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MANURING IN BARROSO: A CRUCIAL FARMING PRACTICE

ESTER PORTELA (UTAD),
University of Tras-os-Montes, Portugal

Abstract: ,

This paper contains a meticulous analysis of endogenous development
patterns in the North of Portugal. It is especially rich in methodological
approaches to the issue of diverging development trends. It is concluded
that endogenous development implies in no way an isolation from external
elements. it contains, on the contrary, a carefully regulated balance
between internal and external elements. ‘
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Introduction

In Barroso, sustainable agriculture is based upon diversity of ‘crop -and animal
husbandry, nutrient cycling and utilization of all available endogenous resources. One
of these resources is manure. Soil fertility has been improved by application of large
quantities of farmyard manure and sheep, goat and pig manure. Barroso farming has
not been dependent on large inputs of fertilizers. However, those farmers that had
possessed the conditions for higher crop intensification are increasingly applying larger
amounts of fertilizers, frequently in inadequate quantities or inefficient proportions of
nutrients.A more efficient fertilizer-use (energy consuming) could be reached if more
was known about the local manures. In fact very little is known about the fertilizer value
of the several types of manures, arid the methods and practices related to manuring.
As Portela (1991) emphasized, research is needed for a thorough characterization of
the evolution and current conditions of Tras-os-Montes farming systems. Manure, a
crucial endogenous resource, has been neglected by researchers, advisors of state
laboratories and extensionists. However, it deserves a lot of attention. Indeed, manures
have a lot to do with the farmers’ conditions of work, with energy saving and with
ecologically sound agriculture. Obviously these aspects are closely related to the future
of farmers and farming, both in Southern and Northern Europe. :

The study of Barroso manures and manuring practices is one of the objectives of the
Vila Real project "Design Methods for Endogenous Regional Development" and it is an
element of the farming systems study. So the research was organized as two
components; one, a general study of the diversity of agricultural practices,. which
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assesses the relevance of animal manuring versus chemical fertilization in the different
farming systems. It was carried out in ten villages of Alto Barroso. The preliminary
results are presented in this seminar (see Cristévao, Qostindie and Pereira, 1992,
"Differentiated agricultural development patterns in Barroso: searching for alternative
intervention strategies"); the other, which constitutes our own study, is a more in-depth
oriented approach to an understanding of manuring practices: how are manures
'manufactured’? how much of them is applied? which materials are used? which crops
benefit the most? how endogenous? how labor intensive and onerous drudgery is it?
what are the main constraints? and what is the fertilizer value of manures? The study is
focused on only one village, Paredes do Rio (Alto Barroso) and is of an exploratory
character. This research has not yet been complete, so the results presented here are
preliminary in nature.

The persistent application of significant amounts of manure to soils with an already high
content of organic matter, like those of Barroso, is intriguing. The paper reviews
available data on manuring and fertilization and presents some hypotheses to explain
that puzzling farming practice. Finally the main constraints for the maintenance of
manuring practices are discussed. The results and ideas presented here are based on
several visits to the village of Paredes do Rio, on a review of the literature, and results
presented by Cristévao, QOostindie and Pereira (1992) at this seminar.

Barroso climate, topography and soils are unfavorable to agriculture

Barroso is located in the western part of Terra Fria (Cold Land) in Tras-os Montes
region in a range of altitudes between 700 m and 1300 m. Most arable land is located
on hilisides with slopes < 15 percent and pasture land which is ascribed to steeper
areas where slopés may reach > 25 percent. Mean annual rainfall varies from 1200 mm
and may reach values higher than 1400 mm, with mean annual temperature from 120
C to values lower than 80 C. In spite of the ecological homogeneity, Barroso
encompasses three climatic subzones: Terra Fria de Planalto, Terra Fria de Montanha
e a Terra Fria de Alta Montanha." The study was particularly focused on these two last
subzones, which broadly coincide with the so-called Alto Barroso.

The high precipitation and low temperatures, particularly in the autumn and winter,
explain the high content of organic matter in the soils. The average value of organic
matter in arable land is about 6 percent® and may often reach 10 percent (Agro-
consultores-Coba, 1991). The most significant soil units are Umbric Leptosols, Umbric
Cambisols and Umbric Regosols derived both from granites and schists. They might be
described as coarse-textured, with high acidity, a low content of exchangeable bases
and a high content of exchangeable aluminum.

! According to ecological homogeneous zones by Agroconsultores-Coba (1991): Terra Fria de Planalto

(rainfall > 1200 mm and mean temperatures 100C-120C), Terra Fria de Montanha (rainfall > 1200 mm

and mean temperatures 8(0C-100) e a Terra Fria de Alta Montanha (rainfall > 1400 m and mean

temperatures < 80C). v

2 Mean value of 60 surface soil samples collected in fields in the two years rotation, potato-rye (Portela et
al. 1986). ‘
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Very cold temperatures during most of the year and erratic. rainfall with dry spells are
the main climatic constraints. The high rainfall is concentrated in Autumn and Winter,
which can create poor aeration conditions, particularly in the depressions, and water
stress in Summer. Steep slopes restrict the area for arable crops due to both the
susceptibility of the soils to erosion and the lack of conditions for mechanization. The
coarse texture of the soils and high acidity are the main soil-limiting factors. The first
above mentioned soil characteristic is responsible for the low water-holding capacity
and the low reserve of nutrients. Acidity decreases availability of some nutrients and
solubilises the aluminum, which reduces root growth. Both climatic and soil conditions
restrict microbial activity, so the degradation of organic matter is slow-paced.

Figure 1. Relationships among the components of Barroso farming system and main
physical flows :
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The local farming systems cope with physical constraints

The Barroso physical environment imposes certain limits on agricultural production;
however, farmer response to physical constraints is rather unique. Agricuitural farming
systems are diverse, complex and dynamic. Portela (1991) has described in detail the
main components of farming systems of Terra Fria as well as their interrelationships.
Most of them are commom to those of Barroso. Figure 1 depicts in diagramatic form the
relationships between the components of the farming system: arable land, pasture land,
moorland, livestock, manuring and main physical flows in the system.

Agricultural production is diverse and the intensity of land use is variable. The main
produce is livestock and fodder to feed the animals. Cattle provide draught power and
manure. Pig-raising, goat and sheep herding also provide manure for agricultural land.
Pasture land (lameiros) provides the fodder; arable land supplies the potatoes, rye,
maize and fodder; and household gardens provide vegetables. Rye, rye-fodder and
potatoes (or maize) are cropped in a two-year rotation. More recently a four-year
rotation was introduced in Barroso, which included two years of temporary improved
pastures.

The other extensive component of crop production is the moorland (baldio), vast
uncultivated lands where Leptosols, shallow and stony soils with some rock outcrops,
predominate. The baldio is mainly perceived as grazing land, but it also supplies the
shrubs (mato or rogo) for bedding the animals.

Farmers try to use all available resources. Farmyard manure (FYM3 TERCO), pig,
goat and sheep manure are the principle sources for supplying nutrients and organic
matter to agricultural land, which are mainly provided by moorland which produces the
‘fodder and the shrubs for bedding the animals. In addition rye and maize straw are
entirely used for bedding the animals.

The great majority of natural vegetation of the moorland area consists of Leguminosae,
-such as brooms, winged brooms and gorses, which have high nitrogen content, and
constitutes a significant source of nutrients and organic matter for the arable land.
Irrigation water is used to increase grass growth and contributes to a better composition
of grass species in the pasture (Prins, 1991). Irrigation water is also used as a vehicle
for transporting considerable amounts of nutrients and organic residues. Heavy rainfall
drainage, in the spring, is diverted from the stables, pathways and yards along with
cattle excretion to the fields (dgua de surro).

Nutrient recycling has been an important element of the sustainable agriculture of
Barroso. Such recycling not only reduced the need for additional fertilizer elements but
simultaneously provided organic matter. Utilization of maize stalks, rye straw and
shrubs from moorland for livestock bedding has been crucial for maintaining soil fertility.
Animal bedding keeps the cattle clean and dry when they lie down in the stall and helps

8 FYM is described here as the mixture of urine, faeces and animal bedding that has suffered some
microbial decomposition. Animal bedding is composed of shrubs (mainly brooms, winged brooms,
gorses and heathers) and straw. The final product is a wet solid product stored in the stalls.
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to soak up the urine and faeces preventing nutrient loss, either by ammonia
volatilization or leaching of nutrients. In this manner there is an improvement. of the soil
fertility of agricultural land, which results from the transference of organic matter and
nutrients from the baldio. Mineral weathering constitutes a permanent supply of
nutrients in the moorland. Soil acidity and high rainfall are favorable to this natural
process. Depending on weather conditions, the cattle, sheep and goats are driven to
the baldio for grazing. During grazing, animals leave considerable droppings on the
permanent pastures and natural vegetation of the baldio which, although uneven in its
distribution, contributes to certain recycling of nutrients in the moorland.

Application of wood ash from fire stoves to household gardens is another way of
recycling wastes. Pig-raising is a manner for using wastes from household and
livestock food. The pig manure is applied on household gardens and maize fields.

Soil fertility and crop productivity have been maintained through manuring

Barroso farmers have perceived FYM and other animal manures as the main source for
supplying nutrients to arable or pasture land. Animal manures were so important that
sheep and goat herds were kept mainly for their manure (Gusmao, 1964; Pires, 1970).
Prins (1991) also mentioned the relevance ascribed by farmers to the quality of sheep
and goat manures. Their reduction of goat- and sheep-raising, and the decrease in
price of fertilizers has led to an increase of its application. However, farmers still apply
sighificant amounts of FYM.

In Barroso, livestock production is the main activity and the animals are kept in the
stables long enough to provide significant amounts of manure. Prins (1991) indicates
10 m3 of FYM per year per cow. As to Paredes do Rio prelimary results of this research
indicate a mean value of 9.6 m.3 .

The crops more abundantly manured are potatoes and maize and less frequently rye
and pastures. According to Pires (1970) the average quantities applied are 25-30 t.ha"1
of FYM to potato and maize fields, and 12-18 tha-1 to rye, when not preceded by
potatoes. More recent data collected by Cristévao et al. (1992) in 68 households of
Barroso, confirm these rates of FYM application, and there is.almost no difference
between the four agricultural systems identified, 24-29 t.ha"1 applied to potatoes and
23-28 t ha-1 to maize. : .

Although pasture land is sparingly manured, those who apply it prefer well-matured and
finely-divided manure (Pires, 1970; Prins 1991). Data of Cristévao et al. (1992) reveal
that dairy farmers apply reasonable amounis of FYM for creating new temporary
meadows. The authors also show that SCOM* dairy farmers apply more FYM in
pastures and haylands than is observed in other systems. This might be due to the fact
that they have substituted some of the arable land for pastures and hayland and have
some FYM available that has not been used for enriching potato fields.

In the last decades the intensification of milk-oriented systems has led some farmers to
build modern cowsheds. where the animals do not lie on shrubs and straw, and the

* Milk-oriented system in which the villages were provided with collective milking parlors (Salas
Colectivas de Ordenha Mecénica). :
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slurry (faeces plus urine and wash water, chorume) is collected in a large underground
cesspool. So, in these systems the amount of FYM produced has been reduced and
the more intensive dairy farmers do not collect mato anymore, but use rye and maize
straw only in the traditional stalls that have been maintained to supply FYM for arable
crops (Lima Santos, 1992; Cristévao et al.. 1992). The value of slurry as an organic
amendment is, indeed, negligible.

Intensive dairy farmers who have partially substituted FYM for slurry recognize that this
type of animal manure (with its low content of organic residues) has a lower effect on
crop productivity. That is why most of them maintain some traditional stalls to produce
FYM for arable land, reserving the slurry for pastures and haylands (Cristévdo et al..
1992). )

Barroso farmers apply low amounts of fertilizers

The actual amount of fertilizers applied by most farmers remains low. In general, it
appears that fertilizers have failed to bring higher productivity, at least in low revenue
crops like rye, maize and pastures. Fertilization of potatoes, the most marketable crop,
is widespread now, although often in quite inadequate quantities or inefficient nutrient
combinations. The relatively large quantities of FYM available, together with tight profit
margins may explain the low consumption of fertilizers. The low profit margins may be
related to a lack of knowledge due to inadequate advisory services about what type of
fertilizer, how much and when to apply. Very few farmers have analyzed the soils and
fertilizer recommendations are usually made by the cooperative salesperson.

Lima Santos (1992) referring to the data of Gomes (1945) mentioned that the mean
consumption of fertilizers- in Barroso in the 1930’s was 11 Kg/ha-1 P205, the use of N
fertilizers being zero. As to Montalegre Province, Pires (1970) estimated that the mean
consumption of nutrients in agricultural land for the year 1964-65 was 15 Kg/ha-1 N, 35
Kg/ha-1 P205 and 11 Kg/ha-1 K20. From the data collected by Bernardo (1988), in 18
households in the village of Morgade, it is possible to estimate the mean consumption
of nutrients for the year 1986: 37 Kg/ha-1 N, 44 Kg/ha*1 P205 and 28 Kg/ha™1 K20. It
is worth noting that farmers applied more phosphorous than nitrogen. In fact the input
of N from biological N fixation on the moorland indicates that, in this system,
phosphorus limits yield more strongly than nitrogen.

Data from 1982 to 1985 suggests that most farmers do not apply fertilizers to rye (J.
Portela et al. 1986): only one fourth of the farmers interviewed applied nitrogen as top
dressing at a rate of approximately 25 Kg/ha'1 N in 1982-83 and 1983-84 and two
thirds applied a mean value of 40 Kg/ha-1 N in-1984-85. It must be pointed out that in
this last year the rainfall during the winter was 400 mm above the mean value,
whereas the two preceding were average years. Farmers are unanimous in saying that
application of ammonium nitrate depends on the year and whether the rye has a look of
nitrogen starvation. They are very parsimonious in applying N, because most fields are
preceded by potatoes, this crop being abundantly manured and fertilized. If additional

® The term fertilizers will be employed here as chemicaly processed products, which are used to supply
plants with readly available mineral nutrients. It is employed in opposition to the term manures which
are products originated from animal or plant residues.
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fertilizer is applied the cereal might lodge. The same tendency was observed by Pires
in 1970 and recently by Cristévao et al. (1992).
During the 1960’s, there was no use of fertilizers in pastures or haylands. However,
with the intensification of meat and milk production, it became a more common
practice. Bernardo (1988) mentioned the use of ammonium nitrate in permanent
pastures in the village of Morgade. Lima Santos (1992) also referred to the
intensification of milk production which was done by increasing fodder by introducing
fertilizers in permanent pastures. Data by Cristévao et al. (1992) show the utilization of
higher rates of N fertilizers by milk producers. However, beef producers apply it at
rather low rates and frequency.
In the past, maize fields only received FYM, the application of fertilizers being almost nil
(Pires 1970; Bernardo 1988). Nowadays, farmers in the milk-oriented systems, use
both the FYM and some fertilizers, the 7.14.14. Based on data of Cristévao et al. (1992)
it is possible to calculate an approximate value of 30 Kg/ha-1 and 60 Kg/ha-1 P205 and
K20. However fewer meat producers use it, and in low quantities too, but with less
frequency. -
Potatoes were the most marketable crop and it was the one to which the great majority
of farmers abundantly, and many times excessively, applied fertilizers. Pires (1970)
mentioned as an average fertilization of potatoes, 60 Kg/ha-1 N, 143 Kg/ha-1 P205
~and 46 Kg/ha-1 K20 for a mean production of tubers of 12.8 t in Alio Barroso, and
Bernardo (1988) mentioned average values of 60 Kg/ha 1 N, 80100 Kg/ha-1 P205
and 70-100 Kg/ha-1 K20 for 1986. Calculations based on the recent data of Cristovdo
et al. (1992) are not far from these latter in the milking systems, 60 Kg/ha-1 N, 120
Kg/ha'1 P205 and K20 and somewhat lower in the beef systems, 50 Kg/ha'1 N, 100
Kg/ha-1 P205 and K20. Application of fertilizers depends, obviously, on the price of
crop/cost of fertilizer ratio. Some farmers related that the amount of fertilizer applied on
potatoes reached, in some years, 1 Kg of fettilizer (7.14.14) for 1 Kg of potato-seed.
That means an average application of 120 Kg/ha‘1 N, 240 Kg/ha"! P205 and 240
Kg/ha-1 K20, which are very excessive, even taking high potato yields of 15-17 t ha-1
into consideration. This rate of application was observed some years ago, when potato
prices were high and there were no market constraints on the demand side. These
fertilizer rates were reduced to half when the price of crop/cost of fertilizer ratio was
unfavorable.
In spite of the partial substitution of manure by fertilizers, the actual amount of N
provided to crops is relatively lower than that supplied by manuring. According to the
rough estimates of Lima Santos (1992) from three case-studies in 1989-90, concerning
the agricultural land, the contribution of N fertilizer depends upon the production
system. 16 percent of the nitrogen applied came from N fertilizer in the beef-system
and about 47 percent in the milk system. The results of Cristévao et al. (1992) show
clearly that, with the exception of potatoes, the inputs of fertilizers by meat producers
are rather limited, both in quantity and in frequency. The irregular application of
fertilizers in crops other than potatoes is related to any surplus left over from the
potatoes, or to weather conditions. ‘
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Manures are appreciated for effects that cannot be expected from fertilizers

In spite of the decrease in the price of fertilizers, dressings on agricultural land remain
low. It is undoubtedly recognized by farmers that these cannot substitute FYM. Farmers
stressed that if they do not apply FYM, but use fertilizer instead, the producitivity of
arable or vegetable crops will be drastically reduced over a two or three year period.
This means that the effect of FYM is not limited to providing nutrients to crops, but it
also increases nutrient availability. The effect of organic matter in reducing the intensity
of phosphate fixation by soil Fe or Al hydroxides has long been recognized. The
presence of gibbsite in the soils of Barroso is well documented by Silva (1980, 1983).
Complexation of Al and Fe reduces the fixation of phosphate to hydroxides.

The dual role of organic matter, as both a microbial substract and as a determinant of
the physical/chemical conditions in the soil environment is undeniable. In general, the
organic matter has a significant effect on physical soil properties such as the increase
of water-holding capacity or stability of soil structure. These soil properties are often
mentioned by farmers as important aspects ascribed to the application of FYM.
However, it seems that the imediate effect of FYM in promoting growth is more related
to chemical and microbiological reactions that occur after its application. In fact Prins
(1991) also mentions that farmers emphasize the rapid effect of manure on crop
growth. :

Few available data on the organic matter of Barroso soils refer to the C/N ratio and
content of humic substances. Data from Agroconsultores-Coba (1991) and Coutinho
(1989) show that C/N ration tends to be high (12-25) in most soils, and the percentage
of humic substances is only 50 percent of soil organic matter. These data suggest a
reduced degree of humification of organic matter, which means that the process of
degradation is slow, therefore the mineralization of organic matter is also slow-paced.
The slow rate of decomposition of organic matter is obviously due to reduced microbial
activity. Low temperatures, soil acidity and poor aeration are related to the slow rate of
organic matter decomposition. Climatic constraints are particularly relevant from
October to April, when temperatures are low and precipitation is high.

Although "Barroso soils have a high content of organic matter, the application of
reasonable amounts of FYM is perceived of as the only means of getting profitable crop
yields. Jansen (1984) has shown that N mineralization is more closely related to the
amount of young organic matter than to the total N content of soil. The addition of
young organic residues is also important to the stimulating effect on microbial activity,
which accelerates the decomposition rate of native soil organic matter. Organic matter,
as a nutrient store, releases nutrients gradually, providing essential nutrients that
cannot be retained by soil for long. This is particularly relevant for nitrogen in the
coarse-textured soils of Barroso, where leaching of N may not be negligible.

Moreover, organic matter buffers plants can grow against sudden changes in their
chemical environment. Aluminum toxicity is a major problem in many soils of Barroso,
restricting root growth and root ramification. However, it .might be ameliorated by
manuring, since Al is complexed by humic substances, reducing its solubility, and so its
phytotoxicity.

Not all the energy released during oxidation of organic residues is captured by
decomposing microbes, as a considerable amount is dissipated by heat (Reddy et al.
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1986). We admit that a possible rise in the temperature, due to enhanced microbial
activity, hastens germination and encourages early growth. In fact, in Barroso, the
planting of potatoes is a simultaneous operation with incorporation of FYM into the soil.
The farmers assertion about the immediate effect of FYM on crop growth, might be
related not only to the increase in nutrient availability but also to the rise in soil
temperature. The possibility of crop growth being stimulated by the application of FYM
due to an increase of soil temperature is supported by the farmers’ opinions about the
quality of goat-and sheep manures. They are known as “hot manures’ (estrumes
quentes) due to the fact that when incorporated into the soil they provoke a noticeable
rise in temperature.

In fact, fertilizers lack many of these effects on the soil environment and are actually a
complement to animal manures and are utilized mostly to supply phosphate, and for
stimulating growth in the spring, as is the case with the application of ammonium nitrate
as top dressing on pastures, hayland or rye.

Is there an alternative to traditional way of producing manures?

FYM includes shrubs collected from moorland, the greater part of which consists of
Leguminosae, which are able to use the nitrogen from air. So, in the cattle-systems the
nutrients that are supplied to the cultivated area are actually provided by the moorland
that produces the fodder and the litter-bed. In this manner there is an improvement of
the soil fertility of arable land, which results from the transference of organic matter and
nutrients from the baldio to the arable land.

The research by Cristévao et al. (1992) shows that farming systems oriented to milk
production hardly use baldio for pasture. Lima Santos (1992) has also observed that
the contribution of mato has been reduced in milking systems, being almost nil in the
most intensive ones. In these, some of the traditional stalls have been substituted by
modern cowsheds where cattle slurry is collected in large underground tanks and
animals are not supposed to lie on litter-beds. This results in a big loss of nutrients and
organic matter as compared to the traditional method. An important input of N into the
system is misspent: the N coming from the moorland, ascribed to nitrogen fixation in
Leguminous shrubs. Besides, there are losses of ammonia inside the stables and
losses also after spreading manure on the land. The utilization of cattle slurry
represents a very high cost practice because it encompasses a tremendous waste of N
and it could become an environmental threat. The loss of ammonia when animals are
bedded is very much reduced because the shrubs and straw have a great capacity to
soak up the urine and fix the ammonia (Kirchman, 1985).

Today, a lot of concern exists about ammonia emission and data is available on the
issue. According to Oosthoek et al. (1991) the emission of ammonia by cattle slurry
during the housing period is approximately 1 Kg of NH3 per month and per cow. Losses
of ammonia during and after land spreading of slurry on arable land can vary from 20 to
80 percent of the NH4-N and occur mainly in the first hours after spreading (Neeteson
and Wadman, 1990; Amberger, 1991; Doéhler 1991; Viassak et al. 1991). According to
the measurements estimated by Klarenbeek and Bruins (1991) the loss of ammonia
(NH3-N) due to spreading of cattle slurry was 1.1 Kg per m3 of slurry applied.
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Construction of modern stables with slurry tanks seems to be more attractive to farmers
because it reduces labour for collecting mato and for most of the operations described
above. Moreover, spreading of slurry is a mechanized operation, using a vacuum
tanker with a spreader. However, building modern cowsheds has been associated only
with milking systems and, in fact these systems have low expression in Barroso as yet.
The last official estimate indicates that milking cows represent less than 12 percent of
the cattle (RGA 1989). According to Lima Santos (1992) the low number of milk
producers is related to topographic limitations that restrict mechanization and the
availability of land for producing hay. The limits to mechanization were favorable to the
maintenance of animal traction and to the better use of a more available resource, the
baldio.

it has also been observed that some farmers dislike the new system of housing the
animals for reasons of climate and hygiene. Bedding the animals offers better
protection against the cold. In fact, some farmers are using straw for litter-beds in these
stables for the comfort of the animals as well as for getting more FYM.

In conclusion, we would say that the substitution of FYM by slurry is perhaps not a good
alternative, due to the physical constraints, the wasting of nutrients and the jeopardizing
of the environment.

Can farmers maintain the production of farmyard manures?

The traditional way of producing FYM seems to be correct from a technological and
ecological point of view, and should consequently be maintained. But, can farmers
maintain its production?
The answer, ultimately, will be linked to the following considerations: a) to the crops that
benefit the most; b) to landscape conditions; c) to the farmers working conditions; d) to
the labour needed. While the three last factors constitute the driving forces in the
decline of manuring, the increase or maintenance of both maize and potatoes
hectarage will likely sustain the practice. This situation occur in relation to an eventual
expansion of both seed-potato hectarage and local cattle breed. But the factors pushing
the decline of manuring are powerful. Indeed, the production and application of FYM to
the fields is highly time-consuming and requires a lot of unpleasant, hard manual work,
which is increasingly intolerable for old farmers. The effort to obtain mato seven to.nine
times per year and spread it in the stalls is a laborious job and involves many
operations. For example, it consists of going to the baldio, cutting, collecting, loading,
tying with a rope, transporting, unloading and spreading in the stalls. This process is
repeated several times a year for new layers of mato, and almost daily with straw,
which takes time, and requires hard physical effort. Moreover the accessible areas of
the moorland, are also those where the shrubs have been over-exploited. So, farmers
have to drive further and further a field for shrubs. The most attractive areas for
obtaining mato are the more leveled off areas and with no stones or rocky outcrops.
There, the work can be done quickly and there is no risk of damaging the blade of the
mechanical mower.
The chore to load wagons or ox-carts with FYM, to drive them over bad paths, between
narrow walls, and up and down steep slopes is also hard, unpleasant and time-
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consuming work. The stalls have small entrances which therefore cannot admit
wageons. So, FYM has to be manually shifted out of the stalls with a fork and loaded
onto wagons, and since all fields are fenced in by walls and many paths are narrow,
they do not always allow for the transit of the wagon by tractor. In this case farmers
have to push an ox-cart with the FYM.

Although many farmers use a mechanical mower to cut mato, some still use a hoe or a
scythe. For the village of Corva, Prins (1991) relates how "middle-farmers" still make
use of traditional methods, using no equipment for spreading FYM. The manure is
dropped off in small heaps and later on is spread all over the field and' ploughed under
with a tractor.

Conclusions

It seems that building modern cowsheds for producing slurry is not an appropriate
solution in Barroso for reducing labour or the hardship of work. Few alternatives are
left, beyond improving the tracks to the baldio and the paths to the fields, widening the
paths by moving the walls, building new stalls with larger entries and search for
adequate equipment for the special landscape- of Barroso.

Future work under this research programme could-be contributed to hlghhght some of
the hypotheses raised in this paper or others related to the lack of quantitative data
such as nutrient budgets, amounts of N and other nutrient inputs supplied by the
moorland, the amounts of nutrients leached out by rainfall, and so on or on other effects
of FYM in the soil environment, and of course on crop productlwty such as controlling
the soilborne diseases of potato tubers.
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