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Understanding landscapes, their origin and dynamics -
which is an important part of geography - requires insight
into the shaping processes. It is widely known, that many
landscapes formerly perceived as *wild nature’ (e.g. heath-
lands}in reality owe their physiognomy to a history of utili-
sation. Further analysis of the ancient heathland farming
systems has thus attracted interest not only frem historians
and cultural geographers, but also from much larger  cir-
cles (such as nature conservationists, natural historians
etc.). These groups seek to understand the genesis and
maintenance of cultural landscapes. The following will
contribute to the insight into Danish heathland farming and
its landscapes in the first half of the 19" century and serve as
& planning tool for ficld experiments by identifying points
of specific importance.

A widespread form of land utilisation belore industriali-
sation was the infield-outfield farming system: a main
form of *concentrational farming " which dominated world
agriculture at that time. Specifically in its so called coupled
form” infield-outfield farming had interesting qualities as a
farming strategy for meagre lands (Christiansen, 1978;
Rasmussen. 1979). In Denmark one form, “the river-valley
system’. has been aptly described by Jensen & Jensen (1979)
and by Gormsen (1991). Similar types are known from most

of the quaternary sandy areas of northwestern Europe and
had in the Netherlands and Germany attained a high degree
of perfection. Including such types as ‘plaggenwirtschaft’ -
by which sods (plaggen) were used as absorbing media for
dungand laterasmanureinthe field, the *es’, -and the use of
cowsheds, ‘potstalls’, that were specially designed Lo accu-
mulate and store manure, these system were developed o a
stage of high refinement, pro-ductivity and sustainability,
based solely on local resour-ces. (Re. ‘plaggenwirtschaft’:
see Delfs, 2000).

In spite of the growing interest in these forms of agricul-
ture few detailed accounts of their function exist. The main
features have been described in much literature (e.g. Uhlig.
1961; van Bath, 1963; Lambert, 1971). The farmer’s strategy
was clearly to transfer *fertility” (plant nutrient elements)
from the meadows to the in-lields by means of his ruminant
livestock, whereby he could increase yields significantly. At-
tention has also been drawn to the heath-lands™ contribution
to the system in several ways (Jensen & Jensen. 1979;
Stoklund, 1990).

The aim of the approach described in the following was
to prepare a first analysis of the flow of matter, specifically
plant nutrients, in characteristic Danish heathland farming
atits peak of development priorto industrialisation. The at-
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tempt was based on very detailed information from a unique
diary written by one Peder Knudsen, a heathland farmer
who lived 1798-1857 in Staulund near Haderup River, a
tributary to Karup River, in the western part of the large
Karup heathland plain He meticulously kept his diary from
1829 to his death 28 years later. Gormsen (1982, 1991) has
thoroughly analysed the diary in many aspects, specifically
regarding the farming activities - definitely its main theme -
and the facts from her analyses have here been used in an
attempt at compiling an overview of the main flows of mat-
ter of the farming system,

In spite of its many virtues. Peder Knudsen's diary was
for personal use, i.e. mainly as a tool for improving and la-
cilitating his farming. This means, that itcontains only what
he considers worth noting, and little else. Specifically dates

and yields, as well as other useful data for optimising use of

his scarce fodder resources ete., were given attention,
whereas other - for our purpose important - information was
totally ignored. The uscful facts reported in the diary have
thus necessarily been supplemented with other information
and considerations to arrive at a reasonably coherent pic-
ture of his farming.

Since the main mechanism of the transfer from meadow
to infield, using heath-materials as auxiliaries, is of specific
interest, further analysis by a functionally reconstructed
field experiment was attempted at the same time. Unfortu-
nately, this had to be abandoned prematurely, mainly be-
cause the areas available for the experiment proved unsuit-
able. The need for further experiments persists, and has
only become more clearly identified and urgent in the
meantime.

Peder Knudsen’s farm

Site and environment

Peder Knudsen's farm encompassed an area of around 300
hectare land (560 ronder land; tonde - abbreviated 1d., plu-
ral tdr. - is roughly 5,500 m? or about 1/3 larger than one
acre), of which nearly 270 ha (400 tdr. or about 88% ) were

heathland. Only 30.3 ha (55 tdr.) were under plough, and of

these about 12 ha (22 tdr ) annually sown. Most important:
6.6 ha (12 tdr.) of meadow belonged to the farm. There was
locally nothing unusual about the Farm: area and composi-
tion were typical for the region. as were the general layout
and location: only a small area was under blown sand.
Farm buildings were localed on the right shores of Hade-
rup River. high on the banks above the bottom of the valley,
surrounded by the vast. almost even. heathland (part of the
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Karup periglacial outwash plain). Access to the meadow in
the valley bottom was possible through one of the small,
mostly dry, side-valleys to the larger one of Haderup River
valley. Some of the more prominent side-valleys, like
Stangsdal (Stumpedal) to the north and Grimosedal 1o the
south, were wet in places, had boggy soils and a more lush
vegetation. Also the heathland. lying at an elevation of about
30-35 mabove sealevel. though generally well drained. had a
few small basins with bogs. Otherwise the large plain was in
heather and totally treeless.

Because of the poor soil quality. possibilities for farming
the heath plain were quite limited. Table 1 (shown at the end
of the text. where tables have been located for convenien ce)
reveals soils of relatively uniform texture: coarse sand at all
sites, except where blown sand has accumulated (Ginde-
skov 15). Clayey fractions are almost totally absent throug-
hout. lon binding capacity thus depends largely on the or-
ganic contents of the topsoil.

Generally the soils display the three classical horizons: a
turfy top of organic mor (0-10 cm) covers bleached sand
down 1o 45-90 ¢m, below which red, oxidised sands domi-
nate, often with a dark top horizon about 10 cm thick, im-
pregnated with humous or ferrous materials ( in Danish: al).
The mor-layer under the heath vegetation normally had an
organic content slightly over 4%. Nowadays the area has
been ploughed, and the uppermost 25 cm mixed to a relati-
vely uniform horizon as appears from Table 2.

The ‘modern’ soil has been treated by marling and ferti-
lisation, but is still poor. Within a tilling depth of 25 cm the
stores of nitrogen (N), phosphorus (P) and potassium (K}
are quite mocest: about 2.25 tons/ha, 7.3 kg/haand 140 kg/
ha respectively, bound to about 70 tons/ha of humus - but
with even more unavailable 1o plants. Furthermore, the ca-
pacity for storing plant nutrient ions (CEC) and water re-
mains low. The plant-available water within a root zone of
50¢m is only aboul 6 cm, at full capacity.

As already concluded by Weis (1932), the soil can “only
after man-induced changes of structure and physicalche-
mical compenents ...be turned into a substrate for active
biological development’. In other words: cultivation is next
to impossible, unless plant nutrients are made available/fac-
cessible and water availability improved. The transfer of
plant nutrients and improvement of the retention capacities
for nutrients and water should be the immediate goals,
achievable by 1) increasing organic contents, 2} increasing
pH to neutralise acidity, by marling at the same time adding
aclayey fraction of particles, and - effective also in the short
run - adducting plant nutrient ions. The low quality of the
soil highlights the fact that climate very often could turn
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Figure I: Peder Knudsen's farnr, shown on cadasiral map T 17 Haderap 1873 with boundaries as of 1817, Parcel I a was Peder Knudsen's
and | b belonged to his brother Niels as part of his infievitance, Parcel 2 a and browere evned by Peder facobsen. a relative (21 AN pareels
shown were originally parts of one “double-farm’ | Contoar interval: 5 fi. Areas with heather and moorfand have sivnatures, cidtivated land
is witheut signatire, By permission from Kevt-og Marrikelsiveelsen,
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waler- availability intoa pressing issue in late spring-early
summer {See Table 3).

With a soil magazine holding only about 60 mm equiva-
lent of precipitation most of it was, of course, scon lost to
evapotranspiration, Early in the growth-seasonstarting late
April-carly May, water-losses in vapour-form increased Lo
a level whereby the stores could be emptied betore the end
of May, barring rain. Drought was thus a persistent danger
for cereal crops: astreteh of three rainless weeks could ruin
them totally.

Principles of heathland nse )

Forthe users of the heathland throughout history the aspects
mentioned must have appeared grim. Low plant-productiv-
ity required all farming utilisation to apply some principle
of concentration, either by extractive use by grazing/brows-
ing animals or by a type of concentrational farming or a
combination of the two categories. Utilisation by grazing
cattle or sheep (possible even in winter) or by swidden agri-
culture were practised as long as sufficiently large arcas
were available. No doubt, however, the principle of using
cow-dung from the winter’s stable-feeding to fertilise small
areas, otherwise uncultivable, was known. Already in the
palacolithic, cultivation around the pole-built villages in
Switzerland was based on this principle (Troels-Smith,
1984) like also Danish iron-age cultivation. More sophis-
ticated uses of dung for mixed manure were known in the
Netherlands from about 1140 (Lambert, 1971).

Local conditions were permissive, if not directly favour-
able, of practical applicability of this principle. Meadows
provided a high and stable vegetable productivity of good
fodder. and the heathland. though more sparsely vegetated,
could supply some feed even in winter. Most important,
vegetable materials were available for various other uses,
including desirable soil improvement in the heathland.

At the beginning of the 19" century the infield-outfield
principle commonly functio ned to link the two main ele-
ments into a system for fulfilment of the *meadow fattens
field’ principle (fora general description in Danish: see e.g.
Blicher, 1839). Usually the system had an auxiliary sub-
supplier - the heathland - and the transfer of matter was
largely by means of grazing ruminants supplemented with
carting of manure as indicated below.

The main supply of plant nutrients and organic materials
thus stemmed from local, self-regenerating “outfields’.
meadow and heathland. Much of the material passed as fod-
derthroughthe livestock stabled for the winter. The animals
were the main converters of fodder into food, dung and
other scil improvement materials. From the cowshed - via
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the midden, where the materials were mixed and nutrients
released by decomposition and also deconcen trated to form
atype of compost - they were carted off to their final use on
the (in)-field. Viathe crops a part of the materials was recy-
cled back to the stable as feed for the livestock (barley, oats
and straw).

The practices can as a whole be seen as a single, compos-
ite mechanism for utilisation of the heathland. but also as
the merging of two mutually beneficial systems. One s live-
stock producing, based on the meadow (producing milk for
daily consumption. bullocks for sale ete.). The other is an
“additive” system producing cereals for sustenance and
sale, enabled by the meadow-system. Though it is templing
toregard the livestock part of the system as the basic one,
the palynological record does not support this view unbi-
ased (see OQdgaard, 1994). The huge areas originally at-
tached to the heathland farms may equally well point at the
heathlands as the main base for an early Farming, probably
through shifting cultivation with swidden, combined with
husbandry of grazing/browsing animals. Though of ancient
origin and previously well known, the ‘river-valley’ system
can possibly be seen as a late adaptation to increased de-
mands for farmland or an effect of the emergence of attrac-
live markets for livestock.

Flows of Nutrients in Peder Knudsen’s Farming Sys-
tem

In the following each of the 5 main *elements’ of the farm-
ing system of Peder Knudsen will be described and their
functioncommented upon. The specific flow of matter from
each element will be assessed and referred to in relation to
the system by means of a letter, as shown in the diagrammes
Figure 2. Corresponding to the flows of the diagramme, ta-
bles with quantitative data can be found at the back of the

paper

{. The meadow

Location and vegetation

Peder Knudsen's 13 1dr. of meadow-land was not one co-
herent piece. but divided into several small parts by the me-
anders of Haderup River. These were distributed over a
stretch of more thantwo kilometres. Though protected from
the river by low levées. the meadow was usually flooded in
early spring, depending on level and drainage. Where con-
ditions were best, ‘sweet’ grasses dominated, but in many
places a vegetation mixed with reeds and sedges made the
meadow less useful, both for grazing and for hay-making.



The more distant parts of the meadow were apparently
solely used for hay-making: grazing was most intensive
where access to the farm and farmyard was casy. Meadows
high enough to avoid regular flooding, were tilled and sown
with oats or buckwheat. Overall, the meadow was fully uti-
lised.according to the rule of “bestuse” in the contemporary
SCNse.

Funcion of the nreadow

The central role of the meadow was - as mentioned before -
1o supply the livestock: in summer through grazing, in win-
ter from stored hay, According toadtraditional rule of thumb

one td. land of meadow was necessary/sufficient to supply
one head of cattle, Hence Peder Knudsen's 6.6 ha (=13 tdr.
land) were used nearly to capacity to sustain his 2 horses. 3
bullocks, 3 cows and 5 heads of young cattle. According 1o
Hannerberg (1972) these corre spond namelyto 2 x 14 + 3 x
14435 1+ 5x% =12V animal units” (bullocks: estimate
by author).

Since Peder Knudsen's meadow until 1834 was without
irrigation and only with limited (open-citch) draining, 1ts
production of palatable grasses must have been modest.
Sedges, rushes and reeds occupied part of the area, and the
higher areas of the meadow were used for a modest cultiva-

Outfield Cowshed/Farmyard Midden Infield
] G |
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Stable |-E = | Midden |- Fo= Infield —-Yiald
Heathiand — B —X
__/ ./
| C
D
}ﬁ% Dsw\
Midden Infield Heathland
River Meadow

Figure 2. Above: Main flows of matevials. Types of materials indicared Below: Main flows shown on idealised cross-section. Flow G has been
onitted for clarire. Note: traek s a thindv-cod tvpe of heather-oaf (abowt 5-7 cnithick ). consisting mostly of organic maiter of liver and roots.
Seds were cur thivker fabowt 10 em ), and was maindy vy menerial. Kivier were moss-tirves, mainly when developed from Spheagnom - moss,

fomendd iLar. in Gramosedal.
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tion of oats and buckwheat. No doubt, Peder Knudsen
expressly wanted to use his meadow more fully, as he saw it
as determining most of his supply of coarse fodder and
hence the number of livestock, as well as - via the animals’
production of manure - limiting the yields of the infield.

A small but puzzling detail is that Peder Knudsen appar-
ently without any significant problems handed over a part of
the meadow to his brother Niels. If this means that distant
parts of the meadow were less utilised, a smaller area than
the 6.6 ha mentioned should be used as basis for the esti-
mates in the following. To account for this a somewhat
reduced productivity has been ascribed the meadow to cor-
respond with known information on yields.

Productivity of the meadow

The meadow’s productivity was clearly a decisive para-
meter, yet it is difficult to assess. This is due to the fact that
Peder Knudsen’s management of meadow areas for grazing
versus hay-making (e.g. by fencing off parcels or by tether-
ing animals) is not directly described in his diary. Only one
meadow activity, hay-making in Engkrogene, is described
in more detail. Unfortunately much information, though
essential information in the present study, is missing from
the diary since it was a trivial fact for Peder Knudsen. Hence,
data on the productivity of the meadow must be found in
other ways. In the following three different approximations
shall be attempted.

The diary does at least allow us to estimate the amount of
winter fodder. The day of the beginning of the hay-harvest
is noted, indicating that without irrigation only one annual
harvest was taken (late July). Additionally it is recorded,
that the harvest amounted to 29 cartloads (each assumed to
be about 350 kg), corresponding to some 10.2 tons (‘tons’
are metric tons, abbreviated *t") of dry hay. Since the hay
was meant for immediate storing, it must have been tradi-
tional ‘mature hay’ and further *weather dry’, i.e. with wa-
ter contents about 20 9. [f so, dry matter contents must have
been about 8.1 tons, corresponding to contents of about
5,300 FE (Fodder Equivalents according to Danish conven-
tions: one FE is defined as ‘fodder value of one kg of bar-
ley’. One FE ~ 1.6 kg of dry matter of grass or 1.84 kg of
‘weather dry’ hay, L.1. 1989),

The hay harvest (supplemented with some grains and
straw, occasionally also some heather) was, what Peder
Knudsen’s livestock had for consumption during winter
(mid-October - early May, 195 days). Assuming this, and
that the amount of grass/hay consumed during the active
summer period was larger, a first approximation to the
meadow's productivi ty must exceed 11,000 FE/yr.
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Contemporary, relevant literature gives information on
the total productivity of meadows, but usually without re-
vealing what is meant by “grass’ or *hay’, an important dis-
tinction because of differences in water contents. In most
cases no indication is found on this decisive question -
which excludes the use of much information. Exceptions
are found in modern sources: forasimilar, though probably
more sour, type of meadow, Nielsen et al.(2000) reported a
dry matter productivity of 4.9-6.9 tons/ha, depending on
grazing intensity (high intensity ~ high productivity). This
corresponds for Knudsen’s 6.6 hato roughly 32 - 45 tons of
dry matter or about 20,000-28,500 FE. The lower figure
seems more probable for a meadow with little drainage,
wild vegetation and no fertilisation. (Figure 1 shows the
meadow with canals, but these were for a later irrigation).
Possibly a smaller area was used by Peder Knudsen, as men-
tioned above. (The area handed over to Niels was probably
5-1 ha, necessary to sustain at least one cow, which was re-
garded the minimum for sustenance),

The information in the diary can, however, also be used
to estimale total fodder consumption. A generally accepted
means of calculation allows the consumption expressed in
FE to be found Irom length of feeding period, animal spe-
cies and body weights (Havskov Sorensen, 1968). To the
basic estimates should then be added allowances for work,
increase of body weight, milking yields etc. The assumed
body-weights and figures for consumption are shown in
Table 4 (page 61).

It should be noted that historically animals were much
smaller than their present relatives, as were their consump-
tion. (Size difference was clearly demonstrated when trying
to fit modern animals into the boxes of an ancient cowshed.
Neither bullock nor cows could be squeezed into cattle
boxes).

For the very active summer-period, the 170 days from
early May to mid October, the animals are (see Table 4) sup-
posed to consume 170 x (40.8 + 16) FE= 9,656 FE. For the
stall-feeding period, 195 days from mid October to early
May, 195 x (40.8 +7.5) FE = 9,418 FE, making an annual
total of ~ 20,000 FE. These are low estimates, and may only
be realistic, if the body weights of Peder Knudsen’s animals
wereas low as suggested. Realising that the estimate 20,000
FE is low, and that about 6-7,000 FE were added in the form
of fodder originating from the field (barley, oats and straw,
excluding rye), the utilized productivity of the meadow
seems to have been about 14,000 FE/year.

Table 5 (in the back) collates the three estimates of pro-
ductivity for the meadow. As the meadow at that time was
used to capacity and the livestock ‘calibrated to size’ of its



productivity, serious effects of the inevitable swings of
yields are not difficult to imagine. The diary gives many ex-
amples of the problems seen through Peder Knudsen’s
eyes. He often worried over insufficient stable fodder, fed
sparingly, used heather as emergency fodder, tried to get
extra straw from his neighbours, bewailed he had sold too
much ofhis harvestetc. Once he regretted having kept a bul-
lock, that was consuming too much. Gormsen (1991 ) refers
to many similar examples, leaving us the impression of a
farmer who, pressed hard, reflects in a very rational way
over his management. Against this backdrop it is surprising
that the surrenderin 1831 to his brother Niels of a part of the
meadow does not seem to have created problems. Whether
this was due to previous underuse of this (relatively remote)
part of the meadow, orto Peder Knudsen's introduction of
an irrigational system in1834 remains unclear.

The ‘export’ from the meadow to the cowshed is given in
table-format as ‘Flow A’. (This is found in the back, shown
together with similar tables, that together should illustrate
the flows in Peder Knudsen's farm). The high contents of
plant nutrients, available for plants, are noted. In spite of the
continuous export of nutrients no depletion is documented,
thanks to additional supplies from river- and ground water.

1. The heathland

Lacation and character

Most of Peder Knudsen's 270 ha of heathland were located
on the top of the wind-blown plateau, carved out of the
Karup plain by a series of valleys, as previously mentioned.
The soil, impoverished from its historical uses was co-
vered with a vegetation dominated by heather, Callung and
other dwarfbushes. In lower, more humid areas, grgnninger
{Danish: green areas) a different vegetation with grasses
and herbs to complete shrubs of which Arctostaphylos,
Empetrum and Salix were the most conspicuous. In more
exposed, windblown places lichens, like Cladonia, and a
few mosses (Hypni e.g) were seen, Like the meadow, the
heath was used for supplying matler, in this case both to
cowshed, midden and possibly infield. The vegetation was,
hence, constantly held in a suppressed stage.

Utilisation

Peder Knudsen apparently extracted everything, for which
he could find a use, from his heathland. Main categories of
uses were for:

- fodder and bedding for animals,

- materials for soil improvement and

- fuel.

In general, heather was a material of thousand uses for the

heathland farmer (see e.g. Hgjrup, 1970). The uses, dis-
cussed in the following, related much to the age of the veg-
etation and have been summarised in Table 6.

Fodder

Peder Knudsen’s 50 sheep lived directly from the heathland
by grazing and browsing and were fed only in exceptional
cases (e.g. in severe winters). If sheep are assumed to con-
sume about 0.3 FE per day (which is a low estimate), their
annual consumption was 3,475 FE, corresponding to about
36 tons of dry, digestible matter (about 60 tons of live
heather at 40% water). Young heather shoots (1-2 years old)
would normally be eaten. Because of heather's regenerative
abilities, sheep could browse almost everywhere in the
heath.

Further, the heathland supplied fodder to the cowshed/
farmyard: about 6 cartloads, 2.1 tons of fdrelyng (winter-
fodder for sheep) annually, which may amountto about 1.5
tons of dry matter. Usually heather at the developing stage,
relatively young, would be used.

Supplying freek (foruse as litter in the cowshed and in the
farmyard) was one of the most destructive forms of heath-
land-utilisation, but very important for the whole system.
About 70 cartloads of treek were delivered annually, which
were peeled off to a depth of 5 -10 ¢cm from the heath, leav-
ing bare mineral soil in its wake. The 70 cartloads represent
about 24.5 tons, which - assuming a specific weight about
0.25 (compression and a certain admixture of mineral soil
assumed) - equalled a volume of about 100m?*. This volume
would imply the peeling of about 1000 m? of heath, if the
thickness of the fraek -layer were 10 cm. This almost equals
the farmyard and the floor of the cowshed: the area that was
kept covered by treek functioning as litter. Use of traeek im-
plied a slow regeneration of the vegetative cover. It was
generally assumed to take about 70, sometimes up to 100
years, which sounds possible, since areinvasion of the areas
were necessary.

Bedding

Further, 3-4 cartloads of heather for bedding in the cowshed
were also supplied annually, representing about 1,050 kg
(or 630 kg of dry matter/yr) - but of older plants.

Materials for soil improvement
For the preparation of mixed manure in the midden some
jord, literally ‘soil” (but rather to be understood as ‘soil, rich
in organic matter’, such as heath-turves, mud or previously
cultivated soil) was taken from the heathland in astonish-
ing, but varying, quantities.

In one specific year 230 cartloads or about 80 tons were
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reported brought into the farmyard midden, taken from uni-
dentified areas (probably from valley-bottoms or small ba-
sins, where sods or turves were thick, or from an already im-
proved field-area). The organic content is difficult to esti-
mate, probably it amounted to some 4 tons (assuming 5% of
organic contents). If enriched soil were used. this figure
would apply. Were the 230 cartloads instead rraek, the or-
ganic contents would be about ten times higher. about 40
tons.

In many years the farmyard midden was duplicated and a
reported total of over 300 loads carted 1o the field. At other
occasions middens of similar size were made directly in the
field to be cultivated. What matters seems thus to be the
amount of mixed dung collected, not its location. Inthe fol-
lowing it is assumed, that the farmyard-midden of 300
cartloads mentioned above was supplemented by extra
middens (in yard or field) of some 300 cartloads. totalling a
store of mixed dung totalling about 600 cartloads (or 210
tons). In any case, middens totalling 600-700 cartloads
seem to have been commonplace, and even larger amounts
are reported from time to time. Hence the flows Cand D (see
these) are functionally similar. The difference as to their
place of origin is of little consequence, except when related
to transport, but their compositions are of course decisive.
No doubt the idea was to get all available dung mixed with
soil-fill (as rich in organic contents as possible) in order to
preserve plant nutrients by keeping them at relatively low
concentrations - and.possibly this also to Facilitate dosage
and spreading of mixed dung.

Though concentrations in mixed dung were low, total
contents of NPK were not unimportant in spite of the fact
that most of the materials stemming from the heathland
were, at least for some time, vanavailable for plants (not
considered in Flow C and D). The origin of materials re-
maining unreported, it seems clear that high organic content
was aimed at, but difficult to achieve. Common sources
were triek, turves, mud and even enriched soil from fallow
field arcas. [f trick was used instead of soil for fill, the con-
tent of nutrients was tremendously inereased.

Ash-fertifiser’

[n preparation of hedeager (roughly corresponding to “out-
field in English/Scottish sources), sometimes a piece of *ma-
ture’ heathland was burnt off and then tilled. The heather
should preferably be no less than 10 years of age, and it was
usually burnt together with additional sods from adjacent
lands. Probably around two ha of heathland were burned an-
nually with a recovery-time of about 30 years. For continu-
ous utilisation hedeager thus required about 40-50 ha, quite a
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large piece of land for a modest yield of about 2 tons! Usually
the burnt area was sown with rye and gave a reasonably good
yield, as well as being almost totally free from seeds of
weeds. Swidden rye hence demanded a high price as a seed-
ing material. Largely. the use of the hedeager did not imply
any transport, i.e. no flow. Yet. in many cases, some addi-
tional fertiliser (dung, sheep’s dung or ashes) was added.
This is not reported here. Ash-fertiliser also was produced
using heathland fuel materials, as will be examined below.

Fuel

Heather for fuel was in high demand. if it was old and
woody. It was easy lo ignite, reached high temperatures
quickly. and burned almost smokeless. It was therefore
used for heating ovens for baking and for igniting the turves
when heating houses ete. Three cartloads were cut annu-
ally. corresponding to some 1,050 kg, or 840 kg of dry mat-
ter.

Heather, sods and turves were generally used for heating
ol houses. About 70 cartloads (24.5 tons) were annually cut
and brought to the farm, where they were orderly stacked
along the walls of the dwelling house for drying and at the
same time provide improved insulation for the winter. The
sods were slowly developed, mainly in the richer and weller
parts of the heathland. Sods were peeled off to a depth of at
least 10 ¢cm and probably required about 70 years for regen-
cration. Ashes from oven and fireplaces were collected in a
special little heap, mixed with other refuse and added to
sheep’s dung to be used for fertilising. Specifically thistype
of manure was used in the high parts of the meadow e.g for
huckwheat and for potatoes in the field or heathland. The
ashes contained almost none of the original N -content, but
70% of Pand 80 % of K.

Kiyner, turves from Sphagnum-mosses, were appar-
ently of use neither for heating nor for soil-improvement.
They were now and then used to make charcoal for sale, but
their low content of plant nutrients and fast decomposition
made them less attractive than triek as soil improvers.

Apart from the activities dealt with above there were
several others, occurring at less regular intervals: construc-
tion of dikes, thatching of roofs, repairing of roads, cover-
ing of blow-outs etc. The heathland to be set aside for such
miscellancous purposes can hardly be estimated, but is not
insignificant. It should be noted, that multiple uses were
common. Were the sods not used for heating and had be-
come old and loose, they easily found an alternative use in
soil improvement etc. In reading Table 6 this should be
borne in mind - together with the other sources of inaccura-
cies so far mentioned.



Productiviry
Inrelation to utilisation of heathland. twomain types of pro-
ductivity must be considered: annual overground produe-

tion of shoots. and total annual overground production of

organic matter (= shoots. litter and wood). The first concept
relates to supply of feed for animals. the second mainly o
possible supply of materials for soil improvement. Both are
difficult ro assess. Figures in the following are estimated
from a few field observations and have been compared and
completed from other sources (e.g. Gimingham. 1975).

Heather has a life cycle of 25-30 years, divisible inlo a stage
ofinvasion( I-2 yrs), one ol establishment (3- 10} and amain
one of high. almost constant shoot-increments (11-25) be-
fore the finad degeneration. During its life heather increas-
ingly sheds leaves and twigs until litter productivity ex-
ceeds that of shoots at about 25 years of age. To the produc-

kgha Net Overground Increase
3600
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Figure 3. Assumed produciiviey of heatfland per fee Figures partly
after Gimingham (1975 )

tion of shoolts should be added that of woody mass. Data on
this are few, roughly it seems to be about 400 kg/yr during
the years of high productivity (11-25)

The productivity is decisive, when assessing the arcas
necessary to supply the quantities of heathland materials
utilised. In general, the area required depends very much on
the age necessary for obtaining aspecific quality. High con-
tents of woody material is found in old heather especially,
tender shoots from young plants, Shoots for feed are pro-
duced at a rate of about 2,000 kg/yr from plants 5 to 15 yrs.
old. heather fuel is accumulated at about 30.000 kg during a
period of 25 yrs - to give a few examples.

[n Table 6 the estimated requirements in “hectareyears’
are given for the heathland-materials mentioned in the fore-
aoing, Following figures have been used for the estimates:
Feed and fodder: 2 tons/hafyr and | FE =6.5 kg of heather:
treek- used for livter in cowshed and in soil-fill: about 30t

accumulated over 25 yrs (~ 1.2 tons/hafyr). Woody materi-
als for “fine " fuel ete: 0.4 wons/ha/yr. I amounts are derived
from Figure 3 some divergencies can be noted. Total
amount of litter accumulated over a full life-cycle amounts
¢.2. loabout 38 tons. Because of losses from decomposition
ete a figure of only 30 ons have applied in preparation of
Table 6 The most “expensive” use of the heath area seems to
have been grazing/browsing, and - though more tentative -
the use of trick and other soil-improving materials.

Sustainable use?

It all uses are considered (see Table 6). about 23-30 ha were
annually “harvested”. Against a backdrop of 270 ha avail-
able this may not seem alarming. But the specific demands
for older types of heather create problems ol sustainability.
“Area-time” for total regeneration requires about 185 hee-
tare-years. The lastestimate may indicate that some materi-
als were actually soil-mined (as e.g. frevd, soil-fill, mud ete. )
- though they in Peder Knudsen’s time were considered
‘eternally available®,

Two interpretations of the situation can be offered,
though based on weak estimates: 1) Peder Knudsen’s use of
hic heathland uppat}du'h..u L.l.(nu-‘ ical halance and was a
wellintegrated part ol his farming system. 2) The heathland
was simply used as intensively as available labour technol-
ogy permilted at the time. Ineithercase the heathland seems
to have been thoroughly used, and was not just ‘left over
land".

To clarifly the problems further observations on time lor
regeneration and for soil improvement are needed.

o

Export from the heathiland

The main function of heath utilisation was no doubt attached
to the role of heather as a kind of matrix material for mixed
manure, so vital for preindustrial heath cultivation. This is
evident from the ‘exports’ from the heathland (Flows B, C,
and Dof Figure 2 and 4 ). The flows are tubulated in the back
to facilitate comparisons. [tis difficult to estimate contents of
soil-fill, since organic matter varies so much. Here organic
contents have been setcither atthe level of trick oratonly 2%
for additional soil,

The total mass of the “export’ from the heathland is sur-
prising: over 210 tons/yr carried away. but it should be
noted, that much of it is either mineral soil or “woody mat-
ter’,mainly carbohydrates. Nitrogen isonly amodestquan-
tum. and especially the quantaof Pand K are small. The role
ol heath materials as *soil fill", as absorbing media. and asa
supplement to the nutrients from the meadow is clear.
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1. The cowshed and farmyard

The fenced-in areas, where animals were kept, encompass
besides the cowshed and farmyard also some pens in the
heathland. The possibility of pens in the heathlands has
been disregarded in the following.

Most important was the cowshed/stable, where cattle
and horses were kept from about mid-October till early
May. The low. brick-walled and straw/heather thatched
buildings were in the first place aclimatic screen, protecting
the animals from the wet, windy and cold Danish winter.
Also the large, square farmyard (=500 m*) surrounded by
four wings of farm-buildings was well sheliered, at least
from wind. The farm was located on high land near one of
the small side-valleys to Haderup River, with direct access
lo the meadows in the valley of the river. This arrangement
allowed cows and bullocks to come to the farm daily during
the summer-grazing period the formerto be milked. the lat-
terto keep company and to be trained. While cattle were sta-
bled for the winter, sheep were only on exception brought
tfrom the heathland into the farmyard/stable for protection
and feeding.

Function

Both cowshed and farmyard - partially also the outfield
pens - served as more than just climatic shelters. They were
areas where fodder was processed into dung and from
where the dung could be collected. For that purpose both
cowshed and farmyard were paved with cobblestones to be
almost impenetrable to liquid manure. In addition all the
floors were kept covered with trek, brought in during late
summer and supplemented with additional triek or heather
as needed.

The most important functions within the cowshed/stable
should not be forgotten: they were at least three in number.
Firstly, it was a place of biolegical production, where raw
fodder materials were converted into useful products for the
farmer: milk, meat and labour energy. Milk was a basic
foodstuff for the farm, both for humans and animals. Fur-
ther, in Peder Knudsen's farm, the sale of animals (specifi-
cally bullocks trained as draught animals) was a main
source of income. Secondly, it was the power station of the
farm. The horses and bullocks were kept there, one team of
each: quite a large number of draught animals, considering
the area tilled per year. The draught animals were, however,
necessary to cope with the huge demand for transport:
horses supplied the bulk of the energy with bullocks provid-
ing the difference. Both were a steady power at low-cost
fodder. especially the bullocks. Thirdly. the animals were
producers of dung, essential for sustaining and increasing

52 Geografisk Tidsskrift. Danish Journal of Geography 101

soil fertility. In fact the livestock composition was given
much thought and attentien. Cattle had as ruminants the
main role in dung production as well as in supplying dairy
products for the farm population.

During the stable-feeding period the trek-cover func-
tioned as a napkin-like material, absorbing and becoming
an integral part of all manure produced. At intervals the
saturated freek was shoved into the aisle and brought into the
midden. (A similar process is well-documented ina highly
developed form from the German potsialf system). Simi-
larly, the trevk of the farmyard absorbed and collected all
dung falling there.

Though of much less importance the sheep-pens of the
outfield served the same purpose when sheep gathered in
the pens for the night.

The reason for delving in detail with the dung-collecting
system is its central réle in heathland farming as a vital
source of material for fertilisation and soil improvement,
c.g. by converting celluloses into humus-forming compo-
nents.

Efficiency

The efficiency of the system cannot be evaluated directly
from the diary and is therefore difficult to judge. Nodoubta
high percentage of all dung was collected, including the lig-
uid part, and most of the fertilising elements thereby
retained. To this end the almost impenetrable floors were
invaluable. Airborne losses were inevitable, butdiminished
by using little volume in stall-buildings. Heavy ammonia-
cal smells were hence sure signs of heathland farming of the
time! Still, the losses of fertilising elements are difficult to
estimate, but no doubt relatively small.

With the background provided, it is templing to see the
function of the livestock/-cowshed unit as a provider of
*catalytic materials’ for the cereal production of the farm as
an important element. The inputs and outputs of the con-
verter unit are reflected in the Table on Flow E (page 65).

Marerials leaving cowshed{farmyard.with products.

All stall-fed livestock are have had their basic needs cov-
ered during the stall-feeding period of 195 days. Tothe need
for basic fodder should then be added a contribution to *pro-
duction’. Horses were probably mostly idle all of the winter
season. Production was then as shown below.

Production of milk and biomass:

The 825 kg increase in biomass corresponds to about
1200 FE. making the total value of production about 1500
FE. Amounts of NPK used in this production are mainly



bound in the dung: total amounts exceed N: 251, P: 31 and
K: 388 kg (for details: see Table 11). All these potential
plant nutrients were largely in an available form. (Flow E).
The tollowing should be noted: Inputs of fodder materials
have been estimated low -as “just sufficient’. They corre-
spond tothe contents of the fodder from meadow, heathland
and field. Inputs of bedding materials, litter, correspond to
outputs from the heathland. Qutputs of milk and meat as
well as contents have been difficult to check. Finally, out-
puts of dung are those used in section *midden’.

Bullocks= weight increase 3 x ~75 kg 25k

fts

Cows: 3 x 2.5 litres milk per day in 195 1465 litres
daysfyr. rest for calves. (~ 300 FE at 5

litres/FE).

2 calves born and fed for 195 days/yr,
weight gained 50 kg cach

100 kg

Young cattle: weight gained 100 kg per
animal

500 kg

V. The Midden

Situated in the large farmyard, the main midden was imper-
vious with its cobble-stone (loor. Placed close to the cow-
shed, it was a place for storing dung, bul also where dung
was turned into mixed manure for later transfer to the
(in)field. The main midden could be duplicated. or extra,
smaller ones made to supplement it. Sometimes field
middens were made at the place for their final use, a useful
strategy to avoid leaching.

The midden was in many ways the hub of Peder Knud-
sen’s farming system. Since it served as a storing place for
the dung continuously produced during the stable-feeding
period, it was designed to preserve precious nutrient-rich
materials produced until their use in the field, keeping
losses at a minmum. Consequently, the midden had to be
leak-proof and reduce gaseous losses at the same time.

Handling of dung was seen an important task by Peder
Knudsen. Care was exerted (o keep losses at a minimum (cfr.
constructionof cowshed ffarmyard), Gormsen (1991 jgivesa
fuller description of practices in handling from which only a
few main features shall be excerpled.

Three types of manure heaps have been reported, of
which two, the farmyard and the field middens, must be
characterised.

The farmyard midden.
This was a type of midden maintained through the regular

cleanings ol the cowshed during the winter. These were col-
lected outside the cowshed until they were mixed with ek
and some soil into one or two farmyard middens. A couple
of smaller manure heaps seem to have been made during the
winter. but the big mass of material was left for treatment
until summer, when also the treek from the farmyard was
added.

The manure heap itsell comprised a bottom-layer of sods
upon which alternating layers of dung and rreek or soil-fill
were stacked, with atop cover ol soil. The *soil 'component
could stem from the toplayer of a ploughed piece of
heathland, of mud or other type of soil with high organic
contents. Usually there were 4 layers of dung (of 20-25
cartloads cachyand 5 layers of soilfiraek (of 60-70 cartloads
cach) in the midden, making together a heap of impressive
dimensions: about 20 x 8% x 2 m {~ 340 m*).

The heap previously mentioned contained 70 cartloads
of dung and 230 loads of soil/rreck. Most often two smaller
winter middens of only 100-200 loads each were establis
hed. These were somewhat poorer with only 3 layers of
dung to 3 of trek and 2 of mud - not so rich in nutrients, but
still with high organic contents. Total contents of the
midden heans could easily surpass 600-700 cartlouds: one
of 70+ 230 loads and one or two of 100-200 foads added.

The field manure heaps. (See also malerials for soil
improvements above) Whether these were additional, differ-
ently located middens, or just farmyard middens re-moved is
unclear. Usually, however, the field-heaps were made during
the summer in the ficld to be manured for next spring’s bar-
ley, usually one or two, cach of 300-400 cartloads.

[fthese heaps were farmyard middens mixed and moved
into the field, their volume seems to have been incrcascd by
added material. Some soil would normally be admixed,
possibly also additional #reck. One midden described must
have contained 380-450 cartloads or about 130-160 tons of
compost, but any opportunity to add extra was no doubl
used.

The ash hreap was mainly made from the burning of
heather turves for heating the house. The ashes were often
mixed with sheep’s dung and used e.g for potatoes. Another
type of ash heap was made in a presumptive field area in the
outficld. In some cases dung was also added (21 loads of
dung to 28 loads of triek to 35 loads of ashes from burnt
urves). An overview of manure sources is given in Table
10.

The production of manure reported was thus based on
inputs from both cowshed and heathland. From the cow-
shed came some 300 cartloads of manure, including what
was originally some 70 cartloads of trek. Anadded import
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of 300 cartloads of soil with as much trek or other organic
filling stuff (humus, humiferous soil, mud, bog) was used
for a mixture that should result in an enriched sandy mould.

Flenvs throwgh the midden

Imports to the midden consist of two flows (C and D). As
previously mentioned. the distinction between these may
be slightly artificial. but their constituent parts may have
varied as well as the time for their collection.

Whether "additives” were trawk or bedding, or rraek or
soil. is significant in terms of organic contents (from 2-5 to
about 50%). Sull the major part of avairlable plant nutrients
occurs in the dung component.

Tables Flow Eand F indicate the added mattereriginally
passing the cowshed/farmyard as found from estimates; but
much may have been lost later, notably N-containing gas-
ses. Clearly, the dung conveys fertilising elements but also
othercontent, specifically “organic matter’, which is impor-
tant for soil improvement, must be regarded. The total
amount exported, according 1o the Table, amounts 1o over
240 tons, but much of its N-contents may have disappeared,

nolably as gases. Solid parts account for half that much of

which organic matter is probably only about 85 tons.
Compared to modern equivalents, Peder Knudsen’s
mixed manure resembles the enriched soil composts used in

hothouses rather than ‘real fertilizer’. Concentrations of

plant nutrients are quite low in the manure, but the total or-
ganic matter is high enough that the compost deserves to be
citlled *soil improver’.

V. The fields

Peder Knudsen tilled three types of fields, of which two
have already been reported; namely the fields in the high
parts of meadow and the temporary swidden fields in the
heathland. The first type mainly produced the oats for the
horses, and the last type rye, probably for the market. These
specific uses make it difficult 1o get information on areas
tilled and yields gained. Fortunately, both types hardly use
much of the manure, on which so much productive effort
has been spent. The swiddens used much of the sheep’s
dung , sometimes supplemented with mud or ashes - espe-
cially after the 30es when potatoes were grown.

Use af the field

The main area to be tilled and manured was the infield. Its
area was registered: to about 30 ha (55 tdr.) land. but its use
in detail has only been discovered through analyses. To de-
termine the annual use of the area, the diary is of assistance:
the main rotation can be deduced from its information. The
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main cultivation seems approximately to have followed a
12 yearcycle:

The rotation applied resembles the general “two-course
rotation” of that time, but the rotation was not strictly fol-

6.-12.

barley Tve rye rye {rye) fallow

Muanuring took place in the aiseni of vear 12, and in the spring be-

Sowe the Dst barley was sown, The rye in year 2 was fienee rermmed

SINGRIEe rye.

lowed. and the various field units were without fixed limits.
Thus the system belongs to the “pasture-field systems’ (Dan-
ish: graesmark-systemer. Frandsen, 1983). Their advantage
was, that they allowed some flexibility regarding rotation - in
casu: in the fifth year, depending on lertility, either rye or
buckwheat was sown or the area fallowed. Also the rotation
for a given piece of land could be shortened or extended to
make full use of the manuring, The diagramme shows an *av-
erage’ condition of rotation,

[f the rotation shown is used as a basis, some figures can
be estimated for the use of the areas in general: Area sown/
yr: 23 tdr. land. Fallow area: 32 tdr., barley: 4.6 tdr., rye: 9.2
- 13.75 tdr. Buckwheat would probably coversome 1-2tdr.,
taken from the part of rye. Oats were generally not a part of
the infield rotation, but mainly grown inthe high parts of the
meadow.

Yields

Gormsen {1991) found from the diary the amounts of seeds
usually planted, and derived from this, assuming a reason-
able use of seeds per td.. that the areas annually sown were:
Barley 3 tdr. land, rye: 161dr,, oats 3 tdr, and buckwheat 1/4
td. From these figures, applying some traditional values for
yield/seed ratios, annual yields have been estimated (Table
12). Because of its low grain-weight, the buckwheat area
may have been slightly underestimated,

The rotational cycle was applied to some 6 ‘field units’,
meaning that 6 ‘mature’ fallow areas were ploughed every
year. Manure was only applied before barley was sown. In
the autumn, before a first year barley parcel was ploughed,
manure was applied. followed by another application in the
spring with an additional ploughing. The last application of
manure was the most substantial one, which often amounted
to more than two hundred cartloads of mixed manure pertd.
land (or four hundred cartloads per ha) - corresponding o a
layer of about 5 cm over the entire area to be sown. Buck-
wheat was usually sown to replace barley in the cycle in



some field units. and in other places oats were sown instead
of the fourth crop of rye. Potatoes were also grown. but
mainly in the heath. outside the rotational area. Especially
alter the 1840s potatoes gained importance. They could be
grown in outfield-heathland. usually only manu-red with
sheep’s dung. sometimes with a little manure added. Pota-
toes were usually followed by a crop of rye before
fallowing.

From these considerations follow that only some 2 - 214
ha were fully manured per year, This corresponds to at least
about 400 cartloads of manure (or about 140 tons). which
were in fact available. Over double the amount was used in
some years (780 - 1200 cart loads). In the lMow tables 600
-artloads, apparently a normal application. have been as-
sumed.

If the inputs of fertilising elements (disregarding losses)
from the cowshed/farmyard mentioned in the previous sec-
tion are considered, the 2-2% ha manured per year would be
covered with mixed manure containing the following plant
available nutrient elements (see Flow F): The lowest stand-
ard application of fertiliser via dung was apparently ~ 480
kg/haof N, ~65 kg/haol P, and 460 kg/ha of K. 1t should be
remembered, that these amounts are excluding losses, nu-
trients made unavailable ete.

Nutrient balance of the soil

Even in relation to modern crop requirements, which for a
50 hkg/ha roughly are 130 kg N.30 kg P. and 70 kg K on
sandy soils, the dosage seems high, though losses are at
play. In modern agriculture losses in the stable may exceed
50% of N, and lower, variable losses of both P and K.
Losses of P and K were presumably small on Peder
Knudsen’s land, but only guesswork applies in estimating
losses of N. Losses of N in relation to microbial activities
arc no doubt significant, but partly also beneficial in assist-
ing decomposition of woody matter and in increasing pH.
Losses of Pand K are probably mainly from chemical fixa-
tion.

A different estimation can be carried out, based on the
volume and contents of the farmyard middens. These con-
sisted of 4 layers of dung encapsulated in 5 layers of soil or
treek. Each layer of dung contained 20-25 cartloads, and a
layer of treek of 60-70 loads, totalling 380-450 loads, each
of 350 kg, or 135-160 tons. The contents of N, P, and K can
be estimated from analyses of chopped up trek and of cow
dung. Again it has unrealistically been assumed, that no
losses of N, P, K took place since the mixing of the compost.
From these assumptions follow that NPK contents amount-
ed o

Ni~1.1-1.3tons P ~80-100 kg. K:~140-175 kg

[Fthe analysed contents of treek with no addition of dung are
used as a basis for calculation the following figures are
found instead:
N:~0.9-1.01ons
or
N:~360-430Kkefha P:~18-35kgfha K:~88-113kg/ha

P:~45-80kg K:~220-260ke

Even these figures are high, but are based on a situation re-

sembling practices on Peder Knudsen®s farm, so they prob-
ably represent a good approximation. The worst source of
error, however, is much the same. namely that specifically
the contents of N and K vary widely incow’s dung, both in
relation to fodder and to the “age” of the dung - in part due to
heavy evaporation of N-gases.

The vields of the various crops can not be found from the
diary, but have instead been estimated from the reported use
ol sceds and assumed coefficients yield/seed (Danish: fold.
seed multiplier) from various sources. The yields seem
low, but other contemporary sources report similar low
yields from heathland areas (Table 9). Amounts fed back
into the cowshed are given intable “Flow G,

If yields were modest. so were their resulting harvest
losses. When these losses are related to the area harvested,
the following figures are found:
Harvest losses:

N:~ 35kgfha, P~ 4.7 kg/ha, and
Similarly adduction:
N:~325kg/ha,  P:~30 kg/ha,and

K:~ 39kg/ha.

K: ~ 145 kg/ha

From the figures tollow that a substantial surplus of nutri-
ents has to be expected for increasing fertility.

The magnitude of the losses can be discussed. Regarding
Pitis known from experience, that utility decreases with dos-
age. At~40kg/hafyr nearly 80% is withheld, at ~ 150 kg itis
only about 35 %. From this it may follow, that the P-demand
of the crops is covered. How much is saved in the soil de-
pendson retentioncapacity. Similarly with K requirements, a
certain luxury-uptake’ seems to take place, which makes as-
sessment of dosage difficult, but also prevents a very high
lossfrom leaching. Finally, losses of N increase tremen-
dously with concentrations. Usually more than 509 is lost at
high doses. There is ample room for losses of that magnitude,
but the real ones were no doubt higher, because of the very
low retention capacity. The crops used at Peder Knudsen’s
time would overdevelop stems at high doses of N: but this
problem was never recorded.

Of great importance was the high volume of organic,
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‘woody’ material deposited in the soil of the field, since it
amounted to more than 30% of the total adducted materials
or roundly 120 tons. Mixed into the ploughed top layer (25
cm thick, weighing some 1200 tons) of the two ha manured
per year, this material would initially increase the organic
contents of 10 % for the field with an impact on both nutri-
ent- and water retention capacity. How much the initial per-
cenlage will be reduced during the rotational cycle must be
left for guesswork.,

In the preceeding text and the tables in the back. main fea-
tures relating to the flow of matter through Peder Knudsen™s
farm have been described and some rough estimates of quan-
tities made. Clearly such an approach was only meant as a
lirst approximation. The losses, mentioned inseveral places,
remain unknown and significant, They are. in fact, decisive
for the total outcome of the farming strategy.

The Field Experiment

Peder Knudsen apparently exerted great care and used
much work to avoid losses by the nutrient transfer process.
Experimental observations of these losses would therefore
be of interest, the more so since the transfer system prob-
ably reached its highest development at the time of Peder
Knudsen, which generally was at peak for preindustrial,
ccologically self-sustaining farming.

Aficld experiment at 1:3 scale applying functionally, but
not necessarily identical practices in the historical sense,
was carried out 1992-94, The main aims were:

- to observe the effects on landscapes, specifically the
heathland, of the various simulated farming practices of
the time of *original’ heathland.

- to assess the flows of matter within the traditional farm-
ing system. One of the main goals was to observe the
losses by the nutrient transferring process i.e. the com-
bined effects of using the heather-‘napkin’ system and
the resulting absorption, deconcen tration and decompo-
sition from mixing manure in Peder Knudsen's way.
Because the experiment from various reasons was lefi

unfinished, observations were relatively few and only on
short-term effects. Some of these related to effects on the
cultural landscape, specifically the heathland. of the prac-
tices applied. Another set of initial observa tions describe
one of main flows of the farming system, namely the flow
from cowshed to midden to field.

Effects on the cultural landscape were deduced from
observing changes of the heathland according to uses:
browsing. burning, cutting and “peeling” of mrerk. This last

56 Geografisk Tidsskrift. Danish Journal of Geography 101

process, the peeling of rreek, had the strongest impact on
heathland, as many more years than the duration of the
experiment would be required for a regeneration of the veg-
etative cover. An alarming effect was the tendency for crea-
tion of drifting sand. Also burning had aremarkable impact,
leaving totally bare soil that was revegetated by slow inva-
sion from the surrounding vegetation. Mowing of heather
rejuvenated old plants to variable degrees, and grazing/
browsing could slow down the degeneration of old heather
vegetation. but was often insufficiently to regenerate
healthy growth. Browsing by sheep seems to reveal a lot of
preferencesfavoidances. Most of the observations men-
tioned are not unigue, and have been made also in other
places, e.g. on the nearby Hjelm Hede (reported i.a. by Riis-
Nielsen). See also S&N 1991, The goal of the experiment
was to get an impression of the physiognomy of the histori-
cal heath-landscape, but this was prevented due to signifi-
cantatmospheric transport of nitrogen-compounds (~ 20 kg
of Nfyr) and also attacks of the heather-borer, Lymiaed.

The other part the field experiment comprised an attempt
to follow the flows of matter through the system and the
building up of an improved soil inthe infield. The main flow
from the meadow (feed) and from the infield (fodder) to the
stables-farmyard-midden unit, in which animals change the
fodder into dung, was simulated for almost two years. Dur-
ing these an auxilliary flow of track, soil and other fillers
were turned into mixed manure spread on the infield, which
should result in a fine compost. Observations of the two
streams mentioned aimed at allowing a quantitative assess-
ment of the main elements transferred to be made, together
with some of the effects of the transfer.

The first part of the transfer operations, producing the
mixed manure from a set of livestock, similar to and fed ad
maodum Peder Knudsen, was carried out and preliminary
assessments made. Subsequent use of the manure in the
(in}Mield was unsuccesful, although this link was primarily
geared toward clarifying the genesis of Danish “plaggen’-
types of soil, quite apart from the broader goals of observing
cffects of the ensuing soil-improvement. These questions
remain largely unanswered.

Summary and conclusions

The functions of Peder Knudsen's farming have been de-
scribed on the basis of available information, mainly from
his diary as given in Gormsen's studies (Gormsen 1982 and
1991), with additional information from maps and regis-
ters. Modern dala plus a few analyses have been used in an



attemplt to assess land use and productivity of arcas and
animals,

[tis believed. that the estimates arrived at. though of little
accuracy, together help create a general idea of the func-
tioning of the farming system. Of specific interest are the
operations by which plant nutrients were moved from the
meadow to the infield via the cowshed and its livestock.
decisively assisted by a series ol Mlows from the heathland.
The general Mow. depicted intables A - G and in Figure 4a
and b, reveals that spectacular guantities were deposited in
the (in)field every year, though it must be underscored. that
losses trom evaporation, leaching, surface run-off, decom-
position etc. have been impossible to estimate, Nonetheles
an ongoing enrichment of the tilled soil from adducted
organic material must have taken place. The quantities ol N,
P and K were so large that an improving effect most cer-
tainly was felt. even leaving generous margin for inevitable
harvest losses.

Some of the general questions raised on the specific type of

infield-outfield applicd by Peder Knudsen are related to:

- the function of the various elements of heathland farming.

- the nature of the synergy hetween functions of the ele-
ments, leading to ¢.g. an understanding of the relation-
ship between area type and size, as well as number of live-
stock.

Answers to the questions have been provided inasmuch as ;

-the flows connecting the various clements in Peder Knud-
sen’s system have been identified, and theirmutual inter-
dependence has been pointed at.

- the dimensions of the flows have been approached.

Based on such observations the most important linkages

within the system seem to include the following.

1) Productivity of the meadow was seen a major limiting
lactor for the number, size and yield of livestock, specifi-
callv the ruminants. The meadow was used to contempo-
rary capacity.

2) Livestock functions - directly dung production in terms
of quality and quantity, but alse transporting capacity -
were a limiting factor for the harvest yields of the inficld.

3) Manuring practices, dependent on additives from the
heathland, greatly influenced the net transfer of fertilising
elements 1o the field and hence its yields. Use of treek
played an important role in conservation of nutricnts
by absorbing and de-concentrating elements. The dung no
doubt influenced the decomposition of nutrients from
treek, and accelerated forma tion of humic matter (¢f. mod-

ern use of ammonia on straw ). but the heathland delivered
the basic materials for lasting soil improvement. The
heathland scems to have been used to capacity at the tech-
nical level of that time,

4) The combined effects of points 1) 1o 3) were decisive for
solving the soil fertility problem by increasing retention
capacities for plant nutrient ions and for water - and hence
also for the yields and stability of cercal production.

5)Cereal production - though with relatively modest yiclds
- amplificd possibilities for supporting livestock. both ru-
minants and others (e.g. horses), which increased effi-
ciency of transportation and diversified production - by
increasing possibilities for full utilisation of the meadow
and heathland potentials.

6) General applicability of a rule *lixed proportion of me-
adow area to heads of cattle’, and hence a sirict relation (a
‘gearing’) of meadow to cultivated acreage can not
proven, though such a relation seems to have been per-
ceived by Peder Knudsen. A functional limitation existed
both regarding the relation meadow/heads of cattle and
cattlefcultivable hectares of lield, but both relations de-
pend on kind of technique applied, e.g. regarding effec-
tiveness of the handling of manure. Th‘c refined handling
of dung/manure has - apart from a few exceptions {e.g.
Stoklund 1990) - not raised much attention in reported
Danish research.

71 The enormous transportation demands in Peder Knud-
sen’s system was a serious tax on draught animals and
work force, but was made tolerable since much transport
took place in the off-season to cereal production.

The points 1-7 above all indicate, that an appreciation of
Peder Knudsen’s farming requires an insight in the interac-
tions constituting the farming system. As shown theoreti-
cally by Rasmussen (1979) the infield-outfield system has a
capacity for increasing the combined utility of in- and out-
ficld. Peder Knudsen’s farm is no exceptionto that rule, and
gocs further to demonstrate that the farm work force (hu-
man and animals) is. if not decisive, then at least an impor-
tant limiting factor for the total utility of the system.
Evidently. the accuracy of the flow assessment is doubt-
ful: the amounts are not given indetail every year, so figures
believed to be representative have been used. Amounts are
given in cartloads, a very approximative measure etc. Yet
there is a certain coherence in the findings of this analysis of
flows, indicating that some generalitics prevail. A few of
the general findings shall be mentioned (see Figure 4aand b).
The conspicuous volume of total transports merits com-
ments. From the meadow over 10 tons (Flow A) were every
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year transferred to the cowshed, where they met withabout  materials for soil improvement came from the heathland
100 tons (B and C) - or often over 200 tons (B.C and D) - (2.5 versus ~ 6.5 tons).

originating from the heathland. Whereas fodder stemmed Regarding contents of N, Pand K, the heathland contrib-
from the meadow and the (in)field (~10.000 and ~24.000 uted, except for N. about the same amounts as those from
FE respectively) (see A and G). the great mass of organic  the meadow to the cowshed (Figure 4a and b): ~ 650 kg N,

N

Field
(30 ha)

17 tons

F

241 fons

Meadow |A

(6.6 ha) 10 tons >
B

27 tons

Heathland o

(270 ha) 81 tons

C+D = 186 tons

105 tons

o
WO
o

Figure da. Flows in Peder Knudsen's faron in tons/yvear.

G 99/32/182
h::idhc:;" Arimad E
: Cowshed E Field
Farmyard [479/67/456 970/87/553
B ) (30 ha)
159/7/48
Heathland c
(270ha) | 434116185
D
57/4112

Figure #b. Flows in Peder Knudsen's furm showing amounis of N. P and K shown in that sequence,
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~30kgPand ~145 kg K (Flows B, Cand D added: trek used
for soil fill). This should be compared to supplies from the
meadow and infield of ~220ke N, ~30 kg Pand ~225 kg K.

Itmust be noted that plant nutrients in heathland materi-
als were much more strongly lixed and thus less available
than those of the meadow. Beginning in the cowshed . de-
composition gathered speed in the midden and field, prob-
ably catalysed by ammonia-compounds released by micro-
bial processes, [fthisis true, the significance of the meadow
was perhaps just as important as a source of catalysts than
readily available fertiliser. The farming system most
clearly belongs o the group of “concentrational” agricul-
ture. However, plant nutrients were concentrated both from
transfer from one element, the meadow, as well as during
transfer from the heathland.

The losses trom dung and mixed manure were no doubt
conspicuous- even morg so when dealing with N-contain-
ing materials than the two other considered considered (P
and K). Most of the altter two were transferred with the
organic {"woody”) materails from the heath. Soil quality
was improved due to the fact that up to 400 tons of enriched
materials were mixed into only about 2-3 ha of annually
tilled arca. Even now ., more than 150 years after Peder
Knudsen's activities, his former infield requires about 30 kg
of NPK-fertilser less per ha than the surrounding areas.

The cost of the improvement was high: almost 300 tons
(notincluding water contents) to be carted from the outfield
{meadow, heathland) to the cowshed/farmyard, and from
there to the outfield. And the reward was relatively modest:
crops of cereals (~2 tons/ha of barley etc.), though with a
marketable surplus, to which should be added most materi-
als for subsistence, including milk and occasional meat. It
should not be forgotten that a general intensification of land
use combined with improved crop security were parts of the
improve ment.

Altogether the farming system served its purpose: to
solve the problems of poor soil quality by a strategy of con-
centration and conservation. The low concentrations of
chemical elements in the constituent parts of Peder Knud-
sen’s compost prevented high losses of nutrients, but also
demanded high labour inputs. The system thus differs es-
sentially from the strategy of modern agriculture.

Apart from an initial demonstration of the main features
of Peder Knudsen's farming system as an intricately bal-
anced composition of areas, their uses, animals and prac-
tices, the description of quantitative properties of the farm-
ing is only approximate. Especially two areas need further
investgation:

- the efficiency of the specific plant-nutrient transfer sys-

tem: meadow. cowshed. midden. infield (assisted by the

‘napkin’- practices using heathland materials); and
- the etfects of the system on soilimprovement and its long-

term effects on water and nutrient retention capacities.
The two areas mentioned represent just some of the most
prominent challenges. requiring long-term experimenta-
tion (= 10-15 years). Yet they remain important, alone for
the reason, that Peder Knudsen’s practices can be seen as
comprising some interesting solutions sought by the mod-
crn sustainability project. The historic system may repre-
sent one of the least polluting available, yet unfortunately
also one of the mostransport-intensive,

Research was funded by the Ministry of the Environ-
ment and the State Research Council for Science, and was
supported by and located atthe Hjerl Hede Friluftsmuseum,
All efforts of support and assistance, including inspiring
discussions in a quorum of interested persons, are hereby
gratefully acknowledged . Because of unforeseen difficul-
ties e.g. with the available area, the experiment had to be
discontinued; hence proven conclusions from this are few
and have generally been omitted from this presentation.

Tables and the list of references on nages 60-66
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Tables A : Tables describing the farming environment - Tables 1-3.

Table 1. Sub-soil particle size distribution in soils around Stavlund. Figures in dry weighe %,

Locality Kongenshus  Hegild Hogild Hogild Gindeskov Gindeskov Gindeskov
Sample numbers (9) (58) (63) (93) (7 (103} (13)
Coarse sand 739 66.9 65.2 62.4 854 71.2 36.0
Fine sand 26.1 ilo L7 26.1 13.9 244 63.3

Silt 0.1 1.0 1.4 6.3 0.2 4.4 (L5
Clay+silt 1.3 2.7 4.7 1.1 6.7 5.2 1.1

Source: Koie (1951): 108 I, sample no. referring 1o Koie™s primary table.
Kongenshus is located abt. 5 km, Hogild abt. 3%2 km east of Stavlund, and Gindeskov less than | km south of Staviund.

Table 2. Soil profile from Peder Knudsen's heatiland area. (Coll. [994),

Depth C Humus CEC H' K’ Ca™ N P total
— q, e meq/100g - % mg/kg
0-5 0.87 1.49 2.82 0 0.06 2.34 0.05 1862
5-10 0.84 1.45 3.27 0 0.09 2.81 0.05 1767
10-15 0.85 1.47 3.46 0 0.09 2.91 0.05 1529
15-25 0.66 1.13 5.28 2.66 0.04 2.26 0.03 1069
25-30 0.32 0.55 4.07 2.36 0.09 1.28 0.02 178
30-35 0.29 0.51 6.54 5.48 0.03 0.78 0.02 85
35-40 0.20 0.35 3.39 1.77 0.05 0.39 0.01 0
40-45 0.15 0.25 1.89 1.35 0.05 0.31 0.01 0
45-50 0.12 0.21 1.88 1.16 0.05 0.49 0.01 0

Note: The units given for here P correspond to units in ppm or gfton, and values for K multipied by 40 correspond to units of
gfkg used in text.

Table 3. Mean monihly precipitation (mnn) and mean temperarire (C°), Herning® 1886-1925.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Yr

mm 59 44 50 43 44 49 65 94 67 76 66 72 730

ce -0.1 -0.3 1.5 5.4 10.7 14.1 15.6 14.7 11.4 7.4 3.5 1.1 7.1

#) Herning is located about 23 km south of Staulund.
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Tables B: Describing features of Peder Knudsen’s farm, Tables 4- 12.
Note! Figures in the following tables have not been rounded to diminish cumulative errors from adding/multiplication.

Table 4. Estimates of daily fodder necds per head in FE = Fodder Equivalents of §hg bavley.

Animal Horses Bullocks Cows Young cattle Sheep All

2) (3) (3) (5) (50) livestock
Live weight 600 ke 450 kg 400 kg 100 kg (40 kg) 4,250 kg
Basic fodder 4.5FE 375FE 35FE 2.0FE (0.3 FE) 40.8 FE
Extra fodder 2 - (summer) 1.5 - (summer) 2.5 (all year) = - 16.0 FE

Source: L.1. (1989). Fodder requirements are estimated from those of modern cow. modified in proportion to
live-weight *historical cow’/*modern cow”. Sheep nol included in total.

Table 5. Estimates of toral onepnt from meadow based on varions assumptions.

Diary on hay harvest for winter consumption

29 cartloads ~10.2 tons

8.1 tons d.m. ~ 5,500 FE > 11.000 FEfyr

Modern productivity

From fodder requirements

4.9-6.9 rons d.m.

~ 20,000 FE*)

~ 20,000 (-28.000) FE/yr

~ 13,5-14,000 FE/yr

#) The figure includes contributions from barley and oats (grains + straw ): ~ 7,500 FE.

Table 6. Use of heathfand marerials per vear and arealttme for regeneration.

Initial use Place of Amount Dry weight  Areaused  Age of heather

use annually used of material  annually used(yrs) Toial

{lons) (ha) meeded

Sheep browsing heath 50x365x03FE 356 18 1- 2 (shoots) I8
Sheep fodder, winter  farmyard O cartloads 2.1 | 1- 2 {shoots) |
Treek®) cowshed 70 cartloads 24.5 0.1 [§0] 6
Bedding cowshed 3 cartloads 1.1 1 15-25 |
Midden soil®#) midden 230 cartloads 80.5 1.3 30 40
il ?;:-:I;:fln o 300 cartloads  105.0 0.2 30 6
Swidden outfield no transport (7} 2 30 60
Heatherf.fuel ashheap 3 cartloads 1.0 0.2 25 5
Sods f. fuel ashheap 70 cartloads  24.5 0.8 20 48
Total 700-900 cartloads 270 tons ~25 ha years

~185 ha x yrs

Source for column 1-3: Gormsen (op.cit.). Compiled from Peder Knudsen's diary. Assumption: Annual accretion of heather,
see Figure 3. Annual requirements in ‘hectare-years’, considering specific requirements for age of heather related to use.

#) Treek containing woody mass, roots and litter, supposed to be accumulated during at leas two life cycles, each 30 years or
ahout 30 tons in 60 vears, *¥) Midden-soil supposed to be 50% mineral soil and 50% organic materials. composed as rreek.
###) Soil-fill assumed 5% organic contents, as if ploughed to 25 cm directly from a heath surface 15 years old.
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Table?. Fodder consumprion

Material Amount Value during stallfeeding to the cow-
{tons) (FE) shedfarmyard.
Meadow hay 29 cartloads ~ 10.150 5.500
Heather hay 3 cartloads ~ 1.030 400
Grains (barley, oals) ~ 7000 7.500
Straw (barley, oats) ~  7.000 2.000
Total ~ 25.200 14,775
Fodder values from LI (1989): Specifically meadow hay, 1 FE ~ 1.84 kg fodder at 20% water
contents. Estimated: heather hay: | FE ~ 6.5 kg
Table 8. Manure produced per stable-feeding period (~ 1951365 vear).
Animal solid dung liquid dung N total P total K total
per head*) per head #) (kg) (kg) (kg)
Horses (2) 1.7 tfseason 1.5 tfseason 334 4.6 35.0
Bullocks (3) 1.4 - 1.2- 41.0 5.6 43.2
Cows (3) 23 - 2.0} - 69.4 9.2 0.1
Young animals (5) 0.8 - 0.6 - 36.7 5.3 372
Total ~19.5 ~15.6 180.5 247 185.5

*) Estimated from modern figures of all-year stall-fed cow with an intake of 5,000 FE/fyr, assuming dung production
proportionate to feed-intake and duration of stall-feeding (See Table 4). Figures on dung-production and contents based on L]

(1989b) except for horses,

Table 9. Fodder and dung. Comtents of NPK.

Fodder origin Fodder type Weight N P K
(tons) (kg) (kg) (kg)
Infield Grains + str#) ~ T7+7 04 31 133
Meadow M. hay ~ 10 162 28 226
Heath H. hay ~ 2 18 2 15
Total fodder ~17T+7 274 61 374
Total dung solid+liguid ~18+ 16 181 235 185

#) Straw only partly included. (- rye and buckwheat).
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Table M) Mixed manure per yeal

- According ta arigin.

Type Dung-mix ek furves Soil-fill Total Total
(cartloads) (cartloads) (cartloads) {cartloads) {tons)
Farmyard 70 (100) 230 (350) 200 (250} 300 (700} 175 (245)
Field heap 150 150 100 400 140
Ash heap 21 35 ashes 16 bogs 72 25
Total 91 (271) 265 (335) 316 (3606) 972(1172) 200 (4100
Figures refer o regular production: in parentheses: production occasionally added up to.
Table H. Annal production from cowshed: Contents of NPK.
N (ka) P (kg) K (kg)
Milk {1465 litres) 7.8 1.5 2.3
Weight iner. (825 kg) 31 4 3.3
Subtotal foods ~ 40 ~ 55 ~ 56
Dung (solid & lig.) ~ 181 ~ 25 ~ 185
Total products ~ 221 ~ 31 ~ 191
Table 12. Cropped arcas within rotation. end estimated vields per vear.
sowWn area Stored seeds  tdr seeds Sown ared Yieldfseeds  Gross yield nc_t Y |elld
I (-seeds)
{td. land) f1d. seed) pertd. land (1d land) fold (lons} ,
{tons)
Barley 42- 4.6 3#) 1:2 4-6 71 3.66 3.4
Ryc 12.2- 18.3 ¥ 1:2 14- 16 6:1 9.75 8.13
Oats 4.2- 46 42 1:12 3 Gl 4.01 3.60
Buckwhemt  1.25-2.50 5032~ 1/4 1:5 1/4 6:17 1.50 1.25

Socond column: Sown area from information on rotation. Fifth column: Sown arca from volumes of stored seeding
materials. Seventh column: Yields calculated from bushels of seeds multiplied by “vield to seeds- coefficient’. Bushels
converted 10 metric tons using following weight per bushel figures: barley 21.8 kg. rye: 25.4 . oats: 200 buckwheat: 10,
Areas sown per year varied (in relation to soil quality/fertilisation”).

*#y Gormsen (1991) has “8”.
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C) Tables describing flow of matter (plant nutrients etc.) within Peder Knudsen’s farm (ref. Figure 2 and 4),
Figures in the following tables have not been rounded to avoid cumulation of errors by adding/multiplication.

Flow A from meadow to cowshed.

Cowshed Cartloads Weight (kg) FE N (kg) Pikg) K (kg) Woody m.(kg)
Hay 29 10,150 5.500 22| 28 226 2.460

Source: "Graesho in L1 (1989).

Flow B from heathiand to cowshed|farmyard.
Cowshed Cartloads Weight(kg) FE N (kg) Pkg) Kikg)  Woody m. (kg)
Heather 6 2,100 ~ 400 18 1.4 15 441
Treek 70 24,500 V] 132 4.9 26 9.850
Bedding 3 1,050 0 0 0.7 1.5 220
Total 79 27,050 400 159 7.0 48.5 10,481

Heather assumed at 15% water. Contents: N: 0.90%, P: 0.07% and K- 0.87%. Treek contents: minerals 50%.

Of the rest: N: 1.08%, P: 0.04%, K: 0.21%, Bedding = heather.

Flow C from heathland to midden. Two alternatives shown as to composition of added material: treek or soil-filf,

Midden Cartloads Weight (kg) FE N (kg) P (kg) K (kg) Woody m. (kg)
Track 230 80,500 0 434 16 85 32360
Soil-fill 230 80,500 0 44 3 8.4 3,240

Contents of trek, see above. Soil-fill assumed al 5% orsanic contents, neglecting mineral contents of N.
J g U

(mostly unavailable to plants?). The values for treek have applied in the following.

Flow D from heathland to midden or infield. Case of extra 300 cartloads produced,

P and K

Midden orinfield  Cartloads Weight (kg) FE N (kg) P (kg) K (kg) Woody m, (kg)
Manure heap 300 105,000 0 57 4 12 2,100

Soil-fill here assumed at only 2 % organic contents, as at previously used infield area.

Flow C & D from heathland for ‘mixed manure” added®). Contens of NPK.
Midden/-infield  Cartloads Weight (kg) FE N (kg) P(kg) K (kg) Woody m. (kg)
Total 530 185,500 0 491 20 97 ~6,125

¥) These flows were normally added for the making of >mixed manure= . The high comtents of N, P and K are

when using freek for fill: in parenthesis are shown case of the soil-fill alternative.
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Flow E from cowshed to midden. I ivsses are disregarded. the flow is the suntof flows A, B.C.D and G. Plant nutvient elemenis in marerials

wxed i cowshed. Comenis of NOP and K.

Material: Fodder Weight (tons) FE Nikg) P (kg) K (ke)
Meadow hay 10150 53.500 221 24 236
Heather hay 1.050 ~200) I8 1.5 15
Grains + straw 17.400 8.600 O8.6 iz 182
texcl. rye)

Subtotal fodder 28.600 14,300 337.0 61.5 423
Muaterial: Bedding

Treek 24.500 - 132 4.9 257
Bedding 1.050 - v 0.7 1.5
Subtotal bedding 25.550 - 141 5.6 33.2
Total 54,200 14,300 478.6 67 456.5

Heather hay: figures from Stilfelt (1970), meadow hay, straw (barley) and grains: LI (1989), Mineral contents of triek/bed-
ding found from: N = 0.85% of dry matter = 0.85%. P =0.44 g/kg, K = 208 ppm. Source; analysis. Heather hay: 6.5 kg

~ | FE. Meadow hay: 5.5 kg = | FE. Source LI (1989)

Material Cartloads Weight (tons) N (kg) P {kg) Ko (kg
Flow E 108 + 54 479 67 456
Flow C 230 80 434 16 85
Flow D 300 105 57 4 12
Total 638 + 239 970 87 553

NB: Losses of N. P, and K from materials disregarded. Number of cartloads averaged.

#) Dung: see table 9; mix materials: see Flow B.

Crop Area (ha)  Net yield 1 FE N (kg) P (kg) K (kg)
Barley 1.6 310 3,040 40.4 12.2 12.2
Rye #} ~R.7 813 8.050 83.7 24.2 32.2
Oats ~1.6 2.84 2,450 36.0 0.8 123
Buckwheut 0.3 .10 1,100 11.4 33 5.5
Straw™#) 10.50 2333 10.8 7.0 151.6
Total 12.2 25.67 16.973 182.3 55.5 213.8
Total excl. rve 3.5 17.54 8.883 98.6 323 181.6

Contents in FE and of NPK. based on L.I. (1989).

*) Rye was not used for fodder. Amount of fodder-cereals was about 7 tons/yr.
##) Total harvest of straw: ~ 40 ons. Only ~ (1.5 tons were used for fodder.

Fiow 7 from midden o in-
field of mixed manure.
Flow Fisthe sumof flows I
+ C + D. Maner exported
frommidden cowshed farni-
yard. Contents of N, Pand K.

Flow G frominfieldto farm
{incl.cowshed).

Harvest, and contenrs of
NPK [ graing + straw'.
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