and sand. Each run was made in a soil
pit using an excavated cylindrical column of soil with the height and
diameter of 28 cm. A ring steel infiltrometer of the same diameter and
10 cm high was fitted onto the column. The water was fed from a bu-
rette with a Mariotte device maintaining a constant pressure of about
3 mm water over the crust. Soil moisture tensions were measured by
tensiometers. The infiltration rate constant for a period of at least one
hour, equals the hydraulic conductivity when the moisture tension
gradient is zero. According to Darcy’s low:

where v is the infiltration rate and ¢ is the hydraulic gradient, which
is ussually close to unity, as the flow occurs only by gravity [3]. With
this method the k values were measured to the soil moisture tension
of 60 hPa.

The hydraulic conductivity in a higher range of the tension was
calculated according to Green and Corey’s method as modified by
Luxmoore [9]. In the method the calculated hydraulic conductivity
is obtained from soil pore-size frequency distribution and the statistical
probability of continuity of pores across any plane in the soil. Two
experimental values (e.g. at saturation and at some unsaturated water
content) obtained with the crust-test procedure were included in com-
puting for matching the calculated conductivity with the use of series
of weighted matching factors.

RESULTS AND DISCUSSION

Figure 1 shows that with the hot-air method the required linearity
between cumulative evaporation and the square root of time was reached
in chernozem and cambisol after 2—4 min, in rendzina after 1~—2 min,
and in the luvisol after 4—6 min. Arya et al. {1], Ehlers [7] and
Opara-Nadi [10] achieved linearity after 2 min, 2,5 to 4 min and
3 do 6 min, respectively. These authors used 80 ml Hapludoll loam soil
cores with the diameter of 365 cm and the drying temperature of
about 90—100°C, 200 ml loess soil cores with the diameter of 5,4 em
and the temperature of 130°C and 500 ml soil loess cores with the dia-
meter of 8 cm and the temperature between 185—230°C. The different
external conditions could by responsible, at least partly, for the various
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Chernozen 5-15 6 50 44 1" 10,0 21,1 21,0 122,1 1, 3,06 87,7 2,15
25-35 6 49 45 13 9,6 20,4 19,2 85,2 1,33 2,76 86,3 8,60
Cambisol 5-15 21 3 48 a 9,3 20,0 19,3 41,0 1,40 1,48 53,7 Gy 15
25-35 18 35 47 10 Te1 19,0 15,4 60,1 1,52 u,42 46,8 0,13
Rendzins 5-15 18 19 63 27 2,7 15,3 27,5 37,5 1,13 3,95 219,17 24,0
25-35 17 21 62 29 11,1 15,0 2,4 2,5 1,18 2,87 215,0 33,7
Luvigol 5-15 76 16 8 2 17,6 13,2 10,5 201,2 1,51 1,42 29,2 0,08
25-35 73 18 3 20,1 13,3 7,2 135,1 1,56 0,21 16,5 0,06
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times needed for achiement linearity in the investigations mentioned.
In this work 200 ml cores with the diameter of 5,1 cm and the tempe-
rature between 120—130°C were used for all soils. Therefore, the
various time periods for reaching linearity in particular soils might be
explained by their indyvidual hydraulic properties and initial wetness
rather than by external conditions.

The various hydraulic properties of the soils are shown in Figs. 2
and 3 and typical water distribution curves are shown in Fig- 1. The
water content in the sealed ends of chernozem, cambisol and rendzina
did not deviate significantly. However, in the luvisol with the coarsest
texture and largest contribution of pores > um in equivalent dia-
meter (Table 1) the water content was much lower. Consequently, one
of the theoretical conditions of this method was not satisfied. This failure
with the luvisol may by explained by the relatively high hydraulic
conductivity of the sandy soil at a moisture ternsion near saturation
and by the rapid upward movement of the water. In the luvisol the
average valuec of k at a moisture tension of 20 hPa was 20.1 cm/day
and in the remaining soils — below 4.9 cm /day. Ehlers [7] reported
earlier that high hydraulic conductivity might be responsible for this
effect in the 30—40 cm layer of untilled loess soil. Futhermore, after
evaporation the water content range in the luvisol was much smaller
than in the remaining soils and the water contents versus distance did
not give a smooth curve (Fig. 1). Perhaps other sizes of core and exter-
nal conditions could be sufficient to overcome these difficulties [7].

It is worth noticing that the water losses during evaporation from
all soils are limited to the first two centimeters at the open end (Fig. 1).
The high surface drying of the soils resulted in very steep gradients
of the water content with distance near evaporating surface.

Figure 2 shows the calculated diffusivities as a function of soil moi-
sture content. Mean values and the confidence interval were calculated
for diffrent water contents as observed in the soil columns after drying.
The lowest diffusivities in the whole range of corresponding water
contents were in rendzina and the highest diffusivities appeared in the
wet range of cambisol.

Hydraulic conductivity as a function of moisture tension is presented
in Fig. 3. In both layers of all soils investigated the hydraulic condu-
ctivities measured by the hot-air method were lower than those deter-
mined by the crust-test procedure to the soil moisture tension of 60
hPa. The degree of agreement was different in particular soils. In the
layer of 5—15 cm the lowest differences were in chernozem, somewhat
larger in cambisol and much higher in rendzina. At the depth of
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Fig. 2. Diffusivities as a function of volumetric water content in two layers of the soils investigated
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Fig. 3. Hydraulic conductivity as a function of moisture tension. in two layers of
the soils investigated

25—35 cm the differences in k results, as in the upper layer, were
lowest in the chernozem and largest in rendzina. However, in cam-

bisol the results obtained by the hot-air

method were barely from

soil moisture tension of 70 hPa, thus beyond the tension range, for
which the k values were determined by the crust-test procedure.
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At the tension range > 60 hPa agreement between k values by
the hot-air method and calculated values was also different in different
soils (Fig. 3). The best agreement in the moisture tension range corres-
pondig to useful effective retention was found for the chernozem:
In the cambisol at the same tension range the results obtained by the
hot-air method were slightly lower compared to the calculated values.
However, in the rendzina the k values from the hot-air method were
significantly lower compared to those from the calculated procedure
up to tension of about 300 hPa. However, in the higher tension range
the k(¥) curves rapidly close together.

It may be concluded that degree of agreement of k(¥) obtained
with the methods tested depends on the kind of soil and its properties.
In chernozem and cambisol soils showing rather uniform pore-size dis-
tribution, the results obtained by the laboratory hot-air method com-
pare well with those from the crust-test procedure and the calculation
method. However, in the rendzina, showing the lowest diffusivity and
the largest contribution of pores << 3 um in equivalent diameter, the
k results from the hot-air method were markedly lower than those
obtained by the crust-test and calculation methods (to the tension of
300 hPa). In the luvisol, in which the contribution of coarse pores
< 30 um was large the initial water content at the clased end of soil
column was changed when evaporation started.

Consequently, it precluded application of the hot-air method to that
'soil. The application of this method was also not possible on quartz
powder with non-uniform pore-size distribution [10].

In judging the usefulness of the methods in terms of labour con-
sumption and the apparatus required, it might be stated that for the de=
termination of k values in a wide tension range the hot-air method is
most suitable, as it is rapid, cheap and demands no special instrumenta-
tion.

»*

The author is indebted to Ir. P. van 'der Sluijs from the Netherlands
Survey Institute in Wageningen and to Dr. W. Ehlers from the Uni-
versity of Goettingen, Institute of '‘Agronomy and Plant Breeding (RFG)
for their helpful suggestions.
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E. JIMITEL]

CPABHEHUE HEKOTOPbLIX METOAOB OMNPEAEJIEHMSA BOIOIIPOBOJVMOCTU
I10YB IPYU HEIIOJIHOM HACBIIUEHUUA

Uncratyt arpodmsucu ITAH B Jlio6aaHe

Pe3roMe

CpaBHHMBaNH BeIMYHHBI KO3(Q(HUUHMEHTa BOXOIPOBOIUMOCTH K IIPH HEHOIHOM HACHIIICHHH
TIOYB IIOJIyYEHHbIE IIPYU MCII0/IH30BAHMH HOBOrO M ObICTPOro 1abopaToOpHOro MeTrola 3Banopaudi
C pe3y;ibTaTaMM 3TOM BOJAOOPOBOIUMOCTH IIOJIY4€HHBIMH IO IIOJIEBOMY METOAY NpPH NpPHMEHCHHH
TETICOBO-MECYAHBIX KOPOK C COCYIUMM aBnenueM 40 60 rIla u mo pacyeTHOMy METOLY C BHICLTHMH
3HauCHUAMH COCYIIEro Iapjienms: Viccienmosamus HpPOBOAMIMCh Ha 4depHo3eme, Oypoit mouse,
pesm3mHe M manesoit moyse. Hambonee cxomHble 3Ha4Y€HMA K HOJIyYEHHble C MOMOLIBIO CPaBHH-
BAaEMbIX METOJOB OBUIM YCTAHOBJEHBI B YCPHO3eMEe M GypOl IOYBE XapAKTEPH3YIOLMXCS CPaB-
BHTENbHO OJHOPOIHBIM DACHpEE/IeHAEM TTOP B COOTBETCTBHH C MX pa3MepamH. B peHI3uHe Xa-
PaKTEPHE3YIOLIEHCA CaMO} MaJIOf 3€PHACTOCTBIO H CAMbIM BEICOKHM YYATHEM MAbiX IIOD C JKBH-
BAJIEHTHBLIM JAMGMETPOM <3 uM, 3HaYEHHs IIOy4YEHHBIC MO METOAY 3Bamopaudn ObLIH 3aMETHO
MEHBILIE 3HAYEHMH ITOJIYYEHHBIX C IOMOIIBIO OCTaJIbHBIX METONOB. B makeBoit moyBe XapaxTepH-
3yI0Ieics KPYITHO3EPHHCTOM TPaHYTIOMETPHEH M CAMBIM BBICOKHM YYacTHEM KDPYITHBIX Iop > 30 puM,
He 6bUT0 COOMIONEHO MpeIBapHTENLHOE TEOPETHYECKOE YCJIOBHE 3IBANOTPAHCIIAPALIHOHHOIO Me-
TOAQ, YTO CHENajio HEBO3MOXKHBIM €€ IPMMEHEHHE K 3TOH IOYBeE.
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POROWNANIE NIEKTORYCH METOD OZNACZANIA PRZEWODNICTWA
WODNEGO GLEB PRZY NIEPELNYM NASYCENIU

Zaklad Agrofizyki PAN w Lublinie

Streszczenie

Poréwnano wartosci wspéiczynnika przewodnictwa wodnego k przy niepeinym
nasyceniu gleb, uzyskane nowa i szybka metodg laboratoryjng ewaporacji z wy-
nikami tego przewodnictwa otrzymanymi metodami: polowg z zastosowaniem
skorup gipsowo-piaskowych przy cisnieniu ssgcym do 60 hPa oraz obliczeniowg
przy wyzszych wartosciach ci$nienia ssgcego. Badania przeprowadzono na na-
stepujgcych glebach: czarnoziemie, glebie brunatnej, redzinie i glebie plowej.
Najlepszg zgodno§é wartosci k uzyskanych poréwnywanymi metodami otrzymano
w czarnoziemie i glebie brunatnej, charakteryzujacych sie dos$é jednorodnym roz-
kiadem porow wedlug ich wymiaréw. W redzinie, wykazujgcej najdrobniejsze
uziarnienie i najwiekszy udzial poré6w matych o Srednicy réwnowaznej < 3 um,
warto$ci k uzyskane metodg ewaporacji byly wyrainie mniejsze niz wartosci uzy-
skane pozostalymi metodami. W glebie plowej, odznaczajgcej sie gruboziarnisiym
rozkl.adem granulometrycznym i najwiekszym udzialem poréw duzych > 30 um,
nie zostal spelniony wstepny warunek teoretyczny metody ewaporacyjnej, co unie-
mozliwilo jej zastosowanie do tej gleby.

Dr Jerzy Lipiec Woplynelo do redakeji w lipcu 1983
Zaktad Agrofizyki PAN
Lublin, ul. Krakowskie Przedmiescie 39






