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CATENA OF UNDULATING G ROUND MORAINE

Summary. The study presents the results of research on the deficiencies of water content in soil
toposequence. The objective was to determine water deficiencies in soil in relation to lthe avai
able soil water holding capity (AWHC) and the soil location in a relief. The research results
indicate a wide diversity of AWHC in the toposequence (catena), which is related to the complex
movement, and distribution of precipitation water in the particular elements of the sheperop

water deficiency and the depth of soil drying up are strongly deterrhintgee location of the soil

in the relief. During periods of vegetation the strongest and the deepest drying up is observed in
the Aquic Glossudalfs of the ground moraine at®ns in which the soil water dynamits
mainly determined byrecipitation waterThe drying up is weaker in the Typic Endoaquolls and
weakest in the Cumulic Endoaquolls of the footslope, which display permanent capillary rise and
lateral inflow.
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Introduction

Numerous studies carried out in the Wielkopolska Lowland concerning the temporal
variations in soil moisture have shown their strong drying up duringtatge seasons
and the rebuilding of their retention storage in autumn and wiktemiSAREK 2000,
KOMISAREK andKo z G 0 ws2005,MARCINEK andK OMISAREK 2000,2004,MARCINEK
et AL. 1994,SPYCHALSKI 1998. The deep drying up of soil and the deficiencieseafl
ily plant available water (RPAW) result from both the amount and the distribution of
rainfall throughout a year, as well as the soil pattern, location on the slope and the

"The study revealsa part of the results of twgear stationary research on the soil wager r
gi me and the chemistry of ground water iin t
2 P04G 009 29 Research Project.
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grown plants species. Within the toposequence (catena) the distribution df naitifa
particular elements of the slope can modify the deficiencies or excess in the profile of
plant available water (PAW). Therefore, identifying the dynamics of soil water in the
toposequence may be of great relevance not only for the optimum pdaloicpon, but

also for the pedogenesis and the evolution of these soils as well as the assessment of
surface water pollution risks in areas that are subject to intensive farming.

Material and methods

The research was carried out in the cultivated raietochment area of the Rrz
broda Experimental Station located in the narte nt r a |l part of the PoznaGE
within the Szamotiy Plain (coordinates: between 016" and 508052" of latitude
and between 18935" and 168953" of longitude). This am is a part of an undulating
ground moraine of the PozR@lk Phase of the Baltic
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The research covered six stationary measurement péiigts1(C). In the present
publication, we demonstrate only the results concertimee pedons of topsequence,
i.e.: Aquic Glossudalfs (P2)Typic Endoaquolls (P4) and Cumulic Endoaquolls (P6)
(Fig. 2) (SoIL TAXONOMY ... 1975). The measurements of the soil moisture in the unsat
rated zone were made once a week or once every two fe@ksFebruary 2004 to
October 2006, using FDR and TDR moisture probes. At the same time the groundwater
levels were measured.
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Fig. 2. Diagram of distribution of stationary measurement postdpe: Si summit,
S27 shoulder, Ti pediment,A i footslope soils: Poi Aquic Glossudalfs, Pg
Aquollic Hapludalfs, Dti Typic Endoaquolls withargillic horizon, Dci Typic En-
doaquolls (moderately well drained), Diw Typic Endoaquolls (somewhat poorly
drained), Dni Cumulic Endoaquolls
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Soil water retention curves of the undisturbed core samples up to 100 kPa were
made using the Multistep methodal DAM etAL. 1994, whereas lower vais of the
pressure head were performed using the method of water vapour pressure ouer a sol
tion of sulphuric acid @amMPBELL and GEE 1986 KLUTE 1986). Following this, the
RETC programmeMVAN GENUCHTEN et AL. 1991) was used to present the soil water
retenton curve in the form of the parameters of thes GENUCHTEN (1980) equation
with theMUALEM (1986) assumptiom§= 11 1/n).

Because ofhereported soil water pressure values measimradu the field capacity
(FC) are near th&10 kPa value, this valugras chosen to determine the FC, i.e. the
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upper limit of plant available water (ULPAW) and the permanent wilting point (PWP),
i.e. the lower limit of plant available water (LLPAW) was determined as the sad-moi
ture ati 1500 kPa CAsSSEL and NIELSEN 1986, MARCINEK et AL. 1997). According to
CAsseLandNIELSEN (1986),KABAT andFEDDES(1995) andMARCINEK etAL. (1997) it
was assumed that the potentially plant available water (PAW) is between FC and PWP
and the readily plant available water (RPAW) make upa2/BAW. Due to RPAW =
= 2/3PAW, the lower limit of readily plant available water (LLRPAW) was calculated
as the PWR- 1/3(FCi PWP) and th€],, at the LLRPAW was at aboufl55 kPa.

The temporal variability of soil moisture was determined using geostatisietal
ods in which the semivarianogis the basic functiorWARRICK etAL. 1986):

n(k)
I
3k=mca(di'di+k)2 1)
i=1
where:

n(k) i the number of data pairs,
d 1 the soil moisture at timie
d.« 1 the soil moisture at time+ k,
k T the temporal lg.

The spherical variogram model was fitted to the experimental variogram in order to
obtain the major temporal features of the temporal soil moisture variability. The-spher
cal model is defined according to equation:

e é o "’3ﬂ
fCy + cas’- 0sak8y k¢ a

Ok:i g a cazy (2)
iCo + C ka

where:

Co 7 random variable (nugget),
C 1 systematic variable,
a 1 correlation range

Results

The stationary measurements of the soil moisture dynamics were méuketin
posequence of Glossudalfs and Endoaquolls that is typical for the Polish Lowland. The
highest location in the analysed toposequence is occupied by Aquic Glossudalfs (Fig. 2,
Po). These soils have a well developed ochric (Ap), luvic (E) and glossic howitbns
sandy loam texture. Despite the argillic horizon being degradated in its top part (glossic),
the soils display redoximorphic features only periodically in the sandy eluvial horizons.
The sandy texture and the depth of the ochric, luvic and glossimohe have dete
mined the PAW of the ground moraine summit sollalde 1). Hence these horizons
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have low retention at FC (0.247222 ni/m® as well as at the PWP (0.066092
m¥m°) (Tabe 1). In the illuvial argillic horizon the water content at FC equals 0.293
m*/m>. This is related to the higher contents of the clay fraction and a strong subangular
blocky structure.

Typic Endoaquolls have developed in the central part of the toposequéihce
a deep mollic horizon and a cambic horizon (Bw) underlying belogv 2, Dc). This is
the section of the most intensive transport and accumulation of denudation materials.
Hence the depth of the mollic horizon in the upper section of the pedimgrdater
than in the soils that occur in its lower part. The P4 pedon, i.e. the Typic Endoaquolls, is
within the influence of the groumgter level, therefore, there are gley spots and an
accumulation of F&n concretions in the upper part of the cambicizemn. Furthe-
more, this soil displays deposit of secondary calcium carbonates and the development of
a horizon with an increasemhlcium carbonateontent (calcic) below the cambic hor
zon. The higher content of organic matter and the strong granuletuséraf the mollic
horizon in pedon P4 determine the high PAW of this epipedatl€ 1). The lowest
water content at FC (0.2173m®) in this pedon is displayed by the Cgkl and Cgk2
horizons. This could be the effect of the higddcium carbonateontens, the soil tg-
ture and the platy structure.

The lowest position on the relief within the footslope is occupied by Typic E
doaquolls which, in its final section, change into Cumulic Endoaquolls (P6) with a deep
mollic horizon Fig. 2, Dm, Table 1). The wagr content at FC ranges from 0.318 to
0.329 m/m? in this pedon (Take 1). The endopedons, i.e. the subsurface horizons, are
featured by a high water content, both at the FC as well as at the PWP.

Figure 3 presents the profile soil moisture variation ia tbposequence in compar
son to the FC. The average soil moisture during the study pdfiad/(’®) in the P2
profile was lower than the ULPAW, about to the depth of 150 cm. In the pedons that
were located lower in the relief the depth was approximataty dm for Typic B-
doaquolls and approximately 60 cm for Cumulic Endoaquolls. Higher moistuie vari
tions were observed in the surface horizons of the investigated soils than in the subsu
face horizons, where the range clearly decreased with depth and aml®@s from
0.21 to 0.28 fim® for pedon P1, from 0.18 to 0.30°m® for P4 and from 0.35 to 0.4
m*m? for the P6. This was confirmed by the values of the actual moisture variation
coefficient for three layers, i.e.: from 0 to 50 cm, from 50 t0100 cm and from 100 to 150
cm (Fig. 4). In all of the investigated pedons the highest values of this coefficegnat w
observed in the first indicated layer, whereas in the remaining layers the variation was
lower. At the same time, in the third distinguished layer the higher moisture variation
was noted in the Typic Endoaquolls (P4) in comparison with the remainidunpeOn
the one hand this could be affected by the water retention properties of the cambic and
calcic horizons and, on the other, with a periodic lack of groundwater impact on the
water dynamics in these subsurface horizons. Furthermore, below theofi@Bith cm
of these soils there were sandy layers of small thickness that, during vegetation season,
when the depth of the groundwater level was lower, cut off the capillary rise.

During vegetation seasons there were, however, periods when the soil and¢erts
were clearly smaller than the moisture at the ULPAW and this was a more apparent de
onstrationof the matric potential{,). The Q,, values presented iRigure 3 are obw
ously shifted in the direction of the LLPAVg at PWP), particularly in the gpedons.
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The highest deficiencies of RPAW were observed in the Aquic Glossudalfs (P2). The
drying up {, <1155 kPa) of this pedon reached the depth 680@m and included
the whole illuvial argillic horizon. In this pedon, down to the depth of apprately 40
cm, matric potentials below tHel500 kPa (PWP) were observed. The m€anvalue
from the measurement period responding todheat FC was observed at the depth of
150 cm (Fig. 3) and was higher than in the remaining pedons. This depth was-appro
mately 130 cm in the Typic Endoaquolls (Fig. 3) and 60 cm in the pedon thabwas |
cated in the lowest part of the relief (P6) (Fig. 3). Obvious drying up of soil was also
recorded in the Typic Endoaquolls (P4) to the depth of approximately 50 cm and to
approximately 35 (40) cm in the P6 peddsg( 3). The decreasing depth of the pre
ence of soil water deficiencies in pedons situated lower in the relief was related to the
higher impact of the groundwater level that, for the measurement period, wasron ave
age at the depth of 327 cm in the P2 soil, 220 cm in the Typic Endoaquolls (P4) and 120
cm in the pedon that was located in the lowest part of the investigated toposequence
(P6).

Figure 5 presents the temporal variability of the soil water retention icrBGsoil
layer in relation to the ULPAW and LLRPAW. The deficiencies of RPAW were express
in the Aquic Glossudalfs. These may last from June to the first decade of September.
In 2004, between the beginning of June and the end of August (and about tstthe fi
days of September), the soil water storages values corresponded to the plant unavailable
water (PUW). During this period in 2004 there were two deficiency culminations, i.e. in
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Fig. 5. Dynamics of water retention in 50 cm soil layer in relation e tULPAW (1),

to the LLEPAW (2) and to the retention at the critical pressure heétl,©68 kPa (3)

and the groundater level dynamic (4)
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