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ABSTRACT: The paper presents the results of 3 year investigations performed by
a group of workers on the transfer of carbon through two trophic chains — the detritus chain
and the grazing chain. The investigations were performed on two areas of a pasture differing in
the amounts of organic fertilizers applied. 86% of the field layer plant production was found to
be used by sheep. A very large part of the consumed mass returns to the ecosystem in the form
of manure which decomposes much faster than unprocessed dead plant matter. Coprophages
play an important role in the process of manure decomposition. After isolation from these
animals the rate of manure decomposition decreased by almost one-half. In the soil manure
causes an increase in the intensity of mineralization processes (increase of the biomass and
respiration of several groups of soil organisms) as well as of humification processes (an increase
in the production of earthworm coprolites and the abundant development of related bacteria).
Intensive application of organic fertilizers was found to lead to simplification of the structure
-of the plant community and of several animal associations (Lumbricidae, Formicidae, Acarina).
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1. INTRODUCTION

The investigations discussed here were performed in the years 1969—1971 by a group
of persons mainly from the Department of Grassland Ecosystems (Institute of Ecology)
with collaboration of the Institute of Soil and Agriculture Chemistry (Warsaw Agricul-
tural University) and the Department of Animal Evolution and Ecology (Warsaw Univer-
sity).

The aim of these investigations was to examine the main pathways of energy flow in
pasture ecosystems differing in intensity of manuring and to monitor the whole process
of changes which occur in an ecosystem directly after application of manure. An attempt
was made to evaluate the energy flow through two trophic chains: (1) the detritus chain
which includes the part of primary net production which remains in the pasture, is not
used by herbivores and undergoes dying and decay, and (2) the grazing chain — or the
subsequent stages of degradation of energy taken up by herbivorous animals.

An attempt was made to make the energy budget in the ecosystem and to oppoue the
amount of organic mass produced to the processes of respiration of organisms involved in
the subsequent stages of degradation. It is important to stress that not only the effects of
the transfers but also the organisms causing them were examined.

The experiment were performed on sheep pastures in the mountains of the Male
Pieniny range in southern Poland located 700 m above sea level and occupying an area
which was previously cultivated.

The soil of these pastures was mainly formed from weathering of flysch rocks charac-
teristic for the Carpathians. These are brown pseudogley soils with low amounts of
available nitrogen and phosphorus. These pastures are included in the association Lolio-
-Cynosuretum cristati (I raczyk and Kochev 1974). More detailed data are given
in Table [ (Czerwinski and Tatur 1974a,Kostuch and Kuc 1973).

Tab. 1. General characteristic of the investigation area

Slope of sites — 5°, exposition — southern, grazing season — May-Sept., average air temperature in
1970 — 5.7°C, average air temperature in the grazing season — 12.9°C, average soil temperature
in the grazing season — 13.8°C, total rainfall in 1970 — 1160 mm

Soil properties
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The investigations were performed on areas of the pasture which differed in intensity
of manuring and the length of time which passed since the moment of manuring (pen-
ning-up sheep). The area on which most of the investigations were concentrated, the
so-called Owcza Droga (Sheep Way — site P) was constantly fertilized with small doses of
about 2.4 g d.wt./m?/d (360 g d.wt./m?/season) during the daily passage of sheep. This
corresponds to about 90 kg N/ha. Other areas on which sheep were penned-up were
fertilized with large amounts of manure during ashort period of time — about
170 g d.wt./m?/d for 3 days(Olechowicz 1974) and subsequently after the passage
of several weeks were supplied with the same doses of manure as the previous ecosystem
(about 650 g d.wt./m?/season). The process of penning-up sheep is repeated in the same
place every 3 years.

The paper thus contains the comparison of two differently manured areas of a pasture
in respect to the amount of carbon stored as plant production and its rate of flow.

The subsequent stages of the succession of organisms in the manure which takes place
during several months from the manuring of the pasture is also presented.

2. THE TRANSFER OF CARBON
IN A MODERATELY FERTILIZED ECOSYSTEM

2.1. Detritus food chain

The quantitative picture of the flow and retention of carbon at particular trophic
levels in an area of pasture with relatively little manuring (site P) is presented in Figure 1.

The C: content in meadow plants was taken as 42% dry mass (Cummins 1967,
tawacz unpubl.).

The net primary production was found to be 320 g C/m?/year. Of this 81 g is pro-
duced by roots and belowground shoots and 239 g by the green parts of plants. The
production of the above-ground parts is three times higher than that of the belowground
ones according to these calculations (Andrzejewska 1974, Plewczynsk a-
Kurag 1974). |

The given value for the production of roots and belowground shoots corresponds to
the difference between the maximal and minimal state of the biomass during the season.
This value describes the minimal rather than the real production but due to the great
difficulty in estimating the production of perennial meadow plants this method is com-
monly used (Kucera, Dahlman and Koelling 1967, Kotarnska 1970,
Sims and Singh 1971). The period of functioning of the main root mass de-
termined by the method of Dahlman and Kucera (1965) is for this method of
evaluating production approximately 3 years. Similar values are given by other authors
who use this method of estimating production, however, Speidel and Weiss (1971)
found much shorter periods using the method of direct observation of growth.

The whole below ground plant material was divided into two fractions — the so-called
morphic fraction consisting of particles not smaller than 2 mm and the small detritus

16 — Ekol. pol., 22, 3/4
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Fig. 1. Transfer of carbon is pasture ecosystem. Site P. Estimates for top 0—5 cm of soil, data for the

.year 1970 (based on Andrzejewska 1974, Breymeyer 1974, Czerwinski,

Jakubczyk and Nowak 1974, Olechowicz 1974, Plewczyniska-Kuras
1974, W asilewska 1974, Now ak 1975, Zyromska-Rudzka unpubl.)

Transfer — g C/m*/season, compartments — g C/m?/season, R — respiration — g C/m?/season, L —
Weight loss (respiration + production) — g C/ m? /season, ANP — green plant net production

fraction with particles 0.25—2mm (PlewczyriskaKuras 1974). The morphic
fraction was sorted into parts of root and of shoot origin and an attempt was made to
separate living and dead material. The content of organic matter in the detritus fraction
was determined by ignition at 600°C. In the last fraction it was too difficult to separate
dead and living material which may have contributed to some underestimation of the

living mass of the roots.

The average root biomass is relatively very large (173 g C/m?) which is much higher
than the biomass of the above-ground parts which is 26 g C/m?, that is 6 times lower.

In this work only the top 0—5cm layer of the soil was analyzed. In this layer
living matter is concentrated. It contains about 80% of the root mass and all of the nodes
of propagation (average biomass 31.0 g C/m?) and belowground shoots (45 g/C/m?).

The detritus content in the soil is also very high, higher than that of morphic parts and
is on the average 319 g C/m? in the top 5 cm layer of the soil PlewczynskaKu-
ras 1974). 2 :
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The estimation of the cost of respiration of the main groups of soil organisms which
participate in the decomposition of dead plant material is based on the data on the mean
biomass of organisms occurring in the examined area (Jakubczyk 1974b, Z yr o m-
ska-Rudzka 1974, Wasilewska 1974, Nowak 1975). These data were
multiplied by appropriate respiration coefficients characteristic for each of the groups
taken either from our own investigations or from the literature with correction for
temperature (Jensen 1936, Berthet 1964, Luxton and Thomas 1972,
Wood and Lawton 1973, Wasilewska 1974, Nowak 1975).

In these calculations not all organisms were taken into account, but this does not seem
to have any significant effect on the result obtained as just two of the groups taken into
consideration — earthworms and microorganisms make up over 90% of the biomass of soil

organisms (Tab. II).

Tab. II. Biomass of soil invertebrates and bacteria after manuring (mg d.wt./m?)

(data after Delchev and Kajak 1974, Takubczyk 1974a, 1974b.
Petal 1974, Wasilewska 1974, Nowak 1975)

Sheep-fold

Elateridae

Herbivores

Nematoda

Earthworms 45 x 10° 20.60 x 10°
Decomposers $30.
b‘“’““‘i‘“‘-f"mg 0.5 x 10° 0.92 x 10°
actena
| ——
| Nematoda 76.2 21.0
Predators Ants 523 3.5
Spiders 4.2 2.6
-
Elimination of earthworms
: 22 13
In per cent S — ———

The respiration of soil organisms amounts to 38 g G/m?/year. Of this 30 ¢ C/m?/year is
used by microorganisms and the remaining 8 g C/m?/year by saprophagous animals
(Fig. 1). This is a small value compared with the yearly influx of dead material which is,
as was presented above, at least 120 g C/m?/season.

If the given ecosystem is in a steady state this of equilibrium this means that the influx
substances is counterbalanced by processes of decay and the dispersion of energy in the
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process of respiration almost counterbalances the influx of dead organic matter. With this
assumption the respiration of soil organisms during 150 days of activity would be
0.8 g C/m*/d instead of the 0.27 g C/m?/d calculated previously (Fig.1). Such high
values reaching up to 1 g C/m?/d were obtained in the measurement of soil organism
respiration in fertile mown meadows of the Arrhenatheretum type (Reuss 1971,
Tesarovd and Gloser 1972, Kubicka 1973). As the biomass of the or-
ganisms in the examined area is smaller than in meadows of this type it seems justified to
assume that the values of respiration were not underestimated and that accumulation of
organic matter in the soil is to be expected. In quoting data on the intensity of respiration
of soil organisms it was taken after Kubicka (1973) that root respiration is 40% of
the respiration of the whole soil monolith.

According to data given by Klapp (1962) an increase of organic substance in
meadow soil is a normal phenomenon both in exploited and in natural unexploited areas
such as prairies and steppes. Similarly data given by R eic hle (in press) about prairies
indicate that respiration of heterotrophs constitutes about 1/3 of the influx of plant
material.

In recent large scale American experiments on of the flow of energy in grassland eco-
systems it was shown that in most plant communities (14 out of 18 examined) the net
production is greater than the decomposition and thus accumulation of organic matter
takes place (Lewis 1971, Sims and Singh 1971). This is the case at least during
the growing season. In those investigations only the growing season, in some cases very
long (260 days) was taken into consideration. In about 1/3 of the examined grassland
ecosystems the accumulation was considerable and exceeded 25% of the net production
(29.5-57.0%). It thus seems probable that even during the whole year the decomposition
does not counterbalance production.

The large content of detritus in the soil of the pasture in Jaworki which exceeds the
influx of material two times (Fig. 1) indicates that the retention of a considerable part of
the dead plant material does occur in the soil.It is a confirmation that at least during the
vegetation season the influx of material into the soil is greaier than its decay.

It is estimated that 17 g C per year passes from the soil detritus into the humus as
aresult of the activity of earthworms (Czerwinski,Jakubczyk and Nowak "

1974). This amount is the excess of carbon content in coprolites which are produced
during the year by earthworms over the average C content in the soil. The organic content
of coprolites is similar to that of soil humus. Thus as a result of the action of earthworms
about 7% of plant production is transformed into humus. This is probably not the only
way of changing detritus into humus but it is at least one of the most important. In
coprolites the processes of microbiological changes are faster and more intense than in
control soil without earthworms (Czerwinski, Jakubczyk and Nowak

1974).

The following are characteristic for the detritus food chain in a pasture: (1) it is based
mainly on the belowground plant mass; (2) the content of both living and dead parts of
plants in the soil is relatively large (537 gC/m?) as compared with the influx
(120 g C/m?/season); (3) earthworms (4.5 g d.wt./m?) and bacteria (0.5 g d.wt./m?)
dominate in respect to biomass among the soil organisms; (4) processes of humus forma-
tion appear to be intensive; (5) respiration processes do not seem to counterbalance
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production processes and thus accumulation of organic matter in the soil takes place
during the growing season.

2.2.The grazing food chain

Sheep were, of course, the main component of this chain. The consumption of plants
by insects and other invertebrates is much smaller in a pasture thanin meadows. The
biomass of insects feeding on the above-ground parts of roots is only of the order of seve-
ral mg/m?. The biomass of belowground herbivores (Nematoda, Elateridae) is consider-
ably greater — jointly 277 mg d.wt./m? (Tab.I[I) (Andrzejewska 1974, Bre y-
meyer 1974, Wasilewska 1974).

Production of the above-ground parts of plants and the consumption by sheep were
determined by measuring the biomass of plants-under wire cages protecting the grass from
sheep and on neighbouring areas grazed by sheep. The samples of plant material were
collected every 4—6 weeks after which the cages were moved to other places. The con-
sumption by sheep was determined as the cumulative value of differences between the
green biomass in protected and grazed areas and the production was defined as the sum
of sheep consumption, green plant biomass in the spring before grazing was started and
the mean standing crop of this year dead mass (Andrzejewska 1974).

The production with moderate manuring (site P) was 554 g d.wt./m?/season, and
about two times higher (1057 g d.wt./m?/season) with intense manuring (site F). The
values obtained fit in with data for the production in mountains.

In the same plant community in Jaworki on experimental fields of the Institute of
Land Reclamation and Cultivated Lands 400—495 g/m? of hay were obtained from
amown meadow (Kopec and Kostuch1966, Kostuch and Krdl 1966,
Treter and Walewski 1971) while 678—-753 g/m* were obtained when rational
mineral fertilization was applied (Kostuch 1966, Treter and Walewski

1971). :

In a similar meadow in Beskid Sgdecki (Festuca rubra L. and Agrostis vulgaris With.
dominant, i.e. the same as in the Pieniny pastures) located at the same levei 421 g/m” and
765 g/m? were obtained respectively from unfertilized and fertilized (mineral fertilizeu,
plots(Filipek and Skrijka 1973).

These values are similar to the ones we obtained taking into consideration that the
yield of hay is only a part of the total production of the above-ground parts in which
besides the yield the biomass of plants remaining in the field after the harvest (or grazirg)
and the mass of plants which die before the removal are taken into consideration. These
parts which are not taken into consideration when only yields are considered amounted
to 117 g dry mass in site P.

The consumption by sheep is a large percentage of green mass produced — over 80% of
the above-ground production which is 206 g C/m*/season. A considerable part of the
consumed plant mass returns to the ecosystem in the form of faeces. On site P the amount
- of manure per year was 144 g C/m? or 70% of the plant mass consumed by the sheep.

The last value should not be taken as the digestibility index of the plant material by
sheep. The distribution of manure in particular parts of pasture area is uneven and only
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the data on the distribution of the manure on the whole area could be used to calculate
the degree of digestibility. This, however, was not included in the aims of the present
work.

In one month duration experiments on the disappearance rate of manure (Ol e ¢ h o-
wicz 1974) it was indicate that the weight of the manure at first decreases quickly
for about 10 days and then the rate siows down (Olechowicz unpubl.). After 1 month
32% is mineralized. The experiment did not change the conditions of the habitat, it
changed only one factor — the accessibility of manure for sheep trampling, which may
tread down dungs, and contribute to their crumpling and mixing with the soil.

The results obtained in experiments allow an estimation of the rate of weight decrease
of manure during the first 30 days of its presence in the pasture to be made. At this
period the decrease in the weight of manure is known to be about 1/3 of the initial mass.
However, the disappearance rate in successive weeks is not known.

An assumption was made that the decomposition rate in the pasture lasts for one more
month that in the experiment and that all decomposition processes in the pasture cease at
the end of October. This two month period of disappearance of manure was assumed on
the basis of the statement that the rate of disappearance of manure depends on the
-amount of incoming manure (Kietpinski, Karkoszka and Widniewska

1958). Thus the disappearance of manure in site P should be quicker than in site F
where the whole area is covered by it. The disappearance of the main mass of manure
from the area where sheep were penned-up was found to take 3—4 month (Jakub -
czyk 1974a). Thus we assumed on the basis of the experiments of Olechowicz
(1971) and the data on the disappearance of manure from areas which had been used for
penning-up sheep (Jak ubczyk 1974a) that the disappearance of manure from the
surface of the pasture takes longer than 1 and less than 3 months.

The process of disappearance of the manure was described by the equation:

N =N eHt
t o

where N, — amount of manure at the end of the growing season, V| — input per year, u
— coefficient of rate of disappearance, t — time (in days).

u is a value calculated on the basis of experiments, it varies depending on the stage of
aging of the manure.

On the basis of these assumptions it was calculated that 108 g C contained in the
manure undergo mineralization and 36 g C pass into the soil. |

As was observed in the experiments that coprophages — Diptera and Scarabaeidae play
an important part in the processes of decomposition. In experiments in which isolation
from these was used (by introducing steelon gauze covers) the disappearance rate was
much slower. During one month only 13% instead of 32% underwent mineralization
(Olechowicz 1974). The intensity of disappearance caused by microorganisms was
evaluated on the basis of the difference of the rates of weight decrease of manure isolated
and accessible to animals. This evaluation must be treated as only an approximation as 1t
is based on the assumption that the activity of bacteria is the same in the presence and
absence of coprophages while it was shown in a series of special experiments (Brey -
meyer, Jakubczyk and Olechowicz 1975) that the presence of animals
changes microbial activity.
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On the basis of the described one month long experiments (Olechowicz 1974) it
was found that 73% of the total decrease in the weight of the manure was caused by
respiration of organisms. 31.5% was due to respiration of coprophages and 41.5% to
respiration of bacteria. The remaining 27% constitute insect production in the manure

(Olechowicz unpubl.).
Another type of activity of organisms which is worth mentioning is the bringing of
manure into the soil by adult Scarabaeidae. The intensity of this process was estimated as

18 g C/m?/season (Breymey er 1974).
The decomposition rate of manure in the pasture is faster than that of dead plant

material.

Tab. III. Rate of mineralization of manure and plant matter

Rate of mineralization

i Auth
Type of material s e uthors
(days) (mg/g)
Manure:
Botiae face 13 200 Mac Diarmid and
AT 30 310 Watkin (1972)

Sheep faeces in the habitat 13-15 200-210
Lolio-Cynosuretum cristati 30 ' 320

Olechowicz (1974)

Dead plant material in communities:

Lolio-Cynosuretum cristati 30 190 Andrzejewska (1974)
Spartina alterniflora 30 - 220 Odum anddela Cruz(1967)
Serratuleto-Festucetum 30 135 |
Glatiola officinalis-Carex praecox 30 135-150 | Jarklov 4 (1972)

Glycerietum maxime 30 165 |
Stellario-Deschampsietum 30 144 Jakubeczyk (1971)

Arrhenatheretum elatoris 30 249-420 Fomnicki and Band o-
ta (1967)
Jakubeczyk(1971)

The decomposition rate of various meadow plants and manure: was compared on the
basis of the literature (Tab. III). The greatest amount of data of this type come from fo-
rest ecosystems and concern a longer period, namely a year. However, as the experimental
data obtained by us only include 1 month periods the rate of decay was only taken for
such periods. Data for grassland ecosystems only are given.

The quality of the used material — its chemical content, degree of decay and climatic
conditions — have a considerable effect on the Jecomposition rate. The differences in
climatic conditions are hard to take into consideration as they are not always given in the
papers. However, it may be assumed that the conditions of decay of plant material were
not in general worse than the conditions of manure decomposition, and still the decom-
position rate of dead plants was in general slower (Tab. III).

The rate of disappearance of plant material in an investigated pasture is also slower
than the disappearance of manure. The rate of the former process was based on data on
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the decrease in the amount of dead plant matter in successive above-ground plant samples
taken from April until the beginning of August, i.e. in the period during which no input
of dead plant material in the field was observed (Andrzejewska 1974).

In laboratory experiment performed by Sauerbeck (1968)and Flo ate (1970)
manure was found to decompose more slowly than plant material due to the higher
content of easily decomposed sugars in plants than in manure.

However, in these experiments fresh plant material and not dead, partly leached plant
material found in meadows was used. Moreover, there were no coprophages in the manure
used for experiments and these, as has been shown by several workers, greatly accelerate
the process of decomposition) Bornemissza 1960, Olechowicz unpubl.).

Many datz suggest that the presence of manure accelerates also the decomposition
rate of dead plant matter. |

The data of Zlotin (1971) which indicate that the addition of excrements of
Tortrix viridana distinctly speeds up the leaves decomposition and that the excrements
themselves decay completely within two months are of interest.

Another measure of the fast rate of manure decomposition may be the fact that the
amount of manure remaining in the pasture is relatively very small in comparison with the
amount coming in. The ratio of incoming to remaining manure is 36 : 1. This ratio
indicates the rate of dispersion and fragmentation of manure rather than its mineraliza-
tion but a similar index applied to the rate of disappearance of dead plant matter (ratio of
plant mass dying during the year to the content of dead mass in the above-ground sward)
is 1.6 : 1. The ratio of influx of dead plant matter into the soil to the content of detritus
in the soil is much lower, 0.4 : 1. Thus the processes of plant decay taking place in the
soil and above-ground are also slow in comparison to manure decomposition.

The above-mentioned data indicate that manure is not only decomposed faster than
dead plant material but also that the influx of manure may accelerate the rate of plant
decomposition and cause an intensification of mineralization processes in the soil.

The experiments have shown that animals play an important part in the decomposition
processes of manure. The total respiratory activity is of the same order as that of bacteria,
which is different than for the soil in which invertebrate metabolism constituted 21% of

total heterotroph respiration.

‘3. PROCESSES OF CARBON TRANSFER
IN AN INTENSIVELY MANURED ECOSYSTEM

The scheme of carbon flow in the area of pasture used for penning-up sheep in the
previous year is much less complete than the previously discussed flow for site P as no

measurements of belowground plant biomass were estimated.
The production of the above-ground parts of plants is, as was previously mentioned,

approximately two times greater than in the pasture area not used for penning-up sheep
(Fig.2) (Andrzejewska 1974) and about three times greater than in the area un-
grazed (Traczyk and Kochev 1974, Czerwinski et al. 1974). The con-
sumption by sheep is, similarly as in the area not used for penning-up sheep, over 80% of

the production of green parts of plants.
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Fig. 2. Transfer of carbon in pasture ecosystem one year after penning-up sheep. Site F

For explanations see Figure 1. (Basedon Andrzejewska 1974, Czerwinski, Jakub-
czyk and Nowak 1974,Czerwinski and T atur 1974b, Jakubczyk unpubl., Now ak
1975. Wasilewska 1974, Zyromska-Rudzka unpubl.)

The activity of root-eating herbivores was more intense in this area. The biomass of
herbivorous beetles of the family Elateridae increased four times (Tab. II).

The saprophages also were more active. The total respiratory activity of soil organisms
increases four times in comparison with the previously described area. The biomass of
earthworms increases to the same extent and that of bacteria twice. The proportion
between input and decomposition of matter appears to be altered due to the considerable
activity of saprophages. If we assume that the root system increases to the same extent as
above-ground parts of plants as a result of penning-up sheep (what seems to be a reason-
able assumption) the production and input of dead plant matter would be two times
greater than before penning-up sheep while the respiratory processes increase 4 times as
compare with site P. It is thus to be expected that detritus will not remain in the soil for
a long time as happens in the poorly manured pasture.

In this intensively manured area the formation of humus was greatly increased. The
intensity of this process measured as previously by the production of coprolites by
earthworms increased about five times. This process was 18% of the above-ground plant
production.

Thus in this rich habitat an increase in the biomass of consumers of plant material
(both dead and living) was observed together with a decrease in the biomass of both soil
and above-ground predators (Tab. II). Predator pressure on earthworm population tend to
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be reduced (Nowak 1975). Probably the reducing of predation is a general process
and not only a process concerning earthworms in which alone it was studied, because the
general decrease of biomass of predators was observed.

Penning-up sheep influence the community diversity. The number of species in the
herbage did not decrease but the degree of domination of several species increased, which

resulted in eveness of the vegetation. Over one-half of the plant biomass was formed by
three species — Festuca rubra (23%), Agrostis vulgaris (20%) and Festuca pratensis Huds.
(12.5%). Before penning-up sheep the dominant species constituted only about 30% of
the biomass. The participation of grasses in the herbage increased and that of leguminous
plants decreased (Czerwirnski etal 1974).

A similar process of uniformization of the community was observed in earthworm
populations. The domination of Allolobophora caliginosa (Sav.) increased as a result of
penning-up sheep from 39 to 74% (Nowak 1975). The tendency to uniformize
based on a decrease of the number of species was also observed in Formicidae (P¢tal

1974) and Acarina populations (ZyromskaRudzka 1974). B

Thus in the intensely manured area plant production and processes stimulating this
production became more intensive. Mineralization of dead matter and humification
processes increased and processes preventing decomposition such as predation on sapro-
phages, fungi and bacteria became weaker. This is indicated by the smaller biomass of
predators and the lack of an increase of the number of fungi- and bacterivorous species of
Acarina and Nematoda in spite of an increase in their food resources.

4. SUCCESSION OF ORGANISMS CAUSED BY MANURING

Subsequent stages of succession taking place in the manure and soil during several sub-
sequent months starting from the moment in which manure was introduced into the eco-

system, were observed.

[nvestigations on decomposition rate in general concern chemical or mass changes of
material. In our investigations we also took into consideration changes in the world of
living organisms.

The investigations of manure were performed on areas of the pasture where there was
a small permanent input of manure (site P) and the soil investigations were mainly per-
formed in the area which was used for penning-up sheep thus where one large influx of
manure was implied. The range of the occurring processes is so large in the penning-up
area that it is much easier to observe subsequent soil changes here. The character of the
processes is probably similar in both examined areas. For the sake of easier comparison of

manure with soil the data on the biomass of organisms are presented per 1 cm® substarte.
The decomposition rate of manure increases between the 3rd and 10th day and then

tend to become much slower (Fig. 3) (Olechowicz unpubl.).

Manure during the first few hours of lying in the pasture is the domain of ammoni-
fying bacteria. They constitute about one-half of the mass of manure. Their number
‘gradually decreases from 3.54 x 10'%/cm? on the third day to 1.87 X 101%/cm?® manure

after three weeks (Fig. 4).
Adult Diptera appear on the manure almost at once, but they do not feed on it, only

lay eggs.
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Welght of sheep faeces(g)

035 1 15 30
Successive days of experiment

Fig. 3. Disappearance rate or sheep faeces in P site (after Olechowicz unpubl.)

Mean data for 5 monthly experiments performed May to September. 10 dung portions were analysed
at every time point. 1 — 1970, 2 — 1971

Co

NS

Number of bacteria =70 7°
per em® of rmanure

Y
~~\

mq fem” of manure

Days of. exposure

B Fig. 4. Changes in number of bacteria and invertebrate biomass in sheep faeces in 30 days of dung
exposure in P site. Data for 5 experiments carried out since May to September in 1970 (after
Jakubczyk 1974a, Olechowicz 1974)

A — organisms abundant mainly in first ten days of exposure, B — organisms abundant mainly be-
tween 10-th—30-th day of exposure, I — Scarabaeidae, 2 — Diptera larvae (group 1), 3 — Bacteria,
4 — Scarabaeidae larvae, 5 — Diptera larvae (group Il), 6 — Lumbricidae + Enchytraeidae
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During the first day adult Scarabaeidae beetles occupy the manure. These are espe-
cially numerous during the first 3 days, especially on the second (Fig. 4).

During the first days larvae of Diptera hatch from eggs laid by members of the so-called
Ist group (Anthomyidae, Scathophagidae, Sepsidae, Borboridae) which attain their maxi-
mum biomass on the 3rd day and emerge between the 6th and 10th day of the duration
of their life cycle. Their place is taken by the 2nd group of Diptera larvae (Chiro-

nomidae, Cecidomyidae, Sciaridae, Psychodidae) and larvae Scarabaeidae. The biomass of
these groups increases between the 5th and 10th day of the manure presence in the
pasture and then remains constant.

In the last period of the experiment the biomass of Oligochaeta — Lumbricidae and
Echytraeidae increases gradually; the maximum biomass of these animals is observed after
30 days (Fig. 4).

The average dry mass of the animals in the manure was 3.8 mg/cm® in 1970 and
1.57 mg/cm? in 1971. Scarabaeidae — adults and larvae — constituted 70% of the animal
biomass (Olechowicz 1974).

The process of penning-up sheep leads to the covering of the surface of the pasture
with alayer of manure which causes chemical destruction of 75% of the vegetation or
trodding of the plants by sheep. About 100 days are necessary for the regeneration of the
plants(Czerwinskiand Tatur 1974b,Czerwinfiski etal. 1974).

A considerable increase in the content of minerals takes place in the soil after penning-
aup sheep. During the first days an increase in nitrogen and potassium content was
observed. These come mainly from urine of sheep. Betwen the 12th and 30th day after
penning up the maximum content of nutrients N-NH4, K,0 and P;05 — was observed
(Fig. 5). After 30 days after penning-up the maximal sorptive properties of the soil due to
progressive concentration of nutrients from decomposed manure and passing of organic
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Fig. 5. Effect of decaying sheep faeces on nutrient content in top 0—5 cm of soil (after Czerwin-
ski and Tatur 1974b)

1 — K;0, 2 — NHg, 3 — P,04; *(asterisk) indicates the upper limit of sensitivity of the method
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substances into the soil was observed. The nutrient passage into particular layers of the

soil is very differentiated. The tendency of an increase in mineral components was the

most strongly marked in the top 0—2 cm soil layer, weaker and later in the next 2--5 cm

layer and slight or not at all deeper than 10cm (Czerwinski and Tatur
1974b).

The maximal disappearance rate of manure was observed in the period of maximal
biomass of organisms, i.e. between the 3rd and 10th day. In the soil in the area used for
penning-up sheep the maximal nutrient content was observed several days later, be-
tween the 12th and 30th day after penning-up.

In the soil of the area used for penning-up similarly as in manure mainly ammonifying
bacteria are present in the first stages (Fig. 6). Their number decreases gradually and their
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Fig. 6. Number of microorganisms (A4) and nitrification processes (B) in per cent in soil 1 year after
penning-up sheep (after Jakubczyk 1974a)

I — Fungi, 2 — Actinomycetes, 3 — microorganisms utilizing mineral nitrogen, 4 — ammonifying
bacteria
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maximum occurs 'during the first month after penning-up, with the greatest number
present during the first days. During the second month nitrification processes become

more intensive and subsequently again slower.
Other microorganisms — bacteria using mineral nitrogen, Actinomycetes and fungi
gradually become more numerous in later succession stages. The maximum was observed

135 days after penning-up sheep (Fig. 6).
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Fig. 7. Changes in biomass of macrofauna in soil of two sites — in this year and last year sheep-folds
(after Nowak 1975) | |

A — Diptera + Scarabaeidae larvae, B — Elateridae + Curculioni’dae'lanfac, C — Enchytraeidae, D —
Lumbricidae, 1 — one year after penning-up sheep, 2 — this year sheep-fold

The initial reaction of most invertebrates to penning-up sheep is a decrease in their
numbers (Figs, 7 and 8). The numbers of earthworms and Enchytraeidae and the penetra-
tion of predators — Araneae and Formicidae — decrease (D elchev and Kajak

1974, Petal 1974, Nowak 1975). The decreased number of saprophages persists
for 2 months and the decreased penetration of predators for much longer. The number of
larvae of coprophages — Diptera and Scarabaeidae — and the larvae of mainly herbivorous



Analysis of a sheep pasture ecosystem £ 14

o

N 5

E O3

S !

S

S

&

S

3

1 gh

L'G o

.

3 o 30 60 360
<SiteP vle et SHle K -

Days after penning-up sheep

Fig. 8. Changes in locomotory activity of predators after penning-up sheep (after Delch ev and
Kajak 1974, Petal 1974)

1 — Araneae, 2 — Formicidae

. beetles Elateridae and Curculionidae was found to increase immediately after penning-up
(Fig. 7)(Nowak 1975).

In the next year the biomass of most organisms is much greater in the sheep-fold area
than on the site moderately manuring. Only the biomass of predators is decreased and the
biomass of groups which probably feed on bacteria or fungi such as Acarina and Nema-

toda remain unchanged (Delchev and Kajak 1974, Petal 1974, Wasilew-
ska 1974, Zyromska-Rudzka 1974).

5. CONCLUSIONS

(1) The schemes of carbon transfers presented here indicate that the pasture is an
ecosystem in which the part of production taken up by consumers is considerable — of
the same order as in arable lands. Exactly the same part of total plant production was
found to remain after harvesting rye as in a pasture — namely 40% (Gol¢biowska
et al. 1974). .
~ (2) In a pasture a considerable part of this removed material returns to the ecosystem
in the form of manure. The introduction of manure speeds up the processes of decompo-
sition. It undergoes mineralization faster than dead untransformed plant matter. Mo-
reover, the presence of manure increases both bacterial processes and the activity of
invertebrates in the soil, which speeds up the decomposition of organic matter.

(3) The participation of invertebrates in the processes of changes of dead matter is
relatively large. Especially in manure mineralization due to animal respiration is probably
as intense as that caused by bacteria. The lack of meso- and macrofauna in manure leads
to an almost slower twofold decomposition rate processes. The respiratory activity of
soil saprophages also is considerable in comparison with that of bacteria (the former is

27% of the latter).
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The role of earthworms in the formation of humus is important. The biomass of
earthworms in a pasture used for penning-up sheep is especially high, much higher than in
mown meadows (Nowak 1975). As aresult of this the intensity of humification is
especially high.

(4) The great retention of belowground matter, both liaing and dead, is also
characteristic for the pasture. The biomass of roots is six times higher than the above-
-ground plant mass. Detritus is present in the soil and its content exceeds the under-
ground plant production about three times. It seems that in a moderately manured area
decomposition processes do not counterbalance the biomass production. Humus accumus-
lation probably occurs in both examined areas.

However, the period of investigations was too short to draw conclusions on the direc-
tion of these long-term processes taking place in the soil.

(5) In spite of the considerable exploitation of the examined ecosystem several
characteristics of stabilization may be observed. The mass of herbivorous invertebrates
which are often pests of cultivated fields is small and stable.

After application of a large dose of manure the leaching of mineral components into
the soil profile is small and is not intensive. Most nutrients stay in the top layer of soil
(Czerwinski and Tatur 1974b).

The stability of this system is also indicated by the retention of organic matter in the
soil.

One of the mechanisms stabilizing this system is the influx of coprolites into the soil.
The chemical content of coprolites is almost constant in spite of differences in soil
composition. The intensification of microbiological processes which takes place in co-
prolites is the strongest in poor habitats. Depending on the amount of organic matter and
degree of decomposition in the soil different microbiological processes become more
intensive in coprolites (Czerwinski,Jakubczyk and Nowak 1974).

(6) After intensive manuring several changes take place in the medium as a result of
which many groups of organisms disappear and only species which can develop on
manure remain. This change is the strongest and longest in the case of biomass of pre-
dators and on the simplification of the structure of the community. A rapid increase of
saprophages also takes place. Mineralization and humification in the soil become more

intense.

I would like to thank Dr. Teresa Wierzbowska and J. Jozwik, M.Sc.,for proposing the mathematical
solution and for calculations concerning the amount of manure disappearing from the pasture during

the year.

6. SUMMARY

The transfer of carbon in two pasture ecosystems — a pasture with moderate manuring (site P —
manured with 360 g d.wt. /m?/ season in small daily doses) and an area used for penning-up sheep (site
F) manured intensively for 3 days 540 g d.wt./m? and subsequently with daily doses as the previous
ecosystem — were analysed. This moderate dose cerresponds to approximately 90 kg N/ha/season.

The flow of carbon in two trophic chains — the detritus chain and the grazing chain — was
examined. The data concerning the amount of carbon in the ecosystem and the rate of flow of carbon

are given in Figures 1 and 2.
The detritus food chain was found to be based mainly on underground plant matter which in site P
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exceeded the above-ground mass six times and the content of dead and living plant matter in the soil
(537 g C/m?) was found to be considerable in comparison with the influx of dead material
(120 g C/m* [season) (Fig. 1).

Among the soil organisms earthworms (4.5 g d.wt./m?) and bacteria (0.5 g d.wt./m?) dominate in
respect to biomass (Jakubczyk 1974b, Nowak 1975). The respiration of all soil organisms
was estimated as 38 g C/m? /season which is a relatively small value in comparison with the influx of
dead organic matter.

The consumption by sheep in both pastures exceeded 80% of the production of above-ground plant
parts (Figs. 1 and 2) which indicates exploitation of the same range as that in grain cultivated fields,
However, a considerable part of the material taken up by sheep returns to the ecosystem in the form
of manure. iy

Coprophages were found to play an important part in the processes of manure [decomposition
(Olechowicz 1974). When these animals were not present only 16% of the manure underwent
decomposition during 1 month as compared with 32% in their presence. The decomposition of manure
in the pasture was faster than that of dead plant matter (Tab. III).

The presence of manure seems also to intensify mineralization processes in the soil. After intense
manuring an increase in the biomass and as a result of this in the respiratory activity of soil organisms
was observed (Tab. II). An increase of humification processes also takes place dre to an increase in the
production of coprolites by earthworms and increase of the number of bacteria involved in these
processes. Each year approximately 4 times more C passes into the humus than in the moderately
manured site (Figs. 1 and 2)(Czerwinski et al. 1974).

The description of the succession in manure and soil after penning-up sheep is given (Figs. 6, 7
and 8) together with the parallel changes in the mineral content of the soil (Tab. I, Fig. 5). After
applying intense manuring several changes take place, the number of several groups of organisms
decreases considerably for 1—2 months and subsequently a rapid development of saprophages and
herbivores takes place. The strongest and most persistent is the decrease of the biomass of predators
and the eveness of the structure of the plant community and of several animal communities (For-
micidae, Lumbricidae, Acarina).

7. POLISH SUMMARY (STRESZCZENIE)

W pracy pordwnany zostal przeplyw wegla w dwu ekosystemach pastwiskowych — mianowicie na
pastwisku o umiarkowanym nawoZeniu (stanowisko P — 360 g suchej masy nawozu w sezonie, w sta-
lych, codziennych dawkach) ina koszarze (stanowisko F — nawozone intensywnie w ciggu 3 dni
iloscig 540 g s. m. nawozu/m?, a nastepnie zasilane codziennymi dawkami tak jak ekosystem poprzed-
ni).

Rozpatrzono przeplyw wegla w dwdchi laicuchach troficznych — w lanicuchu detrytusowym i fan-
cuchu spasania. Dane dotyczgce ilosci wegla w ekosystemie i tempa przeptywu wegla podano na figu-
rach 11i 2.

Stwierdzono, ze lfcuch detrytusowy bazuje gldwnie na podziemnej masie roslinnej, ktdra na
stanowisku P szedciokrotnie przewyZzsza mase nadziemng, oraz ze zawartod¢ w glebie Zywych i mar-
twych czgdei rodlin jest stosunkowo duza (537 g C/m?) w poréwnaniu z iloscig doptywajgcego mar-
twego materiatu (120 g C/m?/sezon) (fig. 1).

Wéréd organizmdw glebowych pod wzgledem biomasy dominujg dzdzownice (4,5 g s.m./m?) i bak-
terie (0,5 g sm./m2);(Jakubczyk 1974b, Nowak 1975). Respiracja wszystkich organizmdw
glebowych zostala oceniona na 38 g C/ m?2 [sezon, co jest wartodcig stosunkowo maly w poréwnaniu
z ilodcig detrytusu doplywajacego do gleby.

Konsumpcja owiec na obu pastwiskach przekraczala 80% produkcji nadziemnych cze¢dei roslin
(fig. 1 i 2), co oznacza eksploatacj¢ srodowiska tego rz¢du co w uprawach zbéz. Jednak znaczna czgsé
pobranego przez owce materialu wraca do ekosystemu w postaci nawozu (fig. 1).

Istotng rolg w procesach rozkladu nawozu odgrywaja, jak stwierdzono, owady koprofagiczne (Ole-
chowicz 1974). W warunkach izolacji od tych zwierzat rozkladalo si¢ w ciggu miesigca tylko 16%
wylozonego nawozu, natomiast przy ich obecnosci w srodowisku — 32%. Rozklad nawozu na pastwi-
sku odbywat si¢ szybgiej niz rozklad martwego materiatu roslinnego (tab. III).

17 — Ekol pol, 22, 3/4
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Doptyw nawozu nasila, jak si¢ wydaje, takze procesy mineralizacji w glebie. Po intensywnym na-
wozeniu stwierdzono réwniez znaczny wzrost biomasy, a co za tym idzie takze nasilenie respiracji
organizmow glebowych (tab. II). Nastgpuje tez wzmozenie proceséw humifikacji. Powigksza si¢ mia-
nowicie znacznie produkcia koprolitdw dzdzownic i zwigzanych z nimi grup bakter.-. :

Rocznie przechodzi w préchnicg okoto czterokrotnie wigcej C niz na stanowisku umiarkowanie
nawozonym (fig. 1i2);(Czerwifiski etal 1974).

Podane zostaly opisy sukcesji organizmdw po koszarowaniu (fig. 6, 7, 8) oraz zachodzacych rdwno-
czednie zmian w zawartosci skladnikdw mineralnych w glebie (tab. I, fig. 5). Po zastosowaniu inten-
sywnego nawozenia nastgpuje w srodowisku szereg zakldcen, liczebnosé szeregu grup organizmdw
bardzo zmniejsza si¢ na okres 1—2 miesigcy, po czym nast¢puje gwaltowny wzrost liczebnosci zwierzat
saprofagicznych i roflinozernych. Najsilniej i najdtuzej to zakldcenie odbija si¢ na zmniejszeniu bio-
masy drapiezcOw iuproszczeniu struktur zbiorowiska roélinnego oraz szeregu zespoldw zwierzecych
(Formicidae, Lumbricidae, Acarina).
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