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Abetract In the present study soil-water coefficients ks were determined and evaluation of
the influence of soil sucking pressurc on the actual yield was carried out, Relations between these co-
efficients and soil sucking pressure in the root zone are used for the calculation of actual evapotran-
spiration or actual yvield neglecting evaluation of the influence of evapetranspiration on yield.
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INTRODUCTION

Water is one of the most important factors that influences evapotranspiration
and grass yield. When water appears in the soil in abundance, evapotranspiration
and yields are maximum. In dry periods, soil moisture content measured by the
level of sucking pressure, becomes a restricting factor for evapotranspiration and,
hence grass yield. There is a close connection between yield and the amount of
water for evapotranspiration [7]. The influence of soil sucking pressure on the ac-
tual evapotranspiration (pattern 1) and yield (pattern 2) can be determined by
means of soil-water coefficients ks; and ks2 that are related to the sucking pressure
of soil water. The aim of the present study was to evaluate the influence of soil
water sucking pressure F on the level of soil-water coefficients k;; and ks2.

THEORETICAL BASIS

The influence of soil sucking pressure on the level of evapotranspiration can
be determined from the soil-water coefficients ks [4-6,9]. The above coefficients
can be determined from the following equation:

ET - ks1ET (Qmax) (1)
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where: ET - seasonal values of actual evapotranspiration in the conditions of dif-
ferentiated sucking pressure of soil water F¢ [in mm]; ks - soil-water coefficient
related to the sucking pressure of soil water F, ET (Qmax) - seasonal values of ac-
tual evapotranspiration at the maximum yield level without abundant water con-
sumption (in mm).

Polish literature on the relations between soil-water coefficients ks and soil
sucking pressure is relatively poor [5,6,8,9]. The Eq.(1) enables calculation of soil
coefficients ks for the first and second swath on the basis of ET and ET (Qmax)
values and determination of relation between kg7 and sucking pressure F measured
in lysimeters.

Plant growth consists in the transformation of radiation energy in the process
of photosynthesis into plant biomass. In the conditions of water deficiency in the
soil (ks 1.0), sucking pressure F decreases both the levei of evapotranspiration ET
and the yield level Q. If we assume identical reaction of both evapotranspiration
and yield to water deficiency in the soil, then the influence of sucking pressure F
on the actual yield level O can be calculated from the following equation:

Q = ks2 Qmax (2)

where - actual yield level in the conditions of differentiated soil water sucking
pressure F; ksa soil-water coefficients dependent on the soil water sucking pres-
sure /" and calculated in the aspect of direct influence of sucking pressure on yield;
Omax - actual yield when ks2 =1 and O=COmax.

For the evaluation of k.2 coefficients and their relation to the soil water suck-
ing pressure £, it is indispensable to get to know the 0, Omax, and F values. In the
present work an attempt to determine the values of k;; coefficients from the Eq.(1)
and k;2 coefficients from the Eq.(2) in relation to the soil water sucking pressure F
was undertaken.

MATERIALS AND METHODS

The basis for the present work are the results of studies on the sucking pres-
sure of peat-mucky soil, medium transformed soil utilised as 3-swath meadow to-
gether with yield and evapotranspiration of this meadow at differentiated depths of
dewatering. The present studies were carried out in the region of Polesie Lubelskie
in Sosnowica in the period 1977-1994. The values of sucking pressure and eva-
potranspiration taken every decade were then used for the determination of soil-
water coefficients ks in relation to sucking pressure / [9]. In the present study the
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values of sucking pressure, evapotranspiration and yield were determined for indi-
vidual swaths in the period 1977-198] at the dewatering depths of 40, 50, 60, 70,
and 90 cm; at the dewatering depths of 50, 60, 70, 90, and 100 cm in the period
1989-1994 and 70 and 100 c¢m in the period 1989-1994, as well as without ground
water and covered lysimeters in the period from June to August.

To determine the relation between the k57 and k2 coefficients and soil water
sucking pressure F, a GRAPHER software programme was used. Threshold values of
the correlation coefficient re and significance test F as given by Elandt [1] were ap-
plied. They were related to the r and F values obtained from the calculations.

RESULTS

Characteristics of actual evapotranspiration £T of a 3-swath highly fertilised
meadow, yield @ and sucking pressure F at differentiated depths of dewatering /
was limited to the mean daily values for the swaths in some chosen years, i.e.,
1979, 1987, 1992 and for certain study periods (Table 1). Actual evapotranspira-
tion £t at the maximum yield level Omax, i.¢., ET (Omax) was assumed as an index
of the highest water consumption by plants. Empirically determined values of
ET(Omax) and Qmax are given in Table 1.

Dewatering depth I influenced the value of sucking pressure F (Table I).
Mean daily sucking pressure was the lowest at the dewatering depth of 40 cm and
the highest in the lysimeters with broken capiliary rise from the saturated zone
(without ground water). The pressure in the second swath was slightly higher
when compared to the third swath due to higher evapotranspiration (Table 1). Soil
sucking pressure is a changing value that is related to the depth of dewatering and
evapotranspiration level. The above agrees with the results of model [7] and field
experiments [8].

Influence of soil water sucking pressure on the level of meadow
cvapotranspiration

The influence of sucking pressure on the level of evapotranspiration is charac-
terised by the values of ks1 coefficients calculated from the Eq.(1) and presented as
examples for the years 1979, 1987, 1992 (Table 2) and relations between these co-
efficients and sucking pressure F in the second and third swath. The coefficients
ks1-1.00 characterise dewatering depth at which actual yield Q-Omax,
ET=ET(QOmax) - Table 1. There is a supplement of water in the soil. The values of
coefficients £s<1.00 in individual swaths decrease when dewatering depth h
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T able I. Daily means of actual evapotranspiration values (ET, mm d!) for individual swaths, yields
(@, q ha'd™"y and soil sucking pressure in the 0-30 cm layer (F, hPa) at differentiated depths of de-
watering (h, cm) in some years and study periods in Sosnowica

Dewatering Year, ET in swaths O in swaths F in swaths
depth, cm Study period
40 423 431 234 092 089 045 25 24
50 395 430 237 092 089 045 31 30
50 1979 338 404 236 0.8% 100 051 49 45
70 326 335 222 0.85 093 055 188 S8
20 240 295 220 072 080 058 260 127
50 260 446 202 070 101 031 85 78
60 225 350 191 073 092 043 99 95
70 1987 246 360 1.83 08 081 033 113 75
90 205 252 156 069 042 029 258 114
100 1.54 208 132 061 048 030 295 160
70 378 506 322 082 071 036 123 85
100 1992 3090 296 1.63 058 047 011 441 323
Without 318 1L75 125 057 023 0.09 527 353
g. water
40 1977-1981 298 4,16 207 068 081 040 19 i6
50 1977-1981; 1968-1988 280 412 192 066 097 038 58 51
60 1977-1981; 1986-1988 2.45 383 190 075 093 043 70 66
70 1977-1981; 1968-1994 295 4.07 193 085 086 037 123 95
90 1977-1981; 1986-1988 230 3.2 L8B2 0469 073 0350 212 130
100 1986-1994 241 285 115 069 058 023 395 397
Without 1989-1994 272 198 139 069 034 011 540 521
g.walgr

T a ble 2. Differentiation of soil-water coefficients kyj= ET/ETma for a 3-swath meadow on the
Mtll bb in some years in relation to the dewatering depth (/, cm)

Ks2-0/Omax the dewatering level &, cm

Swath Year 50 60 70 90 100 Without ground
waler

1979 1.00 0.86 0.83 0.61

| 1987 1.00 0.83 0.63
1992 1.00 0.82 0.84
1979 1.00 0.83 0.73
I 1987 1.00 0.78 0.81 0.57 0.47
1992 1.00 0.59 035
1979 1.00
1 1987 1.00 0.96 0.82 0.69

1992 1.00 0.51 0.39
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increases. It results in a decrease of actual evapotranspiration ET due to the in-
crease of sucking pressure £ (Table 1).

The soil water coefficients ks7<1.00 and the values of sucking pressure F re-
lated to them that were determined during study period, were then assumed as the
basis for the calculation of ks;(F) relations in the second and third swath. These
relations for the second swath have the following form:

ks1 =0.9919 - 0.0008F (3)

where F - soil water sucking pressure in the root zone, in hPa.

It was obtained at the 44 degrees of freedom. This relation is characterised by
the correlation coefficient r =0.7708 and the values of significance test /" - 68.1.
The threshold values of the correlation coefficient rq- 0.3725 and significance test
Fu=7.24 are lower than the calculated ones. Hence, this relation is significant. It
can be used for the evaluation of ks coefficients in the second swath on the basis
of sucking pressure F in the range from 21 to 723 hPa and for the calculations of
actual meadow evapotranspiration £T on the basis of ET(Omax) that was 4.1 mm
d™! on the average (Table 1) and ks coefficients in the range of F values given
above. The ks;(F) relations for the third swath are as follows:

ks; =1.0206 - 0.0010 F. 4)

It was obtained at 32 degrees of freedom. This relation is characterised by:
correlation coefficients r - 0.8248 and r4=0.4475 and significance test F-73.5 and
Fo-7.50. This relation can be useful in the evaluation of ks; coefficients in the
third swath on the basis of sucking pressure F in the range from 14 to 790 hPa. It
can also be used for the evaluation of actual meadow evapotranspiration in the
third swath on the basis of ET(Qmax) of 1.8 mm d"! on the average (Table 1) and
ks coefficients in the F range from 14 to 790 hPa.

The values of ks; coefficients calculated on the basis of Eqs(3) and (4) at the
sucking pressure F of 400 hPa are 0.65 and 0.62, respectively. They differ in their
values, which confirms a significant influence of £7 (Omax) on the relation pattern
ks 1(F) according to earlier studies by Feddes et al. [3].

Influence of soil water sucking pressure on the meadow yields

The influence of sucking pressure  on the meadow yields are characterised
by the values of ks2 coefficients calculated from the Eq.(2} and presented as exam-
ples for the years: 1979, 1987, 1992 (Table 3) and relations between k52 coefficients
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Table 3. Differentiated levels of soil-water coefficients k;2 -Q/Omax for the 3-swath meadow in
the Mi H bb soil in some years in relation to the depth of dewatering {#, cm)

K-/ Omax the dewatering level i, cm

Swath  Year 50 60 70 90 100 Without ground
- st Mo waler
1979 092 078
1 1987 100 097 100 083 073
1992 1.00 0.71 0.69
1979 100 092 080
I 1987 100 092 080 041 048
1992 1.00 0.67 0.32
1979 1.00
n 1987 100 075 068 070
1992 1.00 0.32 0.25

and sucking pressure F in the second and third swath. The k> coefficients equal to
1.00 characterise such a dewatering depth 4 at which Q-Omax. In the above condi-
tions there is abundance of water in the soil. The ks2 values <1.00 in the individual
swaths decrease when the depth of dewatering increases. It results from the re-
strictions of @ yields imposed by sucking pressure F (Table 1). The soil-water co-
efficients k52<1.00 and the values of sucking pressure F related to them that were
determined during study period were then assumed as the basis for the calculation
of ks2 (F) relations in the second and third swath. These relations for the second
swath have the following form:

ks2 = 1.0007 - 0.0009F. (5)

It was obtained at the 44 degrees of freedom. This relation is characterised
by the correlation coefficients +=0.7501 and re=0.3725 and the values of the
significance test F-56.6 and F=7.24. This relation is then significant. It can be
used for the evaluation of 4s2 values on the basis of sucking pressure £ in the
range from 21 to 723 hPa and for the calculation of actual yields Q on the basis
of maximum yields Omax that are 0.97 q ha'td™! (Table 1) and the values of &2
coefficients in the F range given above. This relation takes the following form
for the third swath:

ks2=0.9673 - 0.0008F. (6)

It was obtained at the 32 degrees of freedom. This relation is characterised by
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the correlation coefficients r=0.6711 and ry=0.4475 and the values of significance
tests of F=26.2 and F=7.50. Hence, this relation is significant. It can be applied
for the evaluation of ks2 coefficients in the third swath on the basis of F sucking
pressure in the range from 14 to 790 hPa and for the calculation of actual yields @
on the basis of O-Omax that are 0.50 q ha'd™! (Table 1) and the values of ks2 coef-
ficients in the F range given above.

The k52 coefficients calculated from the Egs(5) and (6) at the sucking pressure
F=400 hPa are the same and equal to 0.64. It means that the level of maximum
yield is not a differentiating factor for the relation pattern ks2 (F). The values of
ks1 and ks2 coefficients calculated from the Eqs(3) and (5) at the sucking pressure
F=400 hPa are 0.65 and 0.64, respectively. The values of these coefficients as cal-
culated simultaneously from the Eqs(4) and (6) are 0.62 and 0.64, respectively. It
means that the influence of soil sucking pressure on the level of evapotranspiration
and yield is only slightly different, which is basically in agreement with the stu-
dies by Labedzki [6] and Feddes [2]. The hypothesis that yield is a function of ac-
tual evapotranspiration [7] is then confirmed.

CONCLUSIONS

On the basis of analysis of the results obtained and calculations carried out, we
can draw the following conclusions:

1. Soil-water coefficients ksj=ET/ET{Omax)} and determined in this study and
relations between these coefficients and soil sucking pressure in the second
{Eq.(3)) and third (Eq.(4)) swath can be used for the evaluation of actual eva-
potranspiration of the meadow on the basis of evapotranspiration level at the
maximum yield (Table 1) and ks coefficients in the sucking pressure range from
21 to 723 hPa and from 14 to 790 hPa, respectively.

2. The soil-water coefficients given in this study ks2 - ¢/Omax and relations
between these coefficients and soil sucking pressure in the second (Eq.(5)) and
third (Eq.(6)) swath can be used for the evaluation of actual yields on the basis of
maximum yield (Table 1) and &s2 coefficients in the sucking pressure ranges from
21 hPa to 723 hPa, and from 14 to 790 hPa, respectively.

3. The relations (3), (4), (5), and (6) presented in this study are relevant for the
2-swath meadow on the peat-mucky soil determined as Mt II bb. They can be used
for the evaluation of the actual evapotranspiration level and yield value in the
moist water logged habitat determined as Pb.
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