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ABSTRACT

Samples of soils and surface waters were analysed in the Sumava foothills region in nine watersheds with an area 78.5 km?
in 1986-1987 and in 2001. Lower intensity of fertilization and liming and other changes in Czech agriculture were found
to result in a decrease in the content of cold and hot water soluble carbon (C and C, ) in the soil; the content of biologi-
cally decomposable matter expressed as BOD, and BOD, of water extract of soil also decreased. The values of rate con-
stants k£ of BOD kinetics of soil suspension indicate that the most valuable fast decomposable organic matter in the soils
of this region have practically been mineralized to HCO,, which are gradually eluted from soils and their increased
amounts are present in surface waters. On the contrary, the transport of N-NO,™ decreased to 66.3% of the value in 1986,
that of N-NH," to 7.1% while the ratios C:N and N:P increased as a result of lower P elution in relation to lower N elution.
COD,, showing the proportion of readily decomposable matter increased. A decrease in conductivity, i.e. in the content
of dissolved salts in waters, was highly significant. These results warn against an optimistic interpretation of surface
water analyses that indicate positive impacts of farming intensity reduction on the landscape. The results in the Sumava
foothills region demonstrate that a major part of the most valuable components of soil productivity, decomposable organ-
ic matter, has already been decomposed, so their content in the soil has decreased. Natural sources (roots, root exudates,
plant residues) are not able to ensure an equilibrium balance of these valuable matters at a lower farming intensity.

Keywords: organic matter; relationship between soil and surface waters; interpretation of analyses; changes in farming

intensity; watershed

Political changes in the Czech society in the last twelve
years have been markedly reflected in landscape manage-
ment.

Conversion of arable land to grasslands and pastures
has been effectuated on a large scale, a decrease in cat-
tle stocks has been enormous, and that is why forage
crops have disappeared from crop rotations. Crop rota-
tions are subordinated to market economics, the tradi-
tional sequence of crops is not used any longer, and on
the other hand, the proportion of industrial crops, main-
ly rape, has increased. Fertilizer inputs into the soil have
markedly decreased under economic pressures and due
to lack of organic fertilizers.

In 1986 nine watersheds ranging from 4.900 km? to
16.838 km? in size were chosen in the area where former
Sumava State Farms pursued their agricultural activities:
the area is demarcated by the communes Trhové Sviny,
Cesky Krumlov and Rozmital in Sumava (Cesky Krumlov
district and south-eastern part of Ceské Budg&jovice dis-
trict). The impacts of agricultural activities on water qual-
ity were investigated in these agricultural areas from
chemical and hydrobiological aspects (Gergel et al. 1989).

After fifteen years, these investigations were repeated
to find out what happened in the Sumava landscape as
a result of the above-mentioned changes in agriculture.
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The composition of surface waters in this area depends
on elution processes that are influenced by sorption and
desorption characteristics of soils. Variations in these
characteristics are related to the use of agricultural land,
i.e. cultivating practices, fertilization, liming and chang-
es in microbial activity. These changes in the Sumava
region were described in detail in our previous papers
(Kolaft et al. 2000a, b).

MATERIAL AND METHODS

We carefully used the same methods as in 1986 in the
course of our investigations.

Table 1 shows the basic characteristics of the water-
sheds under study. Sampling profiles were precisely lo-
calized with the apparatus Garmin eTreex.

Hydrochemical characteristics were measured regular-
ly every fortnight.

These characteristics were determined in accordance
with the standard CSN 83 0530: pH, KNK, ,, ZNK, ,, per-
manganate demand, ammonia and ammonium ion, ni-
trates, phosphates, calcium, potassium, magnesium,
sulfates, chlorides, specific electrolytic conductivity,
solutes and undissolved substances in dry matter. Total
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Table 1. Basic characteristics of the watersheds under study

Sample Stream Area Forest Altitude Climatic Specific

(km?) percentage above sea region outflow

(%) level (m) (1/s/km?)
101 Maly Strazny 6.035 20 630-750 B10 8.59
102 Sussky 13.323 30 600-830 8.59
103 Pracovsky 8.153 30 510-650 B10 10.59
104 Moceradsky 7.308 30 630-800 B10 7.82
105 Zdikovsky 16.963 40 570-770 7.40
106 Zvikovsky 6.992 30 480-610 9.61
107 Bud’sky 7.111 30 490-690 B10 9.61
108 Popelicko-Dluhost’'sky 7.779 60 580-770 B10 11.34
109 Kondraésky 4.900 20 490-630 B10 6.18

phosphorus was determined in accordance with the stan-
dard CSN 83 0550. Nitrite nitrogen was not a part of cal-
culations in the determination of inorganic nitrogen due
to its very small amount. Nutrient ratios were calculated
from inorganic carbon [(KNK, ; + ZNK, ,).12] and inor-
ganic nitrogen (N-NH,+ N-NO,). Total phosphorus was
considered in nutrient ratios. We are aware of the inac-
curacy of C calculation from CO, concentration from the

Table 2. Water analyses

sum of KNK, ; and ZNK_ , that is feasible only if the car-
bonate buffering system is dominant in water and the
concentration of total CO, is higher than 0.5 mmol.1"".
However, comparative measurements were used in this
case.

Saprobity was determined pursuant to the standard
CSN 83 0532 from April and October samplings (Sladedek
etal. 1980).

Sample pH KNK“ ZNK&3 NRLs RLs N-NO; N-NH4+ Pmm] CODMHCOHduCtiVity ON  N/P
(mmolequiv/l) (mg/) (mS/m)

2001 101 7.70 2.02 0.14 20.70 253.10 5.32 0.020 0.135 4.90 35.5 5.07 79.04
102 7.51 0.58 0.11 22.10 122.20 4.03 0.000 0.115 6.07 15,4 2.07 62.37
103 7.57 1.04 0.12 24.90 178.70 5.02 0.005 0.141 6.24 22.5 2.82 53.42
104 7.45 0.64 0.10 18.60 118.20 3.08 0.000 0.121 5.69 14.5 2.99 44.73
105 7.31 0.80 0.14 16.00 132.10 3.35 0.070 0.136 7.11 15.1 3.37 41.29
106 7.36 0.98 0.13 21.50 275.20 9.53 0.008 0.130 5.53 27.8 1.45 103.47
107 7.31 0.70 0.11 27.80 188.20 6.89 0.004 0.103 5.24 23.9 1.44 163.49
108 7.26 0.70 0.16 43.10 138.10 2.72 0.007 0.115 5.69 16.2 3.91 39.29
109 7.22 0.80 0.10 14.90 193.60 5.42 0.024 0.115 6.69 23.5 2.37 102.73

average 7.41 0.92 0.12 23.29 177.71 5.04 0.015 0.123 5.91 21.60 2.83 76.65

standard

deviation 0.15 0.41 0.02 7.97 53.57 2.03 0.02 0.01 0.66 6.68 1.11 38.52
122 2.02 45.18 15.76 34.24 30.14 40.18 136.00 9.66 11.13 30.93 39.26 50.26

1986 101 7.60 0.11 1.47 13.77 262.77 7.46 0.148 0.120 3.88 29.30 2.49 63.39
102 6.97 0.07 0.30 9.54 182.77 6.16 0.218 0.140 4.89 171.59 0.7 45.59
103 7.28 0.09 0.65 12.15 276.77 9.11 0.367 0.210 5.06 246.97 0.94 45.14
104 7.09 0.07 0.36 30.08 168.00 3.84 0.195 0.100 4.26 128.19 1.28 40.38
105 7.29 0.08 0.43 9.08 178.62 3.98 0.250 0.120 5.45 140.71 1.45 35.24
106 7.14 0.14 0.81 20.31 438.92 9.40 0.133 0.160 4.79 302.14 1.2 59.57
107 7.03 0.07 0.30 13.31 293.23 12.03 0.133 0.160 4.03 274.23 0.37 76.01
108 7.11 0.08 0.41 12.62 172.31 5.36 0.211 0.120 4.67 160.93 1.06 46.39
109 7.05 0.09 0.50 9.92 343.23 11.06 0.234 0.130 6.67 400.42 0.63 86.9

average 7.17 0.09 0.58 14.53 257.40 7.60 0.21 0.140 4.86 206.05 1.12 55.40

standard

deviation 0.17 0.02 0.33 6.02 83.07 2.67 0.07 0.03 0.76 99.06 0.55 15.53
% 2.40 23.30 57.41 41.43 32.27 35.18 31.18 20.95 15.57 48.08 48.97 28.04

V = coefficient of variation
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Dried mixed samples of topsoils taken in accordance
with the principles of soil analyses (SA) were available
from 1986 (spring) from the watersheds of several
streams only: Moceradsky, Budsky, Popelicko-
Dluhost'sky, Zvikovsky and Kondracsky (104, 106, 107,
108 and 109). This is the reason why samples from the
topsoil layer were taken solely in these watersheds in
2001. According to SA, mixed soil samples from the par-
ticular watersheds should represent sets of 92—261 units
per watershed. Unfortunately, collection samples from
1986 were missing from some localities, so the numbers
of samples were lower. Methods of analytical determi-
nations were described in detail in 2000 (Kolaf et al.
2000a, b).

Readily soluble organic carbon compounds are natu-
rally the most reactive in biochemical processes in
soils; water-soluble carbon C_ in the soil determined in
an extract of 0.01 M CaCl, is important for assessment
of many processes influencing the soil productivity
(Vangk et al. 1997).

Degradability of organic matter in soil samples was ten-
tatively evaluated after standard inoculation of dried
samples with fresh topsoil suspension and after pre-
incubation.

Biologically decomposable organic matter in the soil is
so important for transformation through mineralization
and humification, and for the biological activity of soil
and general potential productivity of soil, that we decid-
ed to prepare 1% soil suspensions of collected soil sam-
ples in water and to study the organic part of these systems
by means of biological oxygen demand over 5 days
(BOD,) and total biological oxygen demand (BOD ) as it
is usual in hydrochemical analytics. Instead of tradition-
al Winkler’s method an oxygen electrode with oxygen-
meter OX 4-1 (Chirana) was used for oxygen
determination. BOD is defined as an amount of oxygen
consumed by microorganisms for biochemical oxidation
(mineralization) of organic matters under aerobic condi-
tions and without the co-action of photosynthesizing
microorganisms. The consumed amount is proportionate
to an amount of the present decomposable organic mat-
ter (Pitter 1981). A traditional dilution method was used.
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Figure 1. Saprobity of the tested streams in 1986 and 2001
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Most authors state that BOD kinetics is guided by the
first-order reaction kinetics:

dy
=KL =K(L-
i . =K(L-y)

where: L =total BOD
L =residual BOD
Y=BOD intime ¢
K = rate constant

The equation for BOD in time ¢ is obtained by integra-
tion from 0 to # and by further calculation: Y=L (1 — 107*)

Rate constant k is variable and it is a better way of ex-
pressing the quality of decomposable organic matters
than BOD,. The value of & is e.g. for glucose 0.87/day and
for peptone 0.74/day at 20°C, the values below 0.1/day
indicate less readily decomposable organic matters.

The value of BOD, is calculated from several values of
BOD determined experimentally in shorter time intervals;
the data are processed according to the equation for the
first order kinetics (Tucek et al. 1977).

The procedures reported by Eckschlager (1971) were
used for mathematical and statistical evaluation of the
results. The interval of reliability (1 —a)=0.95 was calcu-
lated from the equation L, , =x + t.s..

RESULTS AND DISCUSSION

Table 2 shows average values for all studied streams in
1986 and 2001.

Saprobity index is illustrated in Figure 1 showing that
water quality improved in spring in comparison with
1986, but it was a slight improvement only.

A decrease in nitrate nitrogen to 66.3% and ammoni-
um nitrogen to 7.1% of the 1986 level is very positive.
On the other hand, the value of chemical oxygen demand
COD,, indicating the proportion of readily decompos-
able organic matters increased.

The ranges of C:N and N:P ratios increased. In the
former ratio, there was an increase in the transport of in-
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Table 3. Analyses of soils in the watersheds, pH,.,

total organic carbon C
of humification D, humic acids to fulvic acids ratio HA:FA, nitrification test ¢,

active organic carbon C, ., water-soluble carbon C

carbon of basal respiration C

,» degree
microbial biomass

org’

NIT? BR?

carbon C,,, Hendrix’s index of biological activity of soil Hy,
Sample Number pH, ., COrg Chs C Sy HK: FK LN Cor Cus HBAS.IO3
of (%)  (mg/1000 g) (mg/1000 g) (%) (mg/1000 g) (mg C/1000 g (mg/1000 g)
samples dry matter/day)
2001 104 42 6.25 2.42 240 + 25 84 + 45 18 0.83 21 £ 4 12+£3 420 £ 90 28.6
106 30 6.17 2.55 276 + 32 55 +33 10 0.72 12+£3 20 £ 2 560 + 70 35.7
107 24 6.28 2.16 210 + 25 118 + 48 15 0.75 16 =4 11+£2 500 = 120  22.0
108 34 6.31 2.10 203 + 21 74 + 41 19 0.88 8+2 18 +3 605 + 190  29.8
109 14 6.14 2.31 185 + 24 51 £ 30 17 0.64 10+£3 5+1 400 + 140 12.5
average = — 6.23 2.31 223 + 25 76 + 39 16 0.76 13+£3 13+£2 500 + 120  25.7
1986 104 42 6.18 2.40 283 + 27 120 + 58 18 0.85 26 = 6 21 £5 550 + 150  38.2
106 30 6.15 2.57 291 + 32 98 + 53 9 0.70 22+ 5 19+4 600+ 170 31.7
107 24 6.23 2.12 205 + 24 103 + 41 14 0.73 24 + 5 18+5 500 + 210 36.0
108 34 6.20 2.15 240 + 30 95 £ 55 20 0.85 15+4 24 +5 600 = 150  40.0
109 14 6.15 2.20 210 + 22 60 + 37 18 0.65 11+£3 14 +3 620 = 170 22.6
average  — 6.18 2.29 246 + 27 95 + 49 16 0.76 20 £ 5 19+5 575 £ 170  33.7

organic carbon from the watershed (155.5%), in the latter
ratio a decrease in nitrogen content was faster than
a decrease on the content of total phosphorus.

Table 3 shows the results of soil analyses: variations
in Corg, C,,C,, . HA:FA ratio, humification degree, nitrifi-
cation test ¢, (Kubat and Voplakal 1994), carbon of bas-
al respiration C__, microbial biomass carbon C, ., index of
biological activity of soil according to Hendrix et al.
(1989). To determine ¢, C,, and C,,, the samples were
inoculated with an admixture of 2% standard live topsoil.

It is evident from Table 3 that in 2001, in comparison
with 1986, pH_ ., slightly increased, C,,, content did not
practically change if evaluated in percents, active soil
carbon C, decreased, water-soluble carbon C  also de-
creased, but this decrease was statistically insignificant
due to its high variability. The degree of humification D,
did not change, neither was there a change in the HA:FA
ratio. The values of nitrification test were significantly
lower because the sources of energy decreased as a re-
sult of reduction in the content of readily decomposable

organic matters; decreases were also recorded in the av-
erage values of C, and C,, and in Hendrix’s index of
biological activity of soil H, ..

These results documenting the loss of decomposable
organic matters in soils if the farming intensity was low-
er, were fully confirmed by the results of biochemical
oxygen demand of soil suspensions expressed by their
values BOD, and BOD, and the rate constant k of bio-
chemical oxygen demand as the first order reaction (Ta-
ble 4). A large difference between the values of BOD, and
BOD, and low values of k indicate that the equilibrium of
the formation and breakdown of readily decomposable
organic matters has been disturbed and these matters are
not present in the soil. It has negative impacts on further
transformations of soil organic matter, mineralization,
humification, and on the microbiological activity of soil,
sorption and utilization of soil nutrients and total poten-
tial productivity of soil. On the contrary, a view that the
content of these matters decreases at a higher intensity
of land use is accepted generally.

Table 4. Biological oxygen demand over 5 days (BOD,), total biological oxygen demand BOD, and rate constant of BOD as a reaction

of the first order

2001 1986
Sample BOD; BOD, k,/24 hours Sample BOD, BOD, k,/24 hours
(mg 0,/1000 g) (mg 0,/1000 g)
104 191 285 0.08 104 255 310 0.23
106 175 210 0.12 106 210 255 0.18
107 112 204 0.10 107 248 288 0.29
108 124 232 0.06 108 262 314 0.22
109 106 178 0.14 109 154 192 0.20
Average 142 222 0.10 Average 226 272 0.22
64% BOD, 83.1% BOD,
380 ROSTLINNA VYROBA, 48, 2002 (9): 377-381



Among other causes, a slight increase in soil pH can
result from a substantial decrease in nitrification, which
is the source of H*-ions (Pitter 1981):

2NH,+40, —2NO,; +2H"+2H0

The watershed waters have a high concentration of
HCO,", low concentration of CO, because the processes
of elution from the soil are delayed beyond the past and
present mineralization of labile organic matters in the soil.
Chemical oxygen demand COD need not result in the pro-
duction of biologically decomposable matters but only
of oxidizable organic matters. They can be e.g. low-mo-
lecular organic matters that are susceptible or little sus-
ceptible to biological oxidation. For instance, they could
be low-molecular humus acids. This proposition is con-
firmed by the higher values of COD, in surface waters
at low values of BOD,, BOD, and & in soil suspensions of
watershed soils; it should be researched in future.

This study was supported by Grant MSM 122200002
of the Ministry of Education, Youth and Sport.
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Vliv omezeni intenzity zemédélské vyroby v PoSumavi na zmény organickych latek v pidach a kvality

povrchovych vod

V podhaii Sumavy v deviti povodich potokil v izemi o plose 78,5 km? byly v letech 1986-1987 a znovu v roce 2001 ana-
lyzovany vzorky pud a povrchovych vod. SniZeni intenzity hnojeni a vapnéni a dal§i zmény v €s. zemédélstvi zpusobily, ze
poklesl obsah uhliku C_a C, v pld€ rozpustného ve studené vod¢ i v horké vodg, v plidnich extraktech poklesl obsah biolo-
gicky odbouratelnych latek, vyjadienych jako BSK, a BSK vodnych vyluhii pidy. Z hodnot rychlostnich konstant & kinetiky
BSK ptidnich suspenzi je ztejmé, ze pidy PoSumavi maji nejcennéjsi rychle odbouratelné organické latky prakticky zmine-
ralizovany na HCO,, které jsou postupné z pid eluovany a ve zvySeném mnoZstvi jsou obsazeny v povrchovych vodach.
Naopak se ukazalo, Ze odnos N-NO,™ poklesl na 66,3 % hodnoty v roce 1986, N-NH," dokonce na 7,1 %, zvysila se hodno-
ta poméru C : N a poméru N : P nizsi eluci P vzhledem k rovné€Z méné eluovanému N. Zvysila se hodnota CHSK, , vyja-
dfujici pomér lehce odbouratelnych latek. Velmi vyznamné poklesla vodivost, tedy obsah rozpusténych soli ve vodach.
Tyto vysledky varuji pied optimistickou interpretaci analyz povrchovych vod, které zdanlivé dokazuji ptiznivy vliv celko-
vého omezeni intenzity zemé&dé€lstvi v krajin€. Vysledky pokusti v PoSumavi dokazuji, Zze pro pudni urodnost nejcenné;jsi
slozky ptidy, odbouratelné organické latky, byly z vétsi ¢asti jiz odbourany, a proto jejich obsah v piadach klesl. Pro rovno-
vaznou bilanci téchto cennych latek prirozené zdroje (kofeny, kofenové exsudaty, rostlinné zbytky) pfi niz$i intenzité
zemédélské vyroby ziejme nestaci.

Klic¢ova slova: organické latky; vztah pidy a povrchovych vod; interpretace analyz; zmény intenzity zemédélstvi; povodi
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