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The Seminar on Utilisation of Manures by Landspreading was held in that
part of Europe where the earliest known reference to this subject was made
by Virgil:

"..... whate'er
The sets thou plantest in the fields, thereon

Strew refuse rich.”

Virgil, Georgics, Bk. 2, lines 346-348. (Translated
into English verse by James Rhoades in the series

Great Books of the Western World - No.13 Virgil -

published by Encyclopaedia Britannica, 1952).

As a souvenir of that time this coin of Titus Flavius Sabinus Vespasianus,
Roman Emperor from 70 to 79 AD, was found near Modena. His statement:

"(pecunia) non olet” is well known.
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PREFACE

This publication contains the Proceedings of a Seminar held in Modena
(Italy) on September 20 - 24, 1978, under the auspices of the Commission of
the European Communities as a part of the CEC programme of co-ordination of

research on effluents from livestock.

The subject of the Seminar was Utilisation of Manures by Landspreading.
This subject was subdivided into the following themes:

- Manure and crop production

- Manure and pollution of surface waters

-~ Manure and pollution of soil and groundwater

- Regional aspects

- Veterinary aspects

- Miscellaneous

- Models on landspreading of manure

Sampling and analysis

One of the functions of the Seminar was to assess the current
situation and the available knowledge. For that reason no selection was
made from the papers presented. This may result in repetition of some

information in different papers.

An iﬁportant objective was to review the present analytical methods
with a view to assessing an improved homogeneity in the expression of the
results. A rough inventory of the analytical methods applied on soil,
water, crops and manure, was made and a list of the most important parameters
was discussed. These are the first steps towards more harmonised sampling
and analytical methods. On the basis of this survey it is proposed to set
up a working group which will improve the work already done and study the

possibility of writing a 'recipe book' for proposed standard technigues.

The Commission wishes to thank those representatives of the member
States who were responsible for the organisation and conduct of this
Seminar, notably Ir. J.H. Voorburg (Chairman), Professor F. Lanza and
Professor V. Boschi (local organisers); the chairmen of the sessions,
Dr. D. Strauch, Professor J.R. 0'Callaghan and Dr. H. van Dijk; also

Mr. J.C. Hawkins and Dr. K. Robinson who checked some of the papers.



THEME 1

CROP PRODUCTION

Chairman: J.H. Voorburg



AGRICULTURAL USE OF EFFLUENT FROM LIVESTOCKS: PROBLEMS AND
PERSPECTIVES IN ITALY

F, Lanza
Istituto Sperimentale Agronomico, Bari,Italy

INTRODUCTION

In the cattle and pig husbandry field, Italy comes last
among the EEC countries since it is only able to provide an
average two-thirds of its total consumption, even though its
consumption rate is one of the lowest in the Community.

National production cannot keep pace with growing needs; in fact,
Italy imports more meat than any other EEC country. In order

to reduce this meat deficit, or at least to avoid any increase
in it, an expansion in national livestock by means of large-
scale farms is advisable, as is the elimination of structural
weaknesses in the organisation of Italian farms, which are
notoriously much too small. However, it is precisely this
increase in the size of farms which poses enormous problems as
regards the use and disposal of liquid manures, particularly in
northern Italy where two-thirds of the livestock is produced.
Under these conditions, while the problem of cattle effluent is
at present relatively minor because it is still closely
connected to the farm, the problem of pig effluent is of pressing
urgency because of the concentrated and industrial nature of pig
rearing without bedding.

In the Emilia-Romagna region, which has a highly intensive
livestock production, with over a million head of cattle and a
quarter of the country's pig production, two kinds of systems
are to be found: firstly, the large, industrial kind of prod-
uction, not linked to the agricultural farm, and few in number,
and secondly, the small-scale kind of production, part of the
cheese-producing co-operatives.

While the former system is in the process of adopting
purifying equipment, the latter, which forms the bulk of the



livestock production, can utilise the soil made available

through the co-operative system, for the landspreading of

liquid pig manure. For these reasons the Modena section of the
Experimental Institute of Agronomy 1s interested primarily in
pig slurry and at this seminar my collaborators will talk about

a five-year trial in landspreading, I will limit myself in this
paper to giving a general survey of the problems and perspectives
in Italy, as indicated by our studies in Modena.

PROBLEMS AND PERSPECTIVES

The problems caused by livestock effluent in this region
are well-known: the lack of natural purification because of
the excess amount of organic matter; eutrophication of canals:
the lack of oxygen in waters where anaerobic bacterial flora
is prevalent leading to production of C02, st, CH4 and NH3
especially during the dry season.

However, in the vast majority (85 - 90%) of cases of pig
husbandry in the region, both as regards numbers (less than 500
head per farm) and as regards the modest size of the farms, it
is impossible to use a systeh of artificial purification for
liquid manure (biological and chemical sysééms),'which is
applicable only for the large industrial kind of animal husbandry.
The only possible system is the agricultural system, that is,
landspreading, because, as has already been mentioned, there
is land available.

The problems of landspreading are:

a) quantity of slurry produced by livestock, possibilities
of reducing volume of slurry and its storage.

b) composition and fertilising value of slurry.

c) crops'suitable for organic irrigation, rates per ha and
best times for spreading; spreading methods and optimal
ratio of heads of livestock per ha.

d) systematic study of effects of slurry on different crops
and soils.



From our experiences, the amount of pig slurry produced
is on average 9 m3 per head per year, of which four-fifths is
washing water. The capacity of tank storage, which is always
very low because of the very high cost, is filled up within
15 - 20 days on the average farm., Furthermore, when the slurry
cannot be used in the fields, it is discharged into public waters,
creating pollution problems.

The large amount of water needed for cleaning can be apprec-
iably reduced by the use of compressed air or eliminated by a
management system not requiring water. However, the most commén
solution to the problem of slurry storage is that of lagoon
storage which,if used as straightforward accumulation pits, can
have a depth of over 3m and a capacity of not less than 3 m3
per head. If the pits are to be used as oxidation tanks, then

the depth must be halved.

This appears to be the most popular method in the area,
and we feel it to be the most economical and rational method
as well, even though we have one or two doubts, such as the
possibility of polluting the ground water in light and.permeable
soils.

Frequent analysis over a period of three years has shown
that, as regards the livestock under examination, 1 m3 of pig
slurry contains an average of 24 kg of dry matter (of which
17 kg are organic matter) with almost 7 kg of N, P205, K,0,
with the approximate ratio of 1 : 0.5 : 1, Its value as
fertiliser, considering the present cost of fertilisers in
Italy, is much higher than 1 500 lire per m3, while landspreading
in less favourable conditions, costs no more than 1 000 lire per m3.

Through our experimental trials carried out over a period
of five years, forage crops have been found to respond best to
slurry application, because of its diluted state and neutral
reaction, particulary annual rye grass, maize (green forage and
silage crops), fodder sorghum and winter cereal forége crops
(barley, rye and oats). However, even sugar beet and alfalfa



reacted positively in tests carried out this year.

. The doses which allow for the highest production are, on

3 per hectare, but the most "economical",

average around 500 m
or those which give the best yield, do not go above 250 n3 per
ha. We may conclude that the optimal situation is 25 - 50 pigs
per ha, also taking into account the annual slurry application
and the possibility of negative repercussions on the soil and

on the underground water. While on the subject of soil, research
being carried out in our Institute would appear to show that

the soil destroys a vast amount of organic matter through its

self-regulating power.

A useful indication concerning the conditions of the Po
Valley, based on the right times for spreading and thus
minimising wastage and discharges into canals, is the
following.

During the whole of the autumn/winter period, the slurry
can be spread on forage crops (barley, rye, oats, annual rye-
grass), sown in October and on wheat until the end of March, and
even on old alfalfa fields as well as on ploughed fields await-
ing the spring sowings. In April spreading can be carried out
on fields of annual ryegrass which have already been given their
first cut, and on fields of maize and sugar beet immediately
before and after sowing. During May and the summer months, the
ideal crop for spreading is fodder sorghum (before and after
sowing and after every cut) and fodder maize (green and silage)
in the second crop after wheat. i

On the hillsides, and also in higher altitudes, it is
obviously meadow land which responds the best because it is
essentially made up of grasses.

The best landspreading methods, in our opinion, are by
liquid trailer or organic irrigation.



CONCLUSIONS

In Italy, most pig production is undertaken on too.small
a scale for purification plants to be used economically; in fact
only the large industrial concentrations can make use of them.

The agricultural farms of limited size are turning more
and more to landspreading, as well as trying to overcome the
seasonal difficulites which prevent landspreading, using,
primarily, artificial lagoon storage, and reducing the volume
of washing water.

The fertilising value of slurry, even when diluted, more
than compensates for the expense of spreading, and an even
greater use of landspreading is advisable. This would avoid
pollution of canal waters and would reduce energy consumption.

The farms involved in livestock producfion, and above all
the co-operatives, should plan wisely among their members the
annual spreading times as well as choosing the crops which are
to be spread.



FERTILISER VALUE OF ANIMAL MANURES

Hubert Tunney

The Agricultural Institute
Johnstown Castle Research Centre, Wexford, Ireland

INTRODUCTION

For centuries animal manures were used as the principal
source of maintaining soil fertility. 1In recent years, however,
the fertiliser value of animal manures has been ignored in many
developed countries, because of the availability of convenient
and relatively inexpensive chemical fertilisers.

The large quantities of manures produced at farm level by
intensive methods of animal rearing, coupled with availability
of chemical fertilisers has given rise to a situation often
referred to as the animal manures disposal problem.

The extent of the problems of manure disposal were not
envisaged in the early stages of intensive apimal rearing, which
developed in response‘to economic pressures. Solutions to these
problems are becoming available slowly. With present technology
the only acceptable method for disposal of animal manures is
application to agricultural land with or without pretreatment.

THE VALUE OF MANURES

In the Republic of Ireland approximately 90% of arable land
is devoted to grassland for dairy and beef production. The ‘
cattle population is equivalent to approximately five>million
livestock units (Lee and Diamond, 1972). One livestock unit is
equivalent to one 455 kg animal (Attwood and Heavey, 1964) The
winter feeding period varies from 120 to 150 days and grass silage
or hay supplemented with meals is the principal feed. Approx-
imately one third of the total faeces and urine is produced Qur-
ing the w1nter feeding period. There are about one million pig
places. '



On most farms in4Ireland it is possible to recycle the
nutrients in the manure to the conserve@ area for production of
the subsequent year's winter feed. On pig and poultry farms
this simple recycling relationship does not exist as most of the
feed is purchased, however, there is normally adequate land
available locally for spreading manure. Manure produced by
cattle in the 4 months winter period, and by pigs and poultry
in a year, has a fertiliser value of approximately £45 million
sterling in terms of the nitrogen (N), phosphorous (P), and
potassium (K) content.

A similar calculation for the 9 EEC countries assuming 70
million livestock units and 70 million pig places (Anon. 1976)
would give manure with a fertiliser value of approximately £550
million for cattle and £250 million for pigs. Manure from all
farm animals, including poultry, in the EEC has a potential
annual fertiliser value in the region of £1 000 million per
annum. To avail of this value, considerable investmen£ in stor-
age and spreading equipment is necessary on the farm. If used
efficiently, this manure represents an asset to the community
and reduces our dependence on imported fertilisers. On the other
hand if it is disposed on land at rates greatly in excess of
crop needs it is a potential source of soil and water pollution.

Where manure is applied at rates to supply adequate nut-
rients for crop needs, normally less than 55m3/ha (9% DM slurry)
equivalent to 5 tonnes dry matter/ha would be required, and at
this level the pollution risks would be minimal. Much of our
research efforts on animal manures in the last five years have

been devoted to integrating manures into a fertiliser programme.
COMPOSITION OF ANIMAL MANURES

In Ireland there are three main types of manure storage:
a) Farmyard manure - where straw is used as beddding
material;

b) Dungstead manure - where the manure without bedding is
scrapped into a compound about 1.5 m deep, liquids are



allowed to drain off and drying takes place during the-
summer. This manure is usually spread as a solid (mainly
faeces) on grassland in the autumn. The liquid from this
type of storage is usually irrigated by a small electric-
ally operated pump.

c) Slurry - consists of a mixture of faeces and urine to-
gether with variable quantities of rain and wash water.
Most of the pig manure and a small (perhaps 10%) but in-
creasing proportion of cattle manure is now being stored
and spread as slurry.

Samples of the different categories of manures were col-
lected from farms between 1973 and 1975, with a view to obtaining
up-to-date information on the N, P and K content of manures.

The results of the analyses are summarised in Table 1. Details
of methods are described elsewhere (Tunney and Molloy, 1975).

TABLE 1

SUMMARY OF THE N, P, K AND DRY MATTER CONTENT OF CATTLE AND PIG MANURES
FROM DIFFERENT FARMS

kg/ 1Om3 or kg/10 tonnes
% N P K
DM
Cattle (dairy and beef)
Farm Yard Manure Mean 20 45 10 68
(18 farms) Range 13-26 32-65 8-17 33-128
Dungstead Manure Mean 17 33 8 42
(16 farms) Range 10-23 20-52 5-12 30-60
Slurry Mean 8 40 7 42
(33 farms) Range 1-14 8-60 1-12 8-62
Pigs (sows and fatteners)
Slurry Mean 8 43 18 20
(20 farms) Range 1-21 12-70 1-45 6-34

These values give an indication of the average composition
of the different categories of manures. In particular, they show
the wide variation between farms in the composition of pig and
cattle slurries. This variation is due mainly to dilution with
water. The solid manures, namely farmyard and dungstead manures,
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by comparison, were relatively uniform with a two-fold variation

in composition between the highest and lowest farms. The
K content of cattle slurry reflects the grass silage diet
the high P in pig slurry reflects the mainly cereal diet.

A highly significant correlation exists between the
matter and the N, P, Ca and Mg content of both cattle and
slurry (Tunney and Molloy, 1975). The K content was also
to dry matter with a lower statistical significance. The

high
and

dry

pig
related
relation-

ship between dry matter and the N content of pig slurry is illus-
trated in Figure 1. This relationship also shows the relatively

uniform distribution over the range.

Nitrogen (kg/10M’)
»
Q

Nitrogen = 7-65 + 618(,D.M) — 0161(%, DMV’

R*=89-6%
20 P < 0001
10
3 ry 3 3 0 U % % ;-
% Dry Matter

Fig. 1 Relationship between dry matter and nitrogen content of pig slurry

(20 farms)

Undiluted pig slurry contains approximately 9% dry matter
(0'Callaghan et al., 1971). It appears from Figure 1 that values
with less than 9% dry matter were due mainly to dilution with
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water, and values over 9% were probably due to the liquid fract-
ion being drawn off, and the accumulation of the more solid mat-
erial in tanks that were not agitated properly.

This work demonstrates one of the major difficulties in
attempting to integrate manures into a fertiliser programme,
namely the wide variation in composition.

The close relationship between dry matter and fertiliser
nutrients indicated that a simple field test for dry matter would
be of value in solving the problem of variation in manure compo-
sition. A number of approaches were investigated. The close
relationship found between dry matter and specific gravity of
slurry (Tunney and Molloy, 1975) formed the basis of a hydro-
meter that could be used under field conditions to estimate dry
matter and fertiliser value of both cattle and pig‘slurry.

Figure 2 shows the relationship between dry matter and the
specific gravity of cattle and pig slurries from a number of

farms.
1-06
1-05} o Cattle Slurry
oPig Slurry
> 104t
>
E -
U}
2 103r
i i
o
“ 1.02 $G=1-0025 + -00385(%DM)
SEy, =-0001
R? = 96-0%
101
]‘od 1 ] 1 1 ) 1 1 1 1 1 l L | Nl A I
0 2 4 6 8 10 12 14 16
%Dry Matter

Fig, 2 Relationship between dry matter and specific gravity of cattle
(33 farms) and pig (25 farms) slurry.
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Figure 3 illustrates the hydrometer, calibrated in percent

dry matter, being used to estimate the dry matter of two samples
of pig slurry. &

i

Fig. 3 Estimating dry matter of pig slurry by hydrometer

ANIMAL MANURES AS FERTILISER

The results of experiments to date with cattle and pig
manures for grass silage production (Tunney, 1975), indicate that
to obtain maximum benefit from nutrients in pig slurry it should
be applied at rates to supply adequate P and N and supplemented
with K fertiliser. Cattle slurry should be applied at rates to
supply adequate K and be supplemented with P and N. At equal
rates of N, pig slurry gave consistently better grass dry matter
yields than cattle slurry. This may be due in part to the higher
nitrogen availability of pig slurry. However, it appears that
other factors may be involved. In these experiments it was noted
that cattle slurry at 33m3/ha gave higher yields than at 55m3/ha
(Table 2). This indicates that cattle slurry may have an adverse
physical or chemical effect on grass growth. It has been noted

that cattle slurry forms a coating on the grass surface which
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may last for several weeks under dry weather conditions. It is
likely that this coat of slurry reduces the light available to
the grass for photosynthesis. Pig slurry, because of its gran-
ular nature, in comparison to the fibrous nature of slurry from
cattle fed on hay or silage, does not form a dense coating on
the grass surface.

The grass yields for this work in 1973 and 1974 are sum-
marised in Table 2.

TABLE 2

COMPARISON OF GRASS YIELDS WITH CATTLE SLURRY, PIG SLURRY AND CHEMICAL
FERTILISERS (Tunney, 1975)

Yield tonnes DM/ha
Slurry m3/ha 1973 (means of 10 plots)
(two applications)

Cut 1 Cut 2 Cut 3 Total
Fertiliser Standard 5.43 4.35 1.86 11.64
Pig Slurry 73 5.27 4.38 2.31 11.96
Cattle Slurry 73 5.21 3.81 2,19 11.27
Standard Error .24 .22 .14 .41

1974 (means of 5 plots)

Fertiliser Standard 7.14 4.86 1.94 13.85
High 7.04 6.20 2.29 15.53
Pig Slurry 68 6.36 4.40 2.62 13.49
112 5.94 5.46 3.30 14.63
Cattle Slurry 68 6.00 3.74 2.56 12.30
112 5.50 3.28 2.86 11.54
Standard Error .28 .25 .24 .59

In an experiment to compare the response of different grass
species to pig slurry and chemical fertiliser it was found that
none of the species tested were particularly well suited or un-
suited for use with pig slurry (Tunney, 1975). The grasses
tested included cocksfoot, timothy, meadow fescue, tall fescue,
perennial ryegrass, perennial ryegrass plus clover, RVP Italian
ryegrass.
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In another experiment it was found that both pig and cat-
tle slurry can be used successfully for sugar beet production.
Particularly good yields were obtained with pig slurry. At
45m3/ha, pig slurry should be supplemented with K, and cattle
slurry with P. Borax supplementation is necessary with both
slurries.

Slurry is not well suited for production of cereals be-
cause of their critical nitrogen requirements and the variation
in composition of manures. However, pig slurry of known compo-
sition can be used to replace the chemical fertiliser reguire-
ments of cereal crops.

RECOMMENDATIONS FOR THE USE OF MANURES IN A FERTILISER PROGRAMME

Based on results and experience over the past few years
information on the use of slurry in a fertiliser programme is
being passed on to farmers through the agricultural advisory
services. These recommendations take into account the fertiliser
requirements of the crop and the quantity of animal manure in
combination with chemical fertiliser that will supply these needs.

It is assumed that half the N in cattle slurry and two-
thirds of the N in pig slurry becomes available in the year of
application. The K in slurry is assumed to be as available as
the K in chemical fertilisers. The P is also regarded to be as
available as in chemical fertiliser where soil P levels are
medium or high. It is also assumed that the manures are being
used to obtain maximum benefit from the nutrients present.

Under Irish conditions it is recommended that cattle slurry
should be applied to land conserved for silage or hay. Cattle
slurry is not suited for grazing land as it is too ﬂigh in K and
a dressing as low as 10m3/ha would mean excess K being used. In
addition, there may be risks to animal health where slurry is
applied for grazing. Pig slurry on the other hand is part;culaq}

well suited for pasture and 17m3/ha of good pig slurry (7% to 9%
DM) will supply the annual P and K requirements. Pig slurry is
also ideal for hay and silage land. Slurry should be applied



15

to grassland that has been closely grazed or cut. Applying

slurry to long grass increased the risk of contamination and can
reduce yield. Slurry for silage should be applied 7 to 8 weeks
before cutting. In Ireland the most suitable time for application
is April for first cut silage and in June for a second cut.

Table 3 is an example of the recommendations for the use of pig
and cattle slurry of average composition for grass silage pro-
duction. Further details of recommendations are available else-
where (Tunney, 1976).

TABLE 3
RECOMMENDATIONS OF SLURRY AND FERTILISER FOR GRASS SILAGE PRODUCTION

Spring Autumn
Cattle Slurry 35m3/ha 10 kg P/ha
+ 30 kg N/ha
Pig Slurry 25m3/ha 60 kg K/ha
+ 30 kg N/ha

EFFECTS OF SLURRY ON SOIL AND GRASS COMPOSITION

Soil analyses on experimental plots (Tunney, 1975) indicate
that land receiving cattle slurry has a high K value and land
receiving pilig slurry has high P values. In a recent study there
are indications that P in pig slurry gives higher available P
readings (Morgan's extractant) than equivalent amounts of fert-
iliser P. Soil receiving pig slurry showed a slight increase in
pH and a reduction in available manganese. Grass receiving pig
slurry showed higher Calcium (Ca) and Magnesium (mg) and lower
Manganese levels than fertiliser treated grass. The Mg level of
grass from cattle slurry treated plots was significantly lower
than with fertiliser treatments (Tunney, 1976). The results
obtained are summarised in Table 4. Slurry and fertiliser treat-
ments were applied before each cut.
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TABLE 4
EFFECTS OF SLURRY ON

MAGNESIUM (% ON DM) CONTENT OF GRASS
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1974 1975
Cut 1 Cut 2 Cut 3 Cut 1 Cut 2 Cut 3
Cattle Slurry .19 .19 .13 .18 .19 .22
Pig Slurry .25 .28 .33 .25 .26 .29
Fertiliser .22 .24 .28 .25 .23 .25

The K content on the grass on the cattle slurry plots was
not significantly higher than the fertiliser plots. However
the soil K readings were higher with cattle slurry. These re-
sults suggest that slurry use without careful attention to nut-
rient balance could lead to animal health problems. Regular
soil analysis is the most reliable way of ensuring that a sat-
isfactory nutrient balance is maintained on land receiving man-

ure.
EEC RESEARCH PROJECTS
Effects of cattle slurry and pig slurry on yield and quality of

grass silage.
This experiment consists of 30 plots of 0.4 ha each.

Ten
of these plots receive fertiliser at the standard rate and ten
Plots receive cattle slurry at 45 m3/ha in April for first cut
The other

The silage from

silage and 35 m3/ha in June for second cut silage.
ten plots receive pig slurry at the same rate.
the three treatments are made into separate pits of silage and
will be fed to three separate groups of beef animals during the
winter of 1976/77 to study the effects of slurry on animal sil-
age intake and liveweight gain.
treatment.

There will be 20 animals per

Yield, % dry matter, N, P, K, Ca and Mg of the herbage is
being measured. Silage pH, dry matter, digestibility and pro-
tein content, are being measured. Soil pH, and available P and

K are also being monitored.
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Incremental slurry and fertiliser N interactions on grassland.
In this experiment O, 30, 60 and 90 kg fertiliser N/ha

was applied in factorial combination with O, 20, 40 and 60 m3/ha

of cattle slurry. There is one pig slurry treatment at 40 m3/ha

in combination with the same rates of fertiliser nitrogen.
There is a washed and an unwashed treatment superimposed on the
above treatments to obtain information on the effects of washing
the slurry from the grass surface. There are six replications
and each plot measures 3m by 8m. Figure 4 shows cattle slurry
being applied to this experiment. Slurry was applied in April
and three grass harvests will be taken in 1976.

The primary aim is to obtain information on slurry N re-
sponse at different levels of fertiliser N. The residual effects
of slurry N will also be estimated. Grass and soil will be

analysed for the parameters listed for the previous experiment.

Fig. 4 Spreading cattle slurry on experimental plots.

CONCLUSIONS

The variation in composition of manures presents
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difficulties in utilising effectively the fertiliser value of
manures. This practical difficulty will be familiar to research
workers who have attempted to apply predetermined quantities of
nutrients in manure to experiments over a period of time. It is
more meaningful to express manure rates in terms of tonnes DM/ha
rather than volume/ha.

The optimum levels of slurry in combination with fertiliser
that should be applied for different crops and special problems
of contamination and nutrient imbaldnce must be more fully under-
stood.

The cost of storing and spreading manure is considerable
and maximising the fertiliser value of the manure will help re-
cover part of the cost. There is need for more information on
methods of treating manure. However, it is important to keep
in mind that practically all manure must eventually be spread
on land. Research and policies that will make it possible for
farmers to spread manure for its fertiliser value rather than
simply as a disposal problem, will be of definite help in re-
ducing the problem of animal manures and avoid pollution risk.

Fertiliser recommendations to farmers should provide
information on the extent to which animal manures can be sub-
stituted for chemical fertilisers.
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DISCUSSION

L.C.N. de la Lande Cremer (The Netherlands)
I have some questions for Professor Lanza and Dr. Tunney.

Firstly, Professor Lanza, what is the cleaning system you are
using with compressed air, can you explain this? Why do you
fear ground water pollution through storing the slurry, are your
pits not sealed up? With regard to the discharges on open
surface water, are there any regulations governing this method
of disposal of animal waste in Italy?

Now, my questions for Dr. Tunney; I would like to make
some comments on the estimation of the nutrient content of
slurry by measuring the specific gravity. I also believe that
it is helpful for farmers to have an easy method of determining
the amount of nutrients in slurries. The oldest method is a
Flemish one; it was used by the dung traders - they just put
their fingers in the slurry and sniffed it! However, the
guestion of the aerometer was introduced in Germany in about
1915/1916. It was studied in Switzerland by Duserre and in the
Netherlands by Lagers in 1922 and the correlation between dry
matter and the specific gravity was very good although there
was a very great variation of the nutrients in the dry matter
content with very big differences for the same specific gravity.
Later the Germans studied slurries again and people in the
southern part of Germany, in Switzerland and in Austria, all
found the same difficulties - the big variation of nutrients at
the same specific gravity. A better idea originated in France
from Jouis and Angard who added nitrogen and potassium and thus
had a better correlation with the specific gravity. A wide
variation is apparent in your own figures - at 9% DM, 20% for
nitrogen and at a lower DM content, 40%. Also, it is only
possible to make a very rough estimate of the nutrient content
with this method. Returning to our Flemish traders, I wonder
if it is not possible to have a better field method by using
the conductivity of the slurry for determining the amount of

nutrients.
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J.H. Voorburg (The Netherlands)

Professor Lanza will prepare his answers and give them this
afternoon because he wants to have a good translation in English.
Would you like to comment on Dr. de la Lande Cremer's remarks
Dr. Tunney? Perhaps I can make some remarks first.

Dr. de la Lande Cremer mentioned the old Flemish method
and information from the experiences of Germany and France.

This is a good indication that we should co-operate within the
European Community to exchange experience from the different
countries. !

My second point is that before starting new projects we
should study the literature carefully because often old inform-
ation is available and we should not forget that.

I am still very pleased about the method developed by Dr.
Tunney because it is a demonstration of the need of the practical
farmer to have a rough estimate of the quality of the manure.

Now I will give the floor to Dr. Tunnéy.

H. Tunney (Ireland)

When I started to speak I mentioned that it is 2 000 years
since Virgil started writing about spreading manure on land.
That's going back a long time and many things have been said
since; in fact, there is very little that is new.

When we started working on this project we were looking
for a simple field test that could be used at farm level. We
looked at a lot of possibilities, for example, conductivity,
which Dr. de la Lande Cremer referred to, and we found a very
poor relationship. We looked at colorimetry where we diluted
the manure and passed light through it to see the effect. That
was also quite a good method but it was very complicated because
a thousandfold dilution was needed to get results. We looked
at a number of other methods but our experience indicated that
the relationship between specific gravity and dry matter was the
most simple and most accurate.

At the time we were not aware of the German work. Later,
as I began to do some literature research I discovered a lot of
work going back almost to 1900, on the use of specific gravity
to estimate nutrient content. It was used with varying degrees
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of success. I am not pretending that this method is a perfect
analytical method - it is not that. Normally one would not
recommend its use in a laboratory except for approximate testing.
However, I would suggest that it has a place in trying to over-
come the problem of the great variation that exists in dry
matter, particularly as a tool to educate farmers. I see that
as its primary function. From my experience of looking at
slurries, it is not easy to tell whether a sample is 3% or 6%
DM. For a farmer who just has his own slurry tank it is even
more difficult to try to estimate the DM.

This method is first and foremost a method for estimating
DM in the field; I think it is very effective for doing that.
I think it has a definite place and could be of great value.
I see it primarily as an educational tool, to educate the farmer
to the variation and the importance of knowing the approximate
DM composition; he would then have some rational basis for
deciding what quantity to apply. At the moment we have a
situation where a farmer puts out so many cubic metres, so many
tanker loads, per hectare, irrespective of composition. Maybe
this is not the best idea but I put it out as a suggestion. We
need something which is simple to use. The important relation-
ship is that between DM and specific gravity. This method does
not claim to be any more than a field estimate of DM but there
is some justification for it because the higher the DM content,
normally the higher the fertiliser value.

B.F. Pain (UK)

I would like to refer to Dr. Tunney's remarks on the
adverse effect of cattle slurry on grass yields because we have
had similar results at my Institute where we find the fibre
content from relatively low applications of cattle slurry has a
smotherin§ effect, . thus producing a taller but less dense
sward with less grass per unit area. We suspect that one way
to overcome these problems is to separate the slurry mechanic-
ally and to use only the liquid for grassland.

H. Tunney
We have another experiment running as part of our EEC
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project with three rates of application of cattle slurry. We

are washing off half the plots with water and the other half is
left. We are combining this treatment factorially with different
rates of nitrogen and we are hoping to look at the nitrogen
response curve to see if there is a physical effect or perhaps

a toxic effect. We have one result already; we have cut the
grass once and the washed plots are much better than the unwashed
ones. This seems to indicate a physical effect but there is one
small disturbing factor here - we had control plots as well with
different rates of nitrogen; we washed them as a control and they

gave a much better yield as well!

J.H. Voorburg
It wasn't the influence of the washing water in the dry

summer?

H. Tunney
I doubt it, no. There was so little water, the quantity

was about 5 mm. I doubt if it would be significant. The yield
difference was 25%. It may have been an effect of nitrogen
availability, the nitrogen being washed into the soil. Perhaps
there was less loss of nitrogen - I don't know the reason for
it - it is something we are looking at. I think it is mainly a
physical effect but I wouldn't rule out a chemical effect as a

possibility.

J.R. O'Callaghan (UK)
I would like to make three points. Firstly, with regard

to the washing of the slurry, it seems to me quite an extra-
ordinary operation insofar as there is a risk of ground water
pollution, run-off of material, as a result of applying wash
water after you have put on slurry.

Secondly, the cost of distribution of slurry is fairly
marginal and this is an additional operation which will raise
the cost.

The third point is really the reason I am up on my feet
at all. Looking at Dr. Tunney's table of results I cannot see
in the results he gets, the effect which he mentioned in his
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presentation. It does seem to me that the total yield from the
high and low applications are not significantly different. So
really I feel, all in all, where is the experimental evidence
for the need to carry out these operations?

H. Tunney

I think it is important I should comment on that. During
my presentation I didn't have time to go into all the details.
I refer you again to Table 2. We applied slurry for the first
and second cuts. You can see, looking at the last two lines
for cattle slurry, at the first cut we had 6 t/ha DM with
the low rate of slurry and 5.5 t/ha with the high rate. In the
second cut, with the low rate we had 3.74 t DM/ha and with the
high rate 3.25 t DM/ha. I think that is significant.

J.R. O'Callaghan

But are they significant?

H. Tunney
Well ... no, not quite perhaps. But this is a consistent

effect. I think it explains our experimental error maybe. It

is a consistent effect we have obtained. Another point which

it is important to make is that for the third cut we didn't

apply any slurry and you will notice that the slurry plots are
considerably higher there than the fertiliser plots. This is a
residual effect of the nitrogen which was applied in the slurry
which is offsetting the earlier effect, and that goes in to make
up the total. So I think it is important to point that out.

This is just one year's results; we have quite a few more results
which I haven't compiled for this paper but I am quite happy with
these results.

A. Dam Kofoed (Denmark)

It is very interesting to hear Dr. Tunney'é information
about the effect of farmyard manure or slurry on clovergrass,
that it was not very good. We have had the same results.

(Dr. Dam Kofoed showed his own slides to illustrate his point)

I wonder why this is so because a lot of farmers in Denmark
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want to use slurry on grass fields - to some extent there is
nowhere else for them to put it - and yet it has a bad effect.
I think one could achieve a very much better effect by the use
of irrigation. Could you say a little more about this aspect
because it appears that farmyard manure, slurry, is not very
well suited to grassland.

H. Tunney
The results you referred to there are for pig slurry. We

looked at the effects of pig slurry on ryegrass and on ryegrass
plus clover. There seemed to be a definite indication that the
ryegrass plus clover did slightly better with the pig slurry.

It was a significant effect. It appears to me that what was
happening was that there was less nitrogen available from the
pig slurry so there was less suppréssion of clover growth. This
is how I explain it to myself.

J.H. Voorburg
I guess we will not obtain a definitive conclusion about

this problem but it is very interesting.

R.G. Gerritse (The Netherlands)

I have a question for Professor Lanza.

J.H. Voorburg

Will you please write it down and then you will get your

answer later.

R.G. Gerritse

Yes, all right. I also have a question for Dr. Tunney.
There are certain modified celluloses which have the effect of
solidifying the slurry but when you start agitating it it
becomes liquid. Usually it is only necessary to use very minor
doses to obtain this effect. I would think this would improve
your hydrometer method because when you use the hydrometer you
will always get a separation. Maybe this would also be useful
in practice when spreading slurry on the land so that you have
a homogeneous slurry when spreading that would not separate.
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I wonder if it would be useful to investigate this aspect.

H. Tunney
Yes, I welcome a suggestion such as that. I think there

are a lot of possibilities. From the point of view of the
hydrometer, we have to shake it very well for two reasons,
firstly to mix the solid and liquid material thoroughly and
secondly, to ensure that we get rid of all the air bubbles
because there are a lot of gases present in the slurry and it
is important to get rid of them before making a measurement.

We find it necessary to make the measurement within one minute
after mixing. Something along the lines of your suggestion
could be helpful but it is even more significant from the point
of view of treating the slurry in some way before it is applied
to grassland so that when rain does come the slurry is washed
off the grass and into the so0il much more quickly. Slurry on
grass has two effects: firstly, it does not contribute any
nutrients to the grass because it is not getting down to the
roots; secondly, it is having an adverse effect on the foliage.
I think it is a good suggestion from Dr. Pain that we should
separate the solid from the liquid and apply the liquid to the
grass and the solid to other land. Of course, it is a problem
on many farms which are now exclusively either dairy or beef
but if you are going to get an increased value from the manure
it may offset the cost of separating. Maybe there is some other
method of treating the manure before spreading, perhaps with
detergents or celluloses. These are the kind of questions we
must get answers to.

G.J. Kolenbrander (The Netherlands)
Dr. Tunney, this coating effect can have two results, one

is that nitrogen volatilisation is higher. We can explain the
difference as a nitrogen effect of cattle slurry and pig slurry
but it is also possible that it is a photosynthetic effect.
With regard to the experiment on residual nitrogen which
you mentioned, how long have you been running this experiment?
The total residual effect can take 30 to 40 years but if you
are looking only at the short-term residual effects, that is
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part of the total, you can have results in one, two or three

years perhaps.

H. Tunney
The only comment I want to make is on the length of time

of the experiment which is a very practical problem for most
research workers launching experiments on animal manures. I
certainly think there is a need to run the experiment for a

number of years. When you apply slurry and then eight weeks
later take a cut of grass, only a fraction of the nitrogen is
taken out at this stage. Most of the organic nitrogen is still

in the so0il and is gradually mineralised. However, we find that
twelve months after the slurry is applied there is a very notice-
able effect of the slurry residual effects, which I assume is
mostly from the nitrogen. As I say, it is important to run

experiments for a number of years but it may be that residual

'
effect is something that should be looked at separately.

J.H. Voorburg
Thank you Dr. Tunney. We must close this discussion

session now.
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FARMYARD MANURE AND CROP PRODUCTION IN DENMARK

A, Dam Kofoed
Director, Askov Experimental Station, Denmark

INTRODUCTION

In Denmark for many years the use of 20 - 30 t/ha solid
farmyard manure and 10 - 15 t/ha liquid manure on root crop
fields every third and fourth year has been common practice.
The farmer returned plant nutrients with the organic manure to
the crops which, following the experiments, showed the greatest
ability to utilise that slowly released manure, and size of the
herd kept depended on the amount of food grown in the field.

In recent years new methods of concentrated production
have left some farms completely without organic manure and

others with a surplus.

These procedures may give rise to problems in maintaining
the productivity of the soils in question and too heavy applic-
ation of manure might result in pollution of soil, surface
waters and ground water. With regard to both the first and
second possibilities.,useful experiments have been carried out
at Askov Experimental Station and I now have the honour to

present some of the results.

VALUE OF ANIMAL MANURE

Content of plant nutrients

The value of animal manure depends primarily on its content
of nitrogen, phosphorus and potassium, but the content of minor
elements is also important. In recent years interest has also

been shown in the content of some heavy metals.

From numerous analyses the content of different minerals
in solid manure (FYM), in urine (liquid manure) and in a mixture

of these (slurry) may be estimated as shown in Tabhle 1.



TABLE 1

CONTENT OF DRY MATTER (DM) AND MINERALS (ELEMENTS) IN
AND SLURRY, kg/metric t.

30

(AES, 1958 - 1975)

FYM, LIQUID MANURE

Samp~- DM N NH,-N P K Na Ca Mg
les
FYM 253 (200) 5.6 - 1.8 - - -
Liquid manure 218 - 3.8 - - . - - -
Solid manure,
pigs 15 245 7.6 3.3 3.7 4.5 - - -
Solid manure,
poultry 21 461 22,0 4.5 7.6 10.4 - - -
Slurry, cattle 120 92 4.5 2,5 0.8 4,0 0.8 1.1 0.6
Slurry, pigs 21 68 6.8 4.8 1.6 2,7 1.1 1.6 0.5
AES = Askov Experimental Station
As an average, samples were taken after three months of

storing,

Samples of FYM, slurry and liquid manure were analysed for

content of some heavy metals as shown in Table 2.

TABLE 2

CONTENT OF HEAVY METALS IN FYM, SLURRY AND LIQUID MANURE, ppm OF DRY
MATTER (DTU, 1972 - 1974, AES, 1975)

Samp- C€d Co Cr

les

Cu Mn Ni Pb

Zn

FYM

Liquid manure
Slurry, cattle
Slurry, pigs

10 0-2 1-5 2-15 20-350 150-500 1-36 5-15 100-800

10 o0-11-2 1-3
117 - - -
2L - - -

2-40 20-350 1-5 5-15 10-100
43 261 - - 141
265 442 - - 853

DTU = Denmarks Technical University

Effect of plant nutrients

Classical Danish field experiments have made it possible

to evaluate animal manure in terms of commercial N, P and K,

based on the uptake in crops.

succeeding crops, as shown in Table 3.

The uptake was measured in four
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TABLE 3
EFFECT OF ANIMAL MANURE AND NPK (AES, 1942), UPTAKE IN 4 CROPS, % IN SUPPLY

FYM NPK Factor
Nitrogen 30 70 0.43
Phosphorus 24 22 1.09
Potassium 79 79 1.00

As a rule of thumb, when FYM is evaluated against NPK, the
factors used are: 0.4 for N and 1.0 for P and K. With the help
of these factors and the current price of commercial fertiliser,
it is now possible to calculate a price per ton of manure, either
on actual analyses or on the average contents mentioned in Table
1. An example is given in Table 4.

TABLE 4
EVALUATION OF 1 TON OF FYM, DKr., - March 1976

% Factor kg/t DKr/kg DKr/t
Nitrogen (N) 0.56 0.4 2.2 3.36 7.39
Phosphorus (P) 0.18 1.0 1.8 7.78 14.00
Potassium (K) 0.36 1.0 3.6 1.50 5.40
Total 26.79

This value of 27 DKr. depends on a 100% utilisation of N,
P and K. If one or more of the plant nutrients are fully
supplied for previously the value has to be reduced relative to
this.

As mentioned before, two alternatives are likely to arise
as farming is rationalised away from the balanced rotation
husbandry. Firstly, lack of animal manure in addition to the
supply of organic matter supplied with roots and stubble, and
secondly, surplus of animal manure in relation to the turnover
ability of the surrounding area.
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Lack of animal manure

The introduction of commercial fertilisers into Danish
agriculture gave rise to many questions, among them that of
maintaining the productivity of the soil by exclusive use of
mineral fertiliser in which enly inorganic salts are provided,
whereas farmyard manure supplies organic materials also. The
supply of organic material was thought to be important for main-

taining the humus content and the structure of the soil.

The main purpose of the experiments established at Askov
1894 and still running, was to compare the value of mineral
fertilisers (NPK) and animal manures (FYM). The same amounts
of N, P and K are supplied in two treatments and compared to
unmanured plots.

The experiments supply very important information about the
humus content in the soils after the different long-term

equivalent treatments on different plots.

Soil conditions

Askov loam field has a clay content increasing from 11% in
the O - 20 cm top-soil to 24% in sub-soil 50 - 100 cm. The soil
is drained down to 125 cm.

Askov sand field has rather fine sand with a clay content
decreasing from 4% in O - 20 cm top-soil to 2% in the 50 - 100
cm sub-soil. 2bout 2 m of this sand is overlying clay of the

same type as in the loam field.

Figures 1 and 2 illustrate the average yield for the loam
field and the sand field respectively during the period 1894 -
1972, the curves are based on averages for four successive years
calculated by running means every two years. The dotted vert-
ical lines for the years 1907, 1923, 1949 and 1972 indicate the
years of changes in nutrient supply. Resulting from the method
of calculation the curves begin in 1896 and end in 1970. The
shape of the curves clearly shows the yield relations between
FYM and NPK and indicate that to a great extent NPK has been
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able to maintain the productivity. One has to remember that in
supplying the same amounts of N-in FYM and NPK the latter has
more effective nitrogen than the former, but as the curves are
running parallel during the first three periods no depression
following the NPK treatment has taken place.

During the period 1949 - 1972 some mineral N was given
to the FYM treatment in order to even the differences hetween

the two treatments.
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Fig. 1 Askov loam field 1894 - 1972, Average of yields, c.u./ha/year.

As illustrated in Figures 1 and 2, crop yields are higher
after NPK than after FYM, but the difference is greater for the
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loam field than for the sand field. Generally one can say with
confidence that productivity for these soils under Askov
climatic conditions and with the rotations used has been well
maintained by exclusive use of commercial fertilisers when
supplied in quantities replacing the nutrients taken away by

crops.
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Fig. 2 Askov sand field 1894 - 1972, Average of yields, c.u,/ha/year.

The changes in humus content over the years are illustrategd
in Figure 3 for the treatments: unmanured, FYM and NPK, in both
fields. For comparison the figures back to 1923, when the firs
samples were taken, have been included.
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The curves indicate that the relative humus contents
associated with the treatments have not changed since 1923,
Therefore the decline in the humus levels during the years is
probably not a result of increased mineralisation of humus. It
is more likely to be dilution following, for example, the
ploughing up of increasing amounts of subsoil into the topsoil
from which the soil samples were taken. 2part from an increase
in the amounts of fertiliser given, only minor changes have

taken place during the years.

A comparison between the humus curves in Figure 3 and the
yield curves in Figures 1 and 2, illustrates the decrease in
N-effect of FYM.,

SURPLUS OF ANIMAL MANURE

Information about the potential risks originating from
high levels of application of animal manure is lacking and
problems have been spotlighted in recent years.

In older experiments at Askov experimental station, an
amount of up to 96 t/ha of manure has been applied every fourth
year for a period of more than fifty years resulting in yield
increases and, as far as it has been observed, giving no

pollution risks.

At Askov experimental station in 1973 experiments on soil
under heavy charge of animal manure were estahlished on loam

soil aﬁd in the following years also on sandy soil.

The aims of the experiments were to:

a) Throw light on the effect of animal manure on the
yield and quality of crops and on the structure of soil and
quality of surface water in relation to types of soil,
charge of manure, types of manure,‘date and method of
application, climatgpand crop.
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b) Work ‘out methods for handling animal manure, methods
partly to satisfy the requirement for an abundant yield and
a good quality of the feeds, and partly to reduce the
potential risk of pollution as far as possible by setting
maximum hectare rates of manure to be applied and indicating
optimal periods for application, etc.

c) Carry out experiments in fields and lysimeters followed
up by analyses of crop, soil, water and manure samples.

The experiments began in 1973 on loam soil and in 1974 on
sandy soil. Up to 400 t/ha of FYM and slurry respectively given
every fourth year is compared to application of up to 100 t/ha
given every year and up to 200 t/ha given every second year.

In two parallel sections the rotation used is: 1. root crop,

2, barley, 3. grass and 4, barley.

Besides the effect on yields, the effect on content of
different plant nutrients in the soil is also investigated.
Part of this investigation is dealt with in another paper

presented to this seminar by Dr. Lindhard.

In Tables 5 and 6 preliminary yield figures are shown
for loam soil and sandy soil respectively. The figures are
increasing with increasing quantities of animal manure for all
the years in question indicating an after effect of manure. As
for the fertilising, some after effect is seen in the loam field

whilst this is not the case in the sand field.

As an example, Table 7 gives the quantities of nitrogen,

phosphorus and potash used for the loam field in 1973.

By comparison with the average use of plant nutrients in
Denmark, about 170 kg/ha of N, 39 kg/ha of P and 108 kg/ha of K
(figures 1973/1974), the application in these experiments is
rather high.
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TABLE 7
QUANTITIES OF N, P AND K IN FERTILISER AND ANIMAL MANURE, 1973

Nutrients, kg/ha
FYM experiment Slurry experiment

N NH4N* P K N NH,/N P K

1 NPK 80 40 68 112 80 40 15 95

2 NPK 160 80 136 224 160 80 30 190

4 NPK 320 160 272 448 320 160 60 380
Manure t/ha

25 151 40 68 112 108 64 15 95

50 302 80 136 224 216 128 30 190

100 604 160 272 448 432 256 60 380

200 1208 320 544 896 864 512 120 760

400 2416 640 1088 1792 1728 1024 240 1520

* Part of Column 'N'

The question of crop quality following the increasing use
of animal manure now arises. As an example Table 8 shows the
content of nitrate-N in beet and grass from the loam field
experiment. The border of toxicity is often set at 0.2 - 0.4%
NO;-N of the dry material; many of the figures in Table 8 are
quite near to this border.

CONCLUSION

The experiments mentioned here have an interest in the
sense of economic husbandry concerning animal manure. The
value of animal manure and commercial fertiliser estimated from
the amount consumed in 1973 - 1974 and calculated on prices
applicable in March 1976, is the following in million DKr:

N P K Total
Commercial Fertiliser 913 550 286 1749
Animal manure 136 374 220 730

Total 1049 924 506 2479
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The total value of the plant nutrient consumption in
Denmark thus amounts to 2 479 million DKr. of which 730 million

is from animal manure.

In older agricultural systems using no commercial fertil-
iser, or only small amounts, any loss of necessary plant
nutrients had to be stopped, thus keeping the nutrient circul-

ation as intact as possible.

Nowadays, the handling of solid and liquid spillings from
intensive animal husbandry forms a considerable expense factor
and with the possibility of making up for losses of nutrients
from the field by application of commercial fertilisers the
farmer has less interest in careful storing of solid and liquid
manure and thus there is a potential risk of pollution of
surface waters.

Buying feeds for the animals has released the owner of the
stock from dependence on the land for crop production. This
means that in such a system of animal production the animal
manure tends to be a waste product, difficult to dispose of in
an economic way. Such animal concentrations have existed for a
long time in the USA and USSR but only to a very limited degree
in Denmark except for poultry.

In 1969 Sweden made provision to control the handling of
animal manure. This means that it must be distributed in an
area large enough to ensure mineralising of the manure and

uptake of the nutrients in plants.

Experience from Danish field experiments shows no problems
in mineralisation of 40 - 60 t solid + 16 - 24 t liquid manure
applied every fourth year for the root crop. Swedish experience
states that not more than 20 - 30 t/ha of slurry ought to be
applied per year in order to prevent damage to the environment.

A handling system for solid and liquid manure which gives
the best utilisation of their plant nutrients at the same time
may be the best security against a potential pollution of air
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and surface water. This means that animal manure must be
incorporated in the soil soon after spreading and has to be
spread in limited amounts and in the right season for the crops
which are utilising the plant nutrients the best way.

Until now no economic alternative to the age-o0ld method of
utilising animal manure in the arable field has been discovered.
This method may, with appropriate regard to the surroundings,
continue to be used in the future.

The present agricultural structure in Denmark is the
principal reason why the fertiliser problem is regarded as an
agricultural problem. Little by little the non-agricultural
population is becoming more aware of the nuisances from farms
even though most Danes have a certain amount of knowledge about
rural life and therefore some tolerance about smells and noise
from it., Restrictions have to be expected in Denmark following
the increasing awareness and concern of the public regarding the
quality of the environment.
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CONSEQUENCES OF SEMI-LIQUID PIG MANURE SPREADING

C. Duthion
Station de Science du Sol INRA, Dijon, France

The spreading of semi-liquid pig manure on cultivated
soils is not only the cheapest solution for disposing of the
effluents of animal breeding, but also allows the recycling of
important quantities of nutrients. This is, therefore, a good

solution for the farmer with regard to the economy of fertilisers.

However, due to the growth of pig breeding and the structure
of the farmholdings concerned, problems of the judicious limits
of spreading semi-liquid pig manure arise in two different
aspects: one agronomic (yield and quality of crops, fertility of
soils), the other environmental (particularly the quality of

waters).

Estimation of such limits can be made by two procedures.
We have given preference to the experimental method but the
global approach, as illustrated by Coppenet (1974 - 1975),
although not producing immediate results, has already provided
some answers to the problem.

EXPERIMENTS ON THE CONSEQUENCES OF SEMI-LIQUID PIG MANURE
SPREADING

A number of research projects have been undertaken in
several departments of the Centre de Recherches de Dijon.

Studies of situations (climate, type of soil, crops) with

experiments on field scale

The first experimental design has been set up at present
on an experimental farm, INRA. The crop is a fodder grass (red
fescue, cultivar manade) fitted to utilise heavy dressings; the

soil is a calcic brown soil. Three treatments are compared:

a) Usual mineral manuring
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b) Fertilising by semi-liquid pig manure (non-diluted
manure of fattening pigs), in such a quantity that it

contains as much nitrogen as in mineral manure

c) PFertilising by a five-fold gquantity of semi-liquid pig
manure as in b).

A second experimental design, on the same principle, is
going to be installed in the loamy soil of the Bresse. Two
types of cultivation are envisaged: a temporary grassland and
the usual crop rotation of the farm (barley, maize, maize, wheat).

Each plot of our experimental design has a device for
collecting the drainage waters. In the first experiment two
types of equipment were used. Although the textural homogeneity
of the soil is correct throughout the profile, a scrutiny of
that profile shows natural or man-made discontinuities (plough
sole at top of B horizon) which induces free water in rainy
periods, which are an indication of accumulation and even
preferential circulation of water. Thus we have in that case

set up:

a) Classical buried lysimeters filled up with reconstituted

soil profile

b) Water gathering devices, six per plot, set out on each
side of a pit under the undisturbed profile, at two
different levels (the lower one at the limit between the
soil and the underlying gravel layer, and the other at the
level of cultivation). They are made of 'drawers', filled
up with materials which are able to ensure a continuous

circulation of waters.

The result obtained by comparing the two water gathering
devices has a special interest, as the arrangement of the
structural elements that determine the water circulation cannot

be the same in the original and in the reconstituted soils.

We are studying the following parameters: yield and quality
of crops, quality of drainage water, 'evolution of physical,
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physico-chemical and also biological properties of the soil
(microflora and fauna).

A lysimeter study on the comparative behaviours of different

types of soils (reconstituted soil profiles)

Four soils, very different in their permeability, have been
studied. The experimental protocols are the same as those in
the field scale.

A land drainage experiment

This is justified by the observations showing flows in the
drainage system after spreading large amounts of semi-liquid pig
manure. In addition to the direct pollution risks of the natural
outlets, such a state of things sometimes produces the silting of
drains following bacterial development. In this experiment we
have to appreciate the effectiveness of the methods of soil
cultivation affecting drainage (e.g. subsoiling), on the
functioning of the soil as a purifying system.

The results obtained up until now, in all the experiments,

are too limited to give details.

The climatic conditions of the year (1976), remarkable for
high temperatures and great water deficiency (at Dijon, between
lst January and 31st August, rainfall was 252 mm, whilst cumul-
ated potential evapotranspiration was 734 mm), made the trials
management difficult. This is especially true for the field
‘trial where crop establishment was poor and sampling of drainage

water was only possible in a few instances.

The experiments on comparative behaviour of soils in
lysimeters have been easier to carry out. However, the yields
of fescue (on two cuttings) have not been separately identified
for all treatments. Quantities of waters percolated under 85
cm depth are small, independently of soil type or treatment;
because of their volume, concentrations of solutions are fairly

high, but the gquantities of transported elements are small.
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BALANCE-SHEET STUDIES

Until the results of the agronomic experiment become
available the approach given by Coppenet (1974, 1975) from whom
we borrowed the following ideas, is of undeniable interest.

It seems reasonable to speak in terms of, 'balance-sheet
of nutrients in an animal bhreeding farm'. That balance-sheet
is relatively easy to establish in a case, for example, of a
farm where the crop production is only used for pig fattening
(piglets bought when weighing 30 kg and sold when weighing 100
kg). In this case the residues of crops go directly to the soil
and gains of nutrients are represented by those contained in the
feeds bought outside the farm. Losses come from the sale of
animals and from elimination by drainage in the seoil or volatil-
isation on the surface of the soil or in the stock vat.

Let us suppose that a farm uses the grains grown on one
hectare of maize to fatten 35 pigs. The pigs are given additional
feed as soya bean cake and mineral supplements. The balance-sheet
of N, P5O5 and K50 is shown in Table 1.

TABLE 1

BALANCE-SHEET (kg/ha) OF NUTRIENTS FOR A FARM PRODUCING 35 PIGS/ha FOR
SLAUGHTER

N P,0g K50
GAINS
Soya bean cake (2 300 kg) 153 36 63
Mineral supplement 59
LOSSES
Sale of pigs (2.5 t) 60 24 12
Losses in drainage* 50 1 20
BALANCE-SHEET +43%* +70 +31

* Evaluation from lysimeter observations in Quimper, the mean annual
rainfall is about 1 089 mm.

**This figure does not take into account the losses of ammonia during the
storage of semi-liquid pig manure. The balance-sheet of N is probably
zero and even showing a slight deficit.



49

The spreading of semi-liquid pig manure produced by the
35 pigs provides a small enrichment in P,05 and K,O.

In the case of a farm which uses its own maize crop and
is able to produce more than 35 pigs per year with additional
outside purchases of feed, the positive bhalance of nutrients
increases very rapidly. Consequently agricultural and environ-

mental risks also increase. (Table 2)

TABLE 2

RELATION OF NUMBERS OF ANIMALS TO VOLUME OF UNDILUTED MANURE AND NUTRIENT
GAINS

Pigs produced Volume of undiluted manure Gains kg/ha/year
per year m3/year N Py05| K,0
35 28 (o] 70 30
70 56 150 180 115
100 80 ' 285 | 270 | 180
125 100 395 | 350 | 245

In a 'hors-sol' pig breeding situation, where pigs are
fed only bought~in feed, the amount of nutrients in relation to
the number of pigs is much larger; 125 pigs produced (100 m3 of
pig manure) correspond to 500 kg N, 400 kg P,05, 300 kg Ky0.

The amount of supplied N is the first agronomic limit for
spreading semi-liquid pig manure. It might be argued that this
amount of N should not exceed the uptake of crops. However,
some limiting factors have to be considered:

a) In some situations, especially grassland, large amounts

of N may be retained temporarily

b) The possibility of N losses from the soil by denitrif-
ication, especially in anaerobic conditions and by organic

matter fermentation

c) The applied N immediately available for plants is only
in the proportion of about 50%.
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Thus, 50 m3/ha of pig manure spread during the month before
sowing will be a good nitrogen fertiliser for maize (250 kg N
with 150 kg in the mineral form). A farmer who fattens 'hors-
sol' 70 pigs should have one hectare maize at his disposal for
spreading the pig manure produced, and 14 hectare if he is
feeding 1 000 pigs. With intensive grassland (rye grass or
fescue) the amount of pig manure can be larger, for example,

75 m3/ha divided into three or four spreadings, but there is a
risk of burn on the grass during summer and grazing animals will

less easily accept the herbage.

It is obvious that other agronomic risks cannot be dealt
with in a similar manner, for example, salinity of soils which
can occur in a limited soil layer following heavy dressings of
pig manure with minimal cultivation, or long-term phytotoxicity
of minor elements, Cu and Zn. Nevertheless, after the experience
obtained on vineyard soils which have supported many treatments
with Cu, we can admit that accidents on crops can occur when
600 kg/ha and more of Cu aﬁd Zn are spread (in a soil with pH =
6.0). That amount could be reached in about a century with the
larger mineral feed supplements used nowadays (mineral supple-
ment with 5% Cu and Zn).

A concern for the environment, especially the problem of
quality of ground waters or superficial waters, also dictates
limits to the spreading of semi-liquid pig manure. Nevertheless,
it is difficult to determine, without experiments, the largest
amount of manure which is tolerable in a given situation.
Meanwhile, some recommendations are obvious, for example, since
drainage is most critical during the rainy period in winter, we
have to avoid a major pig manure spreading on bare soil because
of its contribution of nitrates and soluble organic matter to
the ground water.

REFERENCES

Coppenet, M. 1974 L'épandage du lisier de porcherie. Ses conséquences
agronomiques. Ann, agron. 25, 403-423,
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SLURRY UTILISATION ON THE DAIRY FARM

B.F. Pain

National Institute for Research in Dairying
Shinfield, Reading RG2 9AT,UK.

INTRODUCTION

There are 3.2 million dairy cows in the United Kingdom
(UK Dairy Facts and Figures, 1975) which produce about 25 million
tonnes of manure annually during the housed winter period. The
number of holdings with dairy cows has decreased by 20% in the
past five years but the number of cows has slightly increased.
The average herd size is forty-one with 10% of herds with more
than 100 cows. Most of the larger herds are housed in cubicles
with little or no bedding material and faeces, urine and some
washing down water aécumulate as a semi-liquid slurry.

Median values for the composition of cow slurry (MAFF, 1970)
are given in Table 1.

TABLE 1
MEDIAN VALUES FOR COMPOSITION OF COW SLURRY

DM$ N P K

10.0 0.500 0.087 0.498

The values vary greatly from farm to farm depending on the
degree of dilution and type of management. In calculating the
fertiliser value of cow slurry applied to land in the spring:
it is assumed that 50% of the nitrogen and phosphorus and all
the potassium is in a plant available form in the first year of
application.

The potential of livestock wastes to pollute surface and
ground waters is large, particularly when plant nutrients are
supplied in excess of crop requirements. Most dairy enterprises
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are associated with sufficient land to spread manure at acceptable
rates. Only 0.3% of the total are in a potentially difficult
situation, in this respect, compared with 35% of poultry holdings
(Richardson, 1976). 1In practice soil type, climate and manage-
ment systems often dictate where and when slurry is spread.

The provision of winter-long storage is expensive. Difficult
soil and topographical conditions limit the area available to
receive slurry. Even so, the rapid increase in the costs of
inorganic fertilisers and stricter control of all sources of
pollution is encouraging farmers to utilise slurry for crop
production rather than to regard it solely as a problem of
disposal.

MAXIMUM RATES OF SLURRY APPLICATION

The initial experiments at NIRD were designed to determine
the maximum rates of slurry that could be applied to grassland.
Between O and 550 t slurry ha—l were applied to a short-term
rye grass (Lolium multiflorum) ley in early spring. The effects on
crop yields and the composition of the herbage, soil and land
drainage water were monitored over a two~year period. More
than 150 t slurry ha-l smothered the sward and reduced herbage
yields unless the slurry was incorporated into the soil in the
spring or autumn following application and the area reseeded.
Under these conditions high levels of potassium were recorded
in the cut herbage (Table 2).

TABLE 2

EFFECT OF HEAVY SLURRY DRESSINGS ON THE MINERAL COMPOSITION OF GRASS AND
FORAGE MAIZE

-1
Rate of slurry* application (t ha )
% [o) 500

’ grass maize grass maize
2.15 1.27 5.50 1.41
0.25 0.21 0.46 0.25
1.06 1.13 4.15 1.30
Mg 0.16 o.10 0.22 0.08

* Slurry at 15% DM contained 0.35% N, 0.12% P, 0.28% K on w/w of wet
material basis.
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In the second year satisfactory herbage yields, with acceptable
mineral composition, were obtained without the addition of extra
fertiliser.

Intensely reducing conditions under the heaviest slurry
applications prevented nitrification for several weeks following
application in spring(Burford et al., 1976). Up to 250 kg N ha_l
of nitrate accumulated in the soil profile during the summer
and autumn. Drainage water in the winter contained as much as
60 mg N1™! but the BOD, did not exceed 5.5 mgl™l. Because of
the low winter rainfall only a small part (<1%) of the nitrogen
added to the plots in slurry entered the drainage waters.
Concentrations of nitrous oxide in the soil atmosphere suggested
that gaseous loss of nitrogen was significant where slurry was
applied. In contrast, concentrations of nitrous oxide indicated
only minor losses by denitrification when inorganic nitrogen
was applied in late spring.

Heavy slurry applications had less effect on forage maize
(Table 2) than on grassland (Pain and Phipps, 1974) but 500 t ha~
incorporated into the land shortly before drilling delayed plant

1

maturity and depressed dry matter yields.

Heavy dressings applied to grassland or maize ground in
early spring as semi-sacrifice areas could provide a useful
means of disposal under the particular soil and climatic conditions
at NIRD. Loss of plant nutrients by leaching could increase the
risk of water pollution in wetter areas. Plant nutrients are
clearly supplied far in excess of crop requirements and only a
small proportion of applied nitrogen and phosphorus is recovered
in the crop.

SLURRY UTILISATION ON GRASSLAND

Conserved grassland

Cow slurry is not a balanced grassland fertiliser and can
only be used effectively by supplementing with inorganic nitrogen.



54

An example of how this could be achieved, based on data from
NIRD farms, for an intensive, all-grass dairy enterprise is
given in Table 3.

TABLE 3

-1
SLURRY UTILISATION FOR ALL-GRASS SYSTEM STOCKED AT 2.5 COW ha

available fertiliser for

20 ha grazing 20 ha silage from slurry | silage less NPK
(100 cows) from slurry
N| 350 kg ha™} = 7000 kg | 400 kg ha™* = 8000 kg| 2600 kg 5400 kg
P| 15 kg ha™l = 300 xkg| s0 kg ha ' = 1000 kg 550 kg 450 kg
25 kg ha™* = 500 kg | 125 kg ha™> = 2500 kg| 3250 kg 0 kg
Cost £1500 £2000 £1170

The winter-produced slurry contains sufficient potassium for all
the associated grassland acreage but nitrogen for only 15 - 20%.
To exploit fully the fertiliser value of slurry on grassland it
is necessary to apply in aliquots in spring and after harvesting
during the season. In practice crusting and settling during
long-term storage can make it difficult to handle and spread
slurry during spring and summer. Under dry conditions, a poor
response of herbage dry matter to slurry nitrogen was obtained
because the high fibre content of the material tended to smother
the sward and delay growth (Table 4).

Better results were recorded when dilute slurry was applied in
several aliquots (Appleton, 1976) but dilution can greatly

increase the volume of material that has to be handled on the
farm.

Grazed grassland

The herbage intake of cattle grazing pasture tainted by
cow slurry may be reduced. Grazing trials with dairy young-=
stock have shown that the animals can detect very light appli-
cations for seven to eight weeks after application (Broom et al.,
1975) (Table 5).




TABLE 4

5

5

EFFECTS OF INORG}NIC N FERTILISER AND SPRING APPLIED COWS SLURRY ON HERBAGE
FROM PERMANENT PASTURE

DM YIELDS (t ha

bate of slurry

Rate of N fertiliser application (kg ha'l)

application 0 150 300
(t ha ™) conserved | grazed | conserved | grazed | conserved | grazed
(¢} 5.0 6.5 6.5 6.1 8.2 6.8

30 -1
(£ 150 kg N ha "){ 7.0 5.6 7.0 7.0 8.8 7.1
60 a1
(2 300 kg N ha 7)}|6.3 5.6 7.4 6.9 8.8 7.2

_ ]

TABLE 5

EFFECT OF SLURRY ON HERBAGE DM PRODUCTION AND ON AMOUNT REMOVED BY HEIFERS
DURING 4 DAY GRAZING PERIODS

Rate of slurry aplication (t/ha-l)

[o] 25 50 100
Herbage DM -1
available (t ha ) |2.32 2.36 2.26 1.98 Grazing 1; 7 weeks after
Herbage DM o slurry aplication
removed (t ha ) 2.20 1.69 1.39 0.89
Herbage DM 1
available (t ha ") |1.89 2.43 2.61 3.00 Grazing 2; 13 weeks after
Herbage DM N slurry aplication
removed (t ha ) 1.53 2,03 2.10 2,08

TABLE 6
EFFECT OF INORGANIC N FERTILISER AND SLURRY ON DM YIELD (t ha-l) OF FORAGE
MAIZE
Rate of slurry* -1 Rate of N fertiliser application (t ha_l)
applications (t ha ) o] 40 80 120
o 13.1 15.1 15.6 15.2
35 14.0 15.5 16.2 16.0
70 14.9 15.8 16.0 16.5
105 15.1 15.6 15.0 14.7

* slurry at 14.4% DM contained 0.47% N, O0.14% P and 0.40% K.
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Satisfactory animal intakes can be maintained by leaving
sufficient' time between spreading and grazing and by keeping
stocking rates low. Under these conditions the grazing behaviour
of the cattle is modified so that they are more selective in the
choice of herbage (Pain et al., 1974). Alternatively, herbage
rejection problems can be avoided by using machinery for the
direct injection of slurry into soil. Trials have been carried
out with commercially available machinery which was developed
primarily for controlling odours by deep injection. Dairy cows
grazed on paddocks which were either injected with slurry at
25 t“ha” ! (= 60 kg available N ha™!) 10 cm deep eight weeks
previously, or had slhrry spread on the surface at the same rate

1 as a control.

and time, received ammonium nitrate at 60 kg N ha;
(Pain,l9761). Similar quantities of herbage were produced on
each paddock. Animal intakes were similar when slurry was
injected or inorganic fertiliser applied but reduced by 30%

when slurry was spread on the surface.

A further constraint on the use of slurry on grazed grass-
land is the possibility of disease organisms contained in the
material infecting healthy stock. To safeguard against this
risk from salmonella bacteria, slurry should be stored for at
least a month before spreading, because the number of organisms
decline during storage (Jones, 1976). Research on the survival
time of salmonella indicates that pasture should not be grazed
for at least a month after spreading slurry (Taylor and Burrows,
1971).

SLURRY UTILISATION FOR FORAGE MAIZE

The amount of plant available nitrogen, phosphorus and
potassium in the slurry from one dairy cow per winter was
sufficient to grow the forage maize she required the following
winter (Pain, 19762). Replacing inorganic fertiliser with slurry
reduces production costs by over 20%. The quantities of
nutrients contained in the slurry closely matched those removed
by the maize crop, but the residual levels of phosphorus and
potassium in the soil after maize harvest were sufficient to
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grow a following cereal crop with the addition of nitrogen
fertiliser only. Loss of nitrogen from winter applications did
not markedly affect yields because, under UK conditions, forage
maize is not very responsive to nitrogen fertiliser (Phipps and
Pain, 1975). 1Injecting slurry into a maize seed-bed two to three
days before sowing, however, gave better yields than spreading on
the surface and ploughing four to five weeks earlier.

Using a combination of spring applied slurry and inorganic
nitrogen fertiliser gave higher yields of maize than either
source of nutrient alone (Table 6). High rates of slurry and/or
high rates of nitrogen fertiliser delayed the maturity of the
crop and depressed yields. There was only a small effect on the

mineral composition of the crop.
SLURRY UTILISATION FOR SPRING BARLEY

Factorially designed field trials have demonstrated the
yield benefits that can be obtained by using slurry, or a combin-
ation of slurry and inorganic nitrogen fertiliser, for spring
barley. Cow slurry was applied in late winter and incorporated
into the soil during seed-bed preparations. Inorganic nitrogen
fertiliser was applied as a top-dressing shortly after plant
emergence. The main effects of the slurry was to increase grain
yield, grain size and crude protein production per unit area
(Tables 7 and 8). As with forage maize, high rates of slurry
and/or nitrogen fertilisers tended to decrease grain yields.

The highest crude protein content (15.8%), however,was recorded
‘when the highest rates of slurry and nitrogen fertiliser were
used. The levels of phosphorus, potassium and magnesium in the
soil were still high in the slurry treated plots after harvest
in the autumn. To see the residual effects of the slurry only,
the inorganic nitrogen fertiliser treatments were reapplied to
the plots in the second year. Even though grain yields were
approximately half those recorded in the first year, the effects
of the slurry were still evident especially where the highest
rates were applied.



TABLE 7

EFFECT OF INORGANIC N FERTILISER AND SLURRY ON YIELD OF SPRING BARLEY GRAIN

(AT 15% MOISTURE)

Rate of slurry -1 Rate of N fertiliser application (t ha_l)
application (t ha 7) [o] 40 80 120
o) 1.83 2.52 2.89 2.98
37.5 4.17 4.34 4.56 4.76
75.0 4.87 4.59 4.60 ! 4.60
112.5 4.66 4.62 4.21 4 3.42
i
TABLE 8

EFFECT_?F INORGANIC N FERTILISER AND SLURRY ON YIELD OF CRUDE PROTEIN

(kg ha 7) IN SPRING BARLEY GRAIN
Rate of slurry -1 Rate of N fertiliser application (t ha_l)
application (t ha ) [¢] 40 80 120
[o] 218 298 392 422
37.5 492 579 610 693
70.0 623 601 627 665
112.5 617 660 629 514
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FERTILISER VALUE OF MECHANICALLY SEPARATED COW SLURRY

There is little information on the fertiliser value of the
liguid and fibre resulting from mechanical separation. An
example of the composition of the products of mechanical
separation is given in Table 9.

TABLE 9
COMPOSITION OF MECHANICALLY SEPARATED COW SLURRY

Total kg t_l fresh material
DM% N P K Mg Output ratio
liquid/fibre
Unseparated 7.3 4,37 0.60 2.33 0.44
slurry
Fibre 19.5 3.99 0.49 1.89 0.33
Liquid 4.4 4.41 0.74 2.90 0.48 4.8

Values are given for total plant nutrients but preliminary
evidence suggests that more of the nitrogen is in a plant
available form in the liquid than in unseparated slurry.

Since separation produces a free-flowing, relatively
homogeneous liquid which remains pumpable during long-term
storage, there is the potential for much greater flexibility
in the timing and rate of application. It is feasible, for
example, to apply accurately a calculated volume of liquid to
conserved grassland after each harvest to supplement inorganic
nitrogen fertiliser. Preliminary trials at NIRD, where the
liquid was used as a grassland fertiliser and the fibre for
maize, have given promising results. An example of how
separated materials could be utilised in a grass/maize cropping
programme is given in Figure 1, and the potential cost benefits
that could be achieved are shown in Figure 2.

The possibility of fortifying separated liquid with inorganic
N to give a balanced compound fertiliser for ‘grass is also being
investigated.
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8t slurry/cow/winter
@8.1% D.M.

[ Mechanical separatitFl

V4

6.4 t liquid/cow/winter
@4.3% D.M.

Y

1.6 t fibre/cow/winter
@ 19.5% D.M.

L]

Liquid on grass

Fibre on maize

0.24 ha/cow 0.16 ha/cow
Fertiliser Fertiliser from Fertiliser Fertiliser from
requirement liquid/cow requirement fibre/cow
N 72 kg 24 kg N 16 kg 6kg
P 12kg 4kg P 1kg 1kg
K 24 kg 16 kg K 3kg 3kg

Fig. 1 Utilisation of separated cow slurry in a grass/ maize farming system
stocked at 2.5 cows/ha.

Capital
£4.1/cow/annum
MECHANICAL Depreciation, etc
SEPARATION "‘ £1.9/cow/annum
| Running repairs
£1.2/cow/annum

Total cost
£7.2/cow/ annum

Liquid on grass
£5.9 /cow /annum|

Total saving
on fertiliser
—3! £7.8 /cow/annum

Fibre on maize
£1.9 /cow/annu

OR
Sell fibre to ] Gross income
horticulture £32/cow/annum
@ 2p/kg

Note a. values based on 250 cow herd with capital cost of separator
installation written off over 5 years
b. fertilizer value of liquid for grass and fibre for maize based
on 1976 artificial fertilizer prices in UK

Fig 2. Cost benefits from using separated cow slurry.
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ENERGY OUTPUT-INPUT RELATIONSHIPS

Apart from the cost benefits that can be achieved by
replacing inorganic fertiliser by slurry on the dairy farm,
appreciable savings in the energy input to crop production are
also obtained. Calculations of energy involved in the production
of forage maize at NIRD showed that the major inputs come from
nitrogenous fertiliser and tractor fuel which represented 50%
and 30% respectively, of the total inputs (Pain and Phipps, 1975)
Replacing inorganic fertiliser by slurry reduced the energy
input from 21442 MJ ha !

ratio t metabolisable energy output from 4.8 to 10.5. The
¢ energy input

to 9797 MJ ha-1 and improved the energy

magnitude of savings that can be made on grassland are limited
because slurry is not a balanced fertiliser for the crop and
nitrogen fertiliser needs to be imported onto the farm. These
type of calculations suggest that, in a maize/grass cropping
system, it is more efficient to use winter produced slurry to
grow maize and reserve the expensive, but more precise, inorganic
fertilisers for grassland (Phipps and Pain, 1976).

FUTURE OBJECTIVES

The long-term objectives of research on livestock effluents
at NIRD is to examine means of incorporating slurry into crop-
ping programmes to replace or supplement inorganic fertilisers
without endangering the purity of surface and ground waters. To
this end, factorially designed experiments with combinations
of inorganic fertiliser and cow slurry are being carried out
to compare nutrient budgets and assess the long-term fertiliser
value of slurry for grassland and forage maize. Further trials
are being carried out with spring barley and lucerne. To provide
meaningful results these type of experiments need to be carried
out on different sites with contrasting soils and climates.

More information is also required on the effects of class
of livestock, feed, management, type and period of storage on
the composition of cattle slurry. The problem of accurately



62

predicting the plant nutrient content of stored slurry and
handling difficulties tend to discourage farmers from fully
exploiting its fertiliser value at the present time. Techniques,
such as mechanical separation, could help overcome these

problems by providing materials of more predictable composition
which are relatively easy to handle. Integrated systems of
handling and utilising slurry need to be developed where savings
in inorganic fertiliser usage can be set off against the machinery
and storage required to simplify management problems.
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DISCUSSION

L.C.N. de la Lande Cremer (The Netherlands)
Dr. Dam Kofoed, I would like to have some information about

the use of nitrogen in your long term fertilisation experiments
with farmyard manure - what quantity of nitrogen you are giving
and whether it is given yearly?

I also have a remark to Dr. Duthion. You mentioned losses
of nitrogen and said that the losses are so great that you can
ignore the effect of the nitrogen of pig slurry. I don't
believe this. I calculate that with one appliction, in spring
time about 70% nitrogen will remain in the slurry, and in autumn
about 50%. If the application is repeated year after year on
the same soil the nitrogen effect will be much greater after a
number of years.

With regard to the accumulation of copper, you mentioned
a delay of about 100 years or more. This is true for arable
land but it will be much sooner for grassland. You have to
take into account the upper layer, the first 2 - 5 cm. The
first problems will arise for sheep with concentrations of 15 -
20 ppm of copper in the grass. It is not only a problem of
copper in the soil but also a problem of copper on the grass, as
opposed to in the grass.

Now the last speaker, Dr. Pain. Do you have any effects
on the damage of your sward by using this implement for injecting
slurries and what is the extent of this damage? Also, what is
your recommendation for the maximum amount of slurry on grassland,
using cattle or pig slurry? Did you apply the total amount of
slurry on the maize in one amount or in different applications
perhaps between autumn and spring?

I would like to make a comment both to Dr. Pain and Dr.
Tunney. I have found with my own experiments on grassland that
with the different kinds of animal manures, slurry and farmyard
manures, there are injurious effects on grass production which
can be physical or chemical. The higher the amount given, the
lower the quality of the sward will be, and the grass will be
less dense. The chemical effect is the loss of nitrogen by the
volatilisation of the ammonia, already mentioned. However,
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there will also be a very rapid change in pH, especially with
slurries and manures from poultry. With cattle and pig slurry
there is not this effect on pH but there will be an accumulation
of copper which may also be injurious to the grass.

J.H. Voorburg (The Netherlands)
Thank you very much. There is plenty of material to start
the discussion. Firstly, I will ask Dr. Dam Kofoed to give his

reactions.

A. Dam Kofoed (Denmark)

Thank you for your questions Dr. de la Lande Cremer. With
regard to the first point about the amount of nitrogen applied:
at present it is 400 kg overall; 100 kg for winter or spring,
225 kg for sugar beet; 75 kg for spring barley; zero for the
clovergrass. Previously it was 280 kg as an average for four
years and the relation between the different crops was as I have

already mentioned.

J.H. Voorburg
Have you any comments on what Dr. de la Lande Cremer has

said, Dr. Duthion?

C. Duthion (France)

No comment.

J.H. Voorburg

Dr. Pain?

B.F. Pain (UK)

With regard to your question on the effect of using the
implement on the sward, there were some short term mechanical
effects which tended to reduce grass yield. BAs you saw from
the slide, the grass yield or the amount of herbage available,
was lower on the injected plots than it was where the slurry was
spread on the surface. So, yes, there was some mechanical
damage.

On your second question about the maximum applications to
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grassland, I think we generally accept now that the rates of
application to grassland should depend very much on the
nutrient content of the slurry. It should be applied primarily
as a source of P and, more particularly, K, with cattle slurry.
In the trials we have done I would have thought we have applied
something in the region of 30 - 40 t/ha/year.

L.C.N. de la Lande Cremer
At what level of dry matter?

B.F. Pain

Normally about 10%. Whether or not slurry is applied in
one application or several depends very much on the experiment.
In the first experiment I mentioned there was one application
in mid-winter. The trials with separated liquid on grassland
involved several applications during the season. 1In the forage
maize and spring barley experiments the slurry was applied in a
single application in the spring.

H. Tunney (UK)
I would like to make a comment on the questions from Dr.

de la Lande Cremer and ask a question of Dr. Pain.

We have found in our work that after two years of applying
pig slurry we get a small but highly significant increase in pH.
I understand this hasn't been your experience?

L.C.N. de la Lande Cremer
In our experience there was a slow drop of the pH but it

was not significant. This experience was over about 5 or 6 years.
With the other manures we had an increase in pH from 4.4 to 8.0

over several years.

H. Tunney
We started with a pH of 6 and after two years it increased

to 6.2. We had a lot of replications and it was highly signif-
icant.

Now, my question for Dr. Pain. Could you expand a little
on the use of cattle slurry for grassland? I am not sure
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whether you mean grazing or land for conservation when you say
'grassland'. You mentioned a figure of 30 - 40 t/ha. If you
are thinking in terms of grazing alone without cutting for
conservation I would estimate that perhaps something in the
region of 5 m3/ha would supply adequate potassium for grazing.
A very, very small quantity of slurry gives adequate potassium
for a grazing situation.

B.F. Pain

In the relatively dry part of the country where we do our
experiments we have a lot of difficulty in using slurry on
grassland because of the smothering effect that we spoke about
earlier. We have found that more than 30 t/ha with a DM between
10 and 12% will reduce the amount of grass per unit area. Very
often it will increase the height of the sward but it certainly
depresses the weight of the grass per unit area. The other
problem in talking about very low applications, such as 5 t/ha,
is how do you spread that amount in farming practice. There is
no machine to do it unless, of course, you intend to separate
the slurry first, in which case you may well be able to get down
to those low rates of application., In that particular instance
I was talking about land solely for conservation.

P. Graffin (EEC)

Dr. Pain, is it possible to have a further explanation for
your balance of nitrogen in the case of very low losses in mid-
winter? There will be low rainfall in that case and at the time
of rainfall is there, or is there not, a higher loss of nitrogen?

B.F. Pain

Again, I must make the excuse that we operate in a very
dry area. To do this experiment we constructed special plots
which we isolated from the surrounding land by cutting a deep
trench down to the base clay and lining the trench with polythene
sheets, subsequently installing land drains inside the isolated
plot of land. We had these plots for four years and during that
time we never had sufficient rain to get a significant flow of
land drainage waters to be able to answer the question you have

just posed.
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A.V. Dodd (Ireland)

Dr. Pain, in your experiments where you laid down the
heavy dressings of cattle slurry, did you bother to check
whether or not there were any nutrients of COD manifested in
surface run-off?

B.F. Pain
We had no significant surface run-off that we could see.
It was a very flat experimental site.

J.H. Voorburg

Later on there will be further discussions on run-off I

suppose.

J.H.A.M. Steenvoorden (The Netherlands)

I have a question for Dr. Pain. What denitrification did

did you measure, did you have something in micrograms per litre
of soil per day? During what time did you measure it, by what

technique, and how? Was it as nitrogen gas?

B.F. Pain

I should perhaps mention that the work on denitrification
was carried out by my colleagues at Reading University which is
why I only mentioned it briefly. The work is published and I
have one or two reprints with me if you would like to have one.
It would take me a little while to describe precisely how we
did it.

J.H.A.M. Steenvoorden

Thank you. I have a qguestion for Dr. Duthion concerning
Table 1 in his paper. He gives a table with gains and losses
of nitrogen but I wonder why he has not included denitrification.
Also, he has measured losses in the drainage water and he gives
rainfall intensity but does he know the evapotranspiration or
the drainage water quantity? I think that is more important to
know about than the concentration.
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B.F. Pain

May I just add a point? We have found that the problem is
that it is exceedingly difficult to quantify the denitrification.
We have detected the occurrence of it by measuring the concent-
rations of N0 in the soil over a period of time but we were
never able to quantify the amount of denitrification which
occurred. This probably explains why it is missing from Dr.
Duthion's balance sheet.

C. Duthion

I have no evaluation of the denitrification. I think that
the balance sheet is nearly equilibrated for nitrogen; for this
reason I don't know the quantity of nitrogen which is denitrified.

J.H.A.M. Steenvoorden

Do you know something about evapotranspiration because you

only give rainfall?

C. Duthion
We have only drainage figures, but no data on evapotrans-

piration.

J.H.A.M. Steenvoorden
The phosphate shown in Table 1, is that total phosphate or

orthophosphate?

C. Duthion
Orthophosphate.

G. Steffens (West Germany)

Dr. Pain, you said that a high rate of nitrogen fertiliser
delays the maturity of the crop and depresses growth. Did you
make a distinction in your experiments between the yield of cobs
and the rest of the plant? We have only short term experiments
but we suppose that with increasing N dressings the yield of the
cobs increases. I mean that the cobs are also very important

for the gquality of forage maize.
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B.F. Pain

The answer is yes, we did distinguish between the cobs and
the stover; with increasing amounts of slurry and/or nitrogen
there was a decrease in the proportion of cob in the whole
plant.

G. Steffens
Can you give percentages?

B.F. Pain

I can't offhand. I think normally we were thinking of 60%
cob - if you think in terms of dry matter yield - 60% cob, and
that would reduce by between 10 and 15%.

J.R. O'Callaghan (UK)
I would like to make a comment on the question of nitrogen

balance. I think the papers we have had have raised more
questions for me than answers because it is extremely difficult
to get the balance. Sometimes terms are left out of the
balance and you are left with only half the information. I
would like to ask, Mr. Chairman, whether an opportunity could
be made some time during the Seminar for us to discuss how we

might measure a nitrogen balance and get a basis for it.

J.H. Voorburg

Has anybody any suggestions about a suitable time and
place to discuss this problem?

Anon
It is certainly very important.

A, Cottenie (Belgium)
At the end we have our sessions on methodology.

J.H. Voorburg

May I have a comment from Dr. van Dijk, will there be

enough time?
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H. van Dijk (The Netherlands)
I don't know, perhaps on Friday afternoon.

P. Graffin
In my opinion it would be useful to do it before then in
connection with landspreading and water pollution - nitrogen

balance is very important for water pollution considerations.

J.H. Voorburg
Maybe we can find an opportunity when we discuss the

topics of landspreading and pollution of ground water and soil.
If there are no more questions on this morning's papers
we will close this session now.
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EFFECT OF RATE OF APPLICATION OF ORGANIC AND INORGANIC
NITROGEN ON CROP PRODUCTION AND QUALITY

L.C.N, de la Lande Cremer
Institute for Soil Fertility, Haren (Gr.), The Netherlands

INTRODUCTION

The consumption of concentrated feeds by Dutch cattle
operations has increased considerably since 1950. Furthermore,
on the mixed farms in the sandy areas of The Netherlands,
considerable expansion and concentration took place of housed
livestock enterprises which are not dependent on land (pigs,
poultry, feeder cattle, etc.). This resulted in a situation in
which more nutrients are produced in manure than can be utilised
by crops grown on or around these enterprises. There is a
surplus of manure which must be removed from these farms and
areas on the basis of agricultural and ecological considerations.

During the same period new systems were developed for
manure collection and storage. Mixed storage as slurry, being
cheaper and requiring less labour, replaced separate storage of
solid and liquid fractions. FHowever, an important disadvantage
of the slurry system is its bulkiness resulting from uncontrolled
dilution with water (drinking water, wash-water, precipitation).
Slurry is, therefore, per unit of volume, less valuable than
solid manure, which in turn means that slurry can only be
econéﬁically utilised within short distances from the site of
its production. This makes disposal of surpluses difficult and
can lead to excess applications on available land. Some
consequences of excess rates of manure application on yield and
quality of field crops will be discussed below.

NITROGEN IN ORGANIC MANURE
In terms of permissible amounts of manure, nitrogen is by

far the most common factor that limits yield and quality of
field crops.
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In organic manure, nitrogen is present both in inorganic
and organic form. The former is immediately available to the
crop, the latter must first be mineralised. About 50% of the
organic fraction can be expected to be mineralised already in
the year of application (Sluijsmans and Kolenbrander, 1976).
The other half, more difficult to decompose, will be transformed
in the course of subsequent years. Thus, organic manures usually
have a greater or lesser residual effect (Table 1).

TABLE 1

RESIDUAL EFFECT ON WINTER WHEAT, UNFERTILISED IN 1974, OF CATTLE AND
POULTRY SLURRY APPLIED IN THE AUTUMN OF 1972

Type of manure Quantity Additional yield as
autumn '72, t/ha $~age of unmanured
Cattle slurry 50 13
100 25
150 27
Poultry slurry 20 15
40 23
60 37

Preceding crop in 1973: potatoes. Soil type: clay, 55% particles <16 pm

Grain yield, unfertilised: 5768 kg/ha for cattle slurry,
5545 kg/ha for poultry slurry.

When organic manures are used only once every three or
four years on the same field, their residual effect is usually
not taken into account. However, where surpluses exist large
amounts of organic manure will be used annually on the same
field; a store of nitrogen will be built up in the soil which
will gradually become available to the crop. If it is not
taken up it will be lost by leaching. The residual effects will
increase until an equilibrium has been reached between N input
via manure and output through uptake by crops and losses. If
these residual effects are ignored, one may bhe faced with
undesirable effects of excessive nitrogen levels on yield and
quality of crops and/or losses to the environment. 1In cereals
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a level which is too high will become evident first in the form
of an increasing sensitivity to lodging. In root crops, yield
reductions as well as quality deterioration may be the result.
The nitrate content of fodder crops may become undesirably high
for cattle.

Table 2 shows the accumulation of available nitrogen in
the profile of a sandy soil following application of different
amounts of cattle slurry to maize during three years.

TABLE 2

AMOUNTS OF RESIDUAL PLANT-AVAILABLE NITROGEN IN A SANDY SOIL (O - 80 cm) IN
kg/ha FOLLOWING APPLICATION OF DIFFERENT AMOUNTS OF CATTLE SLURRY ON MAIZE

Amount of cattle slurry, t/ha/yr

50 200 300
9-10-1973 117 186 240
31-10-1974 167 269 352

The amounts of available nitrogen shown above were found
in the soil after the maize had been harvested in the autumn!
A part of this nitrogen may remain in the soil for utilisation
by crops in the following year, but, depending on weather con-
ditions, another important part may be lost to the environment

during winter.

EFFECT OF ANIMAL MANURES AND FERTILISERS ON SOME QUALITY
CHARACTERISTICS OF POTATOES

The underwater weight (u.w.w.) of a given quantity (here
5 kg) of potatoes is a measure of the specific gravity, which
in turn is correlated with dry matter and starch content. The
u.w.w. is especially important to growers of industrial starch
potatoes, who are paid on the basis of u.w.w. Figure 1 shows
the effect of application of fertiliser nitrogen, nitrogen
contained in cattle slurry and poultry slurry, and combinations

of inorganic and organic nitrogen on the underwater weight of
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ware potatoes grown on a clay soil containing 55% particles

£16 pm.

The amounts of inorganic nitrogen ranged from O to

200 kg/ha, of poultry slurry from O to 60 t/ha, and of cattle
slurry from O to 160 t/ha. The organic manure was applied in

the preceding autumn.

uww {grams)

400~

340

320

300

poultry slurry

cattie slurry

40 80 120 160 200 240 280 320
kg N/ha (mitrochalk)

Fig. 1 Effect of applications of nitrogen, cattle slurry and poultry slurry
on underwater weight (u.w.w.) of 5 kg ware potatoes, var.Bintje,1973

A very close correlation was found, regardless of the N

source;
figure.

organic

In
made on
present
between
applied
clearly
2). In

therefore no separate data points are shown in the
There is a slight difference hetween the two types of
manure with respect to their effect on the u.w.w.

that experimental year (1973) no investigation was yet
the amount of plant-available (= nitrate) nitrogen

in the profile. Hence no relation can be shown here

the amount of soil nitrogen added to the fertiliser

and yield of potatoes. A number of other experiments
demonstrates the presence of such a relationship (Figure
1973, for instance, it was apparent that on a loam soil

(29% particles {16 pm) a total of about 280 to 300 kg available
soil N plus fertiliser N was needed to obtain the maximum yield.

In 1974

on a similar soil at a lower yield level, 220 kg sufficed.

Furthermore, in 1973 the yield level was lower for fertiliser

and cattle slurry than for farmyard manure and poultry slurry,
while the amount of available soil N present in spring was the
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same. Thus, although a clear relationship exists, it is not
yet possible to predict with certainty how much available

nitrogen is needed in a given year to obtain maximum production.

tons/ha

C potatoes
100~ °
& —TA T o
o
90}~ 19737
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& NPK
+ cattle slurry
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® aA_o o a A udgy,
& .A/
50 o> A
L~

| | | | I { 1 { 1 !
0 W0 a 80 120 160 200 240 280 320 360 400 440 480
kg available N/ha (soil +fertilizer-N)

Fig. 2 Relationship between available nitrogen in soil (O - 60 cm) in
spring plus fertiliser N and the yield of ware potatoes in 1973
and 1974. Loam soil (29% particles {16 pm)

It should be noted that the peak of the yield curve for
the lower level is so broad, that a few dozen kilograms of
nitrogen in excess of need would only cause a limited reduction
in yield (Figure 2). However, the dry matter and starch contents
would be distinctly reduced by such an excess! (Figure 1)

In Tables 3 and 4 several other quality characteristics of
potatoes are reported, determined after the experiment with

cattle and poultry slurry mentioned earlier.

The sensitivity to blackening was slight and became still

less following a heavier (inorganic nitrogen) fertilisation.

Boiling quality improved with increasing organic and in-
organic nitrogen application., However, potato texture changed
from floury to firm to somewhat wet. The tubers did not turn
grey, and taste and flavour were good regardless of types and
amounts of manure used. For the preparation of chips and

French fried potatoes, colour of the chip is an important
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QUALITY OF POTATOES (VAR. BINTJE) IN A TRIAL WITH CATTLE SLURRY

N application (kg N/ha) as nitrochalk

0 40 80 120 160 200
RATING FOR BLACKENING
(<10 = good)
Fertiliser 2.3 0.5 - 0.0 - 0.0
Cattle slurry 50 t/ha 1.2 0.5 - 0.7 - 0.3
" " 100 " .2 1.7 - 1.0 - 0.0
" " 150 " 0.0 0.3 - 0.0 - 0.3
BOILING TEST
(L = firm; 5 = broken;
f = floury; fi = firm;
sw = somewhat wet)
Fertiliser 3-f 4-f 2-fi 2-fi 2-fi 1-fi
Cattle slurry 50 t/ha 2-fi 1-fi 2-fi 2-fi 2-fi 1-fi
" " 10 " 2-fi 2-fi 1-fi 1-fi 2-fi l-sw
" " 150 " 2-fi 2-fi 3-fi 2-fi 2-fi 3-f
CHIP COLOUR
(1 = dark brown;
9 = yellow;
<5% = unacceptable)
Fertiliser 5 4 S 5 5 4
Cattle slurry 50 t/ha 5 5 5 5 5 )
" " 100 " 5 5 4 4 4 4
" " 150 " 5 5 5 4 3 3
SCAB
(Scale 1 - 10;
10 = good)
Fertiliser 7.7 8.3 8.5 8.7 8.7 8.2
Cattle slurry 50 t/ha 8.7 8.3 8.5 8.5 8.5 7.
" " 100 " 8.5 8.2 8.5 8.7 8.7 .
" " 150 " 8.7 8.8 8.8 8.5 8.8 .0
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[QUALITY OF POTATOES (VAR. BINTJE) IN A TRIAL WITH POULTRY SLURRY

N application (kg N/ha) as nitrochalk

o} 40 80 120 160 200
RATING FOR BLACKENING
( {10 = good)
Fertiliser 0.5 0.5 - 0.7 - 0.0
Poultry slurry 20 t/ha 2,8 0.8 - 0.2 - 0.3
" " 40 " 0.5 0.0 - 0.0 - 0.0
" " 60 " 0.8 0.3 - 1.0 - 0.3
BOILING TEST
(1 = firm; 5 = broken;
f = floury; fi = firm;
sw = somewhat wet;
sf = somewhat floury)
Fertiliser 3-sf 2-fi 2-fi 3-fi 2-fi l-sw
Poultry slurry 20 t/ha 2-fi 3-fi 2-fi 2-fi 2-fi 2-sw
" " 40 " 2-fi  2-fi 2-fi l-sw 2-sw l-sw
" " 60 " 2-sf 3-fi 2-fi 2-fi 1-fi l-sw
CHIP COLOUR
(1 = dark brown;
9 = yellow;
¢5% = unacceptable)
Fertiliser 5 5 5 4 5 5
Poultry slurry 20 t/ha 6 5 5 5 5 5
" " 40 " 5 5 5 5 5 3
" " 60 " 6 5 5 6 5 4
SCAB
(Scale 1 - 10;
10 = good)
Fertiliser 8.5 8.5 8.3 8.3 8.5 8.2
Poultry slurry 20 t/ha 7.7 7.7 8.5 8.5 8.7 8.8
" " 40 " 8.2 8.2 8.3 8.5 8.7 8.3
" " 60 " 8.0 8.0 8.3 8.2 8.0 8.8
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aspect of quality. A rating lower than 5% is unacceptable.

For all treatments in this trial, including the check, chip
colour was insufficient. Probably the rather immature polder
soil contained so much available nitrogen that the unfertilised
potatoes also could not meet this quality reguirement.

The incidence of scab was slight, there was hardly any
effect of fertilisation. There was slightly less scab in the
heaviest treatments. Tuber shape was good and was even somewhat
better at the higher levels of manure combinations.

The keeping quality of 20 kg lots of potatoes, obtained
from a trial in which since 1971 increasing amounts of pig slurry
in combination with mineral nitrogen had been applied, was tested
in cold storage in the autumn of 1975, After at least five
months of storage weight losses and numbers of rotten tubers
were noted (Table 5).

TABLE 5

LOSSES IN WEIGHT AS A PERCENTAGE OF THE INITIAL WEIGHT AND NUMBERS OF
ROTTEN TUBERS IN A STORAGE TRIAL WITH WARE POTATOES (14-10-1975 to 22-3-1976)

Fertiliser treatments kg/ha Pig slurry treatments t/ha

N 1PK* 2PK* 40sp** 80 au** 80 sp** 160 au**

WEIGHT LOSS %

[o] - 9.3 6.5 8.1 6.7 8.0
100 - - 5.8 6.0 5.9 6.3
280 6.5 6.3 - - - ~

NUMBER OF ROTTEN TUBERS

(o) - 7 5 8 3 12
100 - - 3 3 1 8
280 3 4 - - - -

* 140 P,05 and 140 K,0; 280 Py0g and 280 K,0, kg/ha

**sp = applied in spring; au = applied in autumn
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The weight losses were found to have risen with increasing
amounts of pig slurry from 6.5% to 8%, When the slurry applic-
ations were combined with 100 and 280 kg inorganic nitrogen, the
losses for all quantities of slurry did not exceed about 6%.
Also the number of rotten tubers was lower when organic and in-
organic applications were combined.

EFFECT OF ANIMAL MANURES AND FERTILISERS ON SOME QUALITY
CHARACTERISTICS OF SUGAR BEETS

The content of amino N in the juice of sugar beets is one
of the criteria used by the sugar refinery for the extractabil-
ity of the sugar. As this content increases it becomes more
difficult to obtain pure sugar, while greater losses occur,
ending up in the molasses. About 200 mg amino N per 100 g sugar
is considered the maximum acceptable amount. The amount of
amino N is related to the sum of the available nitrogen present
in the soil(to 60 cm) in spring and the amount of fertiliser
nitrogen applied (Figure 3). The data are from a trial with
poultry slurry (0 - 60 t/ha) in combination with fertiliser
nitrogen (0 - 200 kg/ha) on a clay soil (55% particles <16 pm).
The content of amino N (mg) corresponds in this case to 12.5 x
the amount of availakle N (kg).

As the content of amino N in beet juice increases, the
sugar content decreases (Figure 4). Although a clear relation-
ship exists regardless of the N source (soil, animal manure or
fertiliser), considerable scatter around the mean is evident
t o0.43 sugar). The two outer lines in this figure constitute
the limits within which 96% of the 144 individual observations

made in this trial occur regularly.

Figure 5 shows the relation between the amount of available
soil plus fertiliser N in spring and yield of sugar. 1In 1975
the maximum sugar yield was obtained with about 220 kg available
N in spring. According to Figure 3 this corresponds to an amino
N content of 274 mg, which according to Figure 5 corresponds to
a sugar content of 16.94% (possible range 16.54% to 17.34%).
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Fig. 3 Relationship between available nitrogen in soil (O - 60 cm) in
spring plus fertiliser N and the content of amino N in juice of
sugar beets. Experiment with poultry slurry on clay soil
(55% particles <16 pm).
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Fig. 4 Relationship between the content of amino N in the juice of sugar
beets and the sugar content., Experiment with poultry and cattle
slurry on clay soil (55% particles <16 pm).



83

kg sugar/are
140

130

120+ o a] ° 4 a
°
et
1nof ° o
’ /ﬁ A * Fy N
1975
[u} A

100 o

90 -

e only fertilizers
80 0 20 t/ha poultry slurry
040 t/ha poultry slurry
A 60 t/ha poultry siurry
70

1 | 1 1 f 1 1 1 1 i |
0 40 80 120 160 200 240 280 320 360 400
kg available N/ha
(soil +fertilizer-N}

Fig. 5 Relationship between available nitrogen in soil (O - 60 cm) in
spring plus fertiliser N and the yield of sugar. Experiment with
poultry slurry on clay soil (55% particles <16 um).

The content of amino N is considerably higher than the 200 mg
considered acceptable by the refining industries. If we take
this value as the limit, then at most 160 kg of soil plus
fertiliser N should have been available in the spring of 1975,
This quantity corresponds to a sugar yield of 97% of the

maximum production obtained in that year (Figure 5).

Although a rather close correlation exists between the
content of amino N in beet juice and the sugar content in a
given year and on a given trial field, considerable differences
in response occur between years and trials (Figure 6). As long
as these differences cannot be explained, it will be impossible
to establish N fertiliser recommendations on the basis of soil
analysis that will be acceptable both to the growers of sugar
beets and the beet processing industry.
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Fig. 6 Relationship between the content of amino N in juice and the sugar
content of different varieties of sugar beets grown on different
soils, in different years and with different nitrogen fertilisers
(organic and inorganic).

SUMMARY AND CONCLUSIONS

Annual applications of considerable amounts of animal
manure to the same field may give rise to a large accumulation
of plant available nitrogen in the soil. Part of any unused
surplus will disappear at the end of the growing season. If
this store of nitrogen is disregarded in the calculation of the
necessary amount of fertiliser, yield and quality of crops will
suffer. Various quality characteristics of potatoes and sugar
beets have been found to be related to the amount of available
soil N present in spring and the fertiliser applied. 1In
principle, two possibilities exist to prevent excess applications
of animal manure. The first consists in gradually assuming
higher nitrogen-effectiveness coefficients (= effect relative to
mineral nitrogen) for the nitrogen contained in animal manure;
in doing so the cumulative residual effect of this nitrogen is
taken into account (Sluijsmans and Kolenbrander, 1976). The
second method consists in determining the amount of available
N in the soil profile before the start of the growing season;

the amount of additional nitrogen needed in the form of
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fertiliser is then calculated. Yield and quality of crops

from the same trial and grown in the same year have been found
to be well correlated with the amount of available N, regardless
of its source (soil, fertiliser, organic manure). As far as
quality aspects are concerned, considerable variation between
trials and years exists, so far making practical application

of the correlation impossible!
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EFFICIENT RECYCLING OF NUTRIENTS

J.S.V. McAllister
Department of Agriculture, Belfast, Northern Ireland

There have been marked changes in agriculture and agri-
cultural practices this century and especially during the past
forty years. The objective has been greater and more efficient
output of both crop and animal products.

Northern Ireland agriculture has a tradition of livestock
production arising mainly from the influence of climate and farm
structure. The moist climate restricts tillage and harvesting
operations and at present only 10% of the agricultural land is
under arable crops. The mean size of farm holding is small and
although it has increased considerably in recent years is still
only 22 ha. To augment income on such holdings, the farmer of-
ten keeps pigs and/or poultry as well as cattle and sheep. Pop-
ulation movements and mechanisation may also have tended to re-
strict the area under cultivation.

A further consequence of the humid climate, is that to avoid
severe damage to swards and soils by poaching, most of the cattle
population is housed during the winter months. Consequently
large quantities of livestock excreta have to be collected and
disposed of with the attendant risks of public nuisance and
possible pollution.

The stocking intensity in the province is at present approx-
imately 1.65 dairy cow equivalents per hectare of agricultural
land. As illustrated in Figure 1, this is mainly the result of
a steady increase in the cattle population which has approx-
imately doubled since 1939. During this period there have been
large fluctuations in the pig and poultry populations arising
mainly as a result of variation in market demands. While the
latter stock are largely dependent upon imported feeding stuffs,
the large increase in cattle has been accompanied by greatly
increased output from grassland. This is reflected in the use
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of fertilisers during this period as shown in Table 1. Prior

to 1940, most of the fertiliser was applied to arable crops
especially potatoes but now grassland receives a very large pro-
portion of the total amount used. This partly accounts for the
change in the N:PZOS:KZO ratio from 1:2-3:1 in 1938-58 to 2-3 :
1:1 from 1968. These data also show that the use of P and K

fertilisers has levelled off since 1963.
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Fig. 1. Variations in livestock populations, Northern Ireland, 1939-74

TABLE 1
FERTILISER DRESSINGS IN NORTHERN IRELAND, 1938-75

Fertiliser Dressing (kg ha-l)
Period N P205 K20
1938-43 4.9 11.1 4.9
1943-48 8.6 24.7 8.6
1948-53 9.9 23.5 11.1
1953-58 12.4 23.5 12.4
1958-63 21.0 32.1 19.8
1963-68 28.4 28.4 22.2
1968-73 50.7 28.4 23.5
1973-75 70.4 23.5 21.0
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In the early 1960's it was apparent that on many of the
more intensive and well managed farms, the soil nutrient levels
were increasing. A nutrient balance for the province in 1965
based on farm imports and exports was calculated by McAllister
(1971). This indicated an input surplus of 20 kg P and 25 kg
K ha°l y_1 and a more recent calculation in 1974 showed little
change. With these mean values it was evident that very high
excesses of P and K could develop on some farms especially those
with appreciable pig or poultry enterprises. This was confirmed
by calculation of the balance for a selected 26 ha farm with
dairy cows, pigs and poultry which showed surpluses of 149 kg P
and 203 kg K ha~t y71.

On farms where such surpluses occur there will be an
accumulation of nutrients in the surface soil similar to that
illustrated by the data in Table 2.

TABLE 2

CHEMICAL PROPERTIES OF A GRASSLAND SOIL:-
A - untreated 3

B - treated with 1 700 m” ha~l pig slurry over 8 years

Soil Depth % C % N Extractable*
(cm) P K Cu

A B A B A B A B A B
0-15 4.47 5.08 0.58 0.71 15 154 135 570 16 38
15-30 2.03 2,16 0.21 0.25 2 15 50 115 11 15
30-46 0.77 0.87 0.07 0.11 1 2 37 60 5 8
46-61 0.38 0.46 0.03 0.04 1 1 39 62 4
61-76 0.27 0.37 0.02 0.03 2 1 41 79 3 4

* Nutrients extracted by normal ammonium acetate/acetic acid solution at
pH 4.2 : mg kg_1 air dry soil.

The high levels of potassium which can arisg increase the
risk of hypomagnesaemia and the build-up in copper levels may
also be important. 1In this soil there appeared to be little
movement of phosphorus below 45 cm. This is not always so and
increases in phosphorus at greater depths have been observed by
McAllister (1971) and the movement of phosphorus is most prob-
ably due to the fine solid particles in slurry moving down
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channels in saturated soil. This also indicates the possibility
of phosphorus entering drainage water from slurry dressings ap-
plied to wet soil or to soil with a rapid drainage system as
illustrated by the data in Table 3 (McAllister,1974). This is
the major reason why extreme care is advised where it is neces-

sary to spread slurry on land during the winter months.

TABLE 3

COMPOSITION OF DRAINAGE WATER FROM SITES A AND B AFTER APPLICATION OF SLURRY

Flow BOD COD N P
Period after  (1/hour ') (mg/1" ™) (mg/1~1) (Mg/17h (mg/171)
application
(hours) A B A B a B A B A B
- 955 1022 3 4 14 128 18 6 0.06 1.27
o - 0.5 964 1076 10 530 21 947 18 91 0.28 9.54
0.5 - 1 976 1106 5 215 15 427 19 36 0.20 3.69
1 - 2 970 1031 3 34 18 179 17 12 0.13 1.17
- 4 942 1104 2 7 18 90 8 6 0.07 0.37
- 8 888 570 2 7 14 46 10 7 0.06 0.45
8 - 24 1042 783 - 3 16 27 10 5 0.05 0.16
24 - 48 1042 4200 - 3 12 69 7 5 0.04 0.65

At present most farmers use manures and fertilisers in a
somewhat haphazard manner though recent increases in the cost of
fertilisers have probably made them more careful. Normally
little account is taken of soil nutrient levels or nutrients in
organic manures produced on the farm.

It seems desirable therefore to develop a system which could
enable the intensive livestock farmers to manure in a more logical
manner. McAllister (1971) suggested that a procedure proposed
by the Netherlands Ministry of Agriculture (1967) might be the
answer. This suggests that the net need of livestock farms for
fertiliser P and K can be assessed by relating the P and K pro-
duced in the excreta of housed livestock with the requirements
of the crops grown - the need for N on predominantly grass farms
being largely dependent upon management. Calculation of the
nutrient balance for the 26 ha farm mentioned earlier using the
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Netherlands data and procedure gave P and K surpluses of 99 and
144 kg ha_ly respectively. These are approximately 70% of
the values obtained by direct calculation which made no allow-

ance for losses during collection and storage.

To assess the value of this approach a pilot scheme on 100
farms in Northern Ireland was started in November, 1972 and a
further 100 farms were brought into the project during 1975-76.
Preliminary results for the first group have been published by
Adams and McAllister (1975). These indicate that the use of P
and K fertilisers is at best indiscriminate. No deficits of
P were recorded on any of these farms and overall deficits of
K occurred on only 9 farms. Many of the farms with pigs and/or
poultry had surpluses of these nutrients prior to the purchase
of fertiliser: the surpluses ranged up to 108 kg ha! for p
and up to 163 kg ha™! for K.

Satisfactory operation of this system in advisory work
will depend upon a number of factors. A major one will be log-
ical use of the organic manures on the farm, that is their
application to areas where demanding crops are grown - for grass-
land farms this will be the fields where the grass is to be cut
and removed. It will also be important to obtain reliable data
on the amounts and availability of the nutrients in excreta
from different types of animals under varying conditions. In
the practical operation of the system it would be useful to have
periodic checks on soil nutrient levels. Such analyses will be
affected by.the release or fixation of nutrients by soils and
research is required into the sampling and analytical techniques
to use. Results of some studies in Northern Ireland on the
availability of nutrients in slurry and on the effects of slurry
dressings on soils are outlined in the following sections.

AVAILABILITY OF NUTRIENTS IN SLURRY

Nitrogen
An experiment in 1962 compared pig slurry with various in-
organic nitrogen fertilisers on the basis of total nitrogen
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content. The yield response to slurry nitrogen was approximately
two-thirds of that to ammonium sulphate (McAllister, 1966). In
subsequent experiments "soluble" nitrogen contents of slurry
have been used for comparison with inorganic nitrogen levels.

The "soluble" nitrogen fraction is extracted by shaking with

cold 0.1 N HC1 over a period of 24 hours, a procedure suggested
by Hoyle and Mattingly (1954) as a basis for comparing composts
as sources of available nitrogen. Subsequent work indicates

that "soluble-N" is very similar to the ammonium-N content.

Results from 13 barley experiments carried out during 1964-
69 comparing ammonium sulphate, urea and slurry are given in
Table 4 (McAllister, 1970).

TABLE 4
MEAN YIELDS AND NITROGEN CONTENTS OF BARLEY (13 EXPERIMENTS 1964-69)

Treatment N content
Yield of grain, 85% DM of grain
Manure N applied (t/ha™™) (% DM)
(kg ha™1)
None Nil 2.86 1.70
Ammonium  37.7 3.29 3.33 1.77
sulphate 75.3 3.35 - 1.91
Urea 37.7 3.34 1.79
75.3 3.45 3.40 1.90
Slurry 37.7*% 3.44 1.77
75.3 3.44 3.40 1.90

* "Soluble" nitrogen

These show that both yield and N-uptake responses to
"soluble-N" in slurry were equivalent to those to nitrogen ap-
plied as ammonium sulphate or urea.

A long term experiment on grassland comparing a fertiliser
dressing supplying 200 kg N ha = with three levels of both pig
and cow slurries (50, 100 and 200 m3 ha'ly-l) was commenced in
1970 and is still in progress. The relationship between the
mean annual yields from the different treatments for the 1970-75
period and the mean annual dressing of soluble nitrogen is shown
in Figure 2 (McAllister et al., 1976). These data indicate that
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there is a reasonable correlation between the responses of

grass to the "soluble" or ammonium nitrogen in slurry and that
to fertiliser nitrogen.

14—

134 /

¥
r

fertiliser +

/ pig slurry m
|

cow slurry e
/B

] 1 | !
Lo 120 200 280 360
"Soluble N applied (kg ha~l y~1)

DM yield (t ha™l
|

-
o
]

9

Fig. 2: Relationship between DM yield and dressing of "soluble" N (long
term experiment - 1970/75 data)

In a laboratory experiment McAllister (1965) showed that
the level of "soluble-N" could be markedly altered by storage
conditions - increasing when stored under anaerobic conditions,
the extent of the increase depending upon temperature and dur-

ation of storage period. In slurry stores exposed to the at-

mosphere there was a large loss of "soluble-N" compounds. Sim-
ilar work on a field scale does not appear to have been carried
out although Greenmount Agricultural College (1976) have reported
a 12 per cent loss of total N in slurry stored in an open tank.
It is urgent to obtain more detailed information on the extent

and nature of such losses in practice so that efficient storage
facilities can be designed.
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Phosphorus and Potassium

Responses to phosphorus and potassium are more difficult
to assess. Results of an experiment on barley (Table 5) show
that poultry slurry could replace P and K fertilisers. Results
from more recent experiments (Table 6) confirm the value of the
P and K in slurries for barley. However, it is recognised that
the use of slurry for cereals presents problems in application,
the possibility of excessive nitrogen causing lodging and in weed
infestation. It is therefore éxpected that most of the slurry
will still be applied to grassland.

TABLE 5
RESPONSES OF BARLEY TO POULTRY SLURRY AND FERTILISER DRESSINGS

Treatment (kg ha'l) Relative yield of grain
P205 KZO

[¢] 100
75 75 123
45* [o] [¢] 154
45%* [¢] (0] 168
45* 75 75 168
45%* 75 75 167

* N source - ammonium nitrate ** N source - poultry slurry
Treatment P205 - K20 dressings from potassic superphosphate

TABLE 6
RESPONSES OF BARLEY TO PHOSPHORUS AND POTASSIUM

P or K Source Relative yields
P experiment K experiments
Site 1 Site 2 Site 3 Site 4
None 100 100 100 100
FPertiliser 121 110 109 98
Slurry 125 111 106 103
Fertiliser + slurry 126 114 110 106
Soil level of Low Low Medium Medium
nutrient low

The mean contents of P and K in the herbage from the long
term slurry experiment for the 1970-75 period are shown in
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Table 7. The responses to applied phosphorus were small and
there was little difference whether the phosphorus was supplied
by fertiliser or slurry. Responses to applied potassium, as
would be expected, showed greater variations. The mean K con-
tents 6f herbage from all the pig slurry treatments were lower
than for the fertiliser or any of the cow slurry treatments.
This was despite the fact that the heaviest pig slurry dressing
supplied more potassium than the fertiliser and the lightest
cow slurry treatments and could suggest a difference in avail-
ability between K in pig slurry and that in cow slurry or fert-
ilisers. It should be noted however that due to the dilute
nature of the slurries used in some years only the two heaviest
rates of cow slurry on average supplied more potassium than was
removed in the herbage. Adams (1973) also has suggested from
its effect on herbage-K level that slurry-K may not be so effect-
ive as fertiliser-K.

TABLE 7
DRESSINGS AND UPTAKE OF P AND K (LONG TERM SLURRY EXPERIMENT, 1970-75)

P R
Nutrient Phosphorus otassium
Source applifd 1 per cent in applied per cent in
(kg ha "y ) herbage DM (kg ha~ly~1) herbage DM
Fertiliser 32 0.27 160 1.76
Pig slurry 29 0.27 53 1.26
58 0.29 107 1.40
117 0.30 214 1.59
Cow slurry 18 0.27 140 1.68
36 0.28 279 2.12
73 0.28 557 2,53

EFFECTS OF SLURRY DRESSINGS ON SOILS

Soil Analysis

In many areas the increasing use of fertilisers and manures
has been reflected by increases in the levels of nutrients in
soils. Re§ults for the analyses of soil samples from the long
term slurry experiment (Table 8) indicate the type of data
which may be obtained.
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TABLE 8
SOIL ANALYSES FROM LONG TERM SLURRY EXPERIMENT, 1970 AND 1975
Sampling mg kg'1 extractable*
Date Treatment pH P K Mg
Spring, 1970 Nil 6.3 21 71 ND
Winter, 1975 Fertiliser 5.4 18 61 37
50 m3 ha~ly~t 5.6 18 61 68
Pig slurry 100 " " 5.6 25 62 86
200 " " 5.7 44 66 127
50 m>ha~ly~1 5.7 14 66 82
Cow slurry 100 " " 5.9 19 110 113
200 " " 6.1 30 338 170

* Extracted by normal ammonium acetate/acetic acid solution of pH 4.2;
sample depth - 15 cm.

Increases in the extractable P and K levels in this soil
were recorded where the amounts of these nutrients applied ex-
ceeded the amounts removed in the harvested herbage, that is for
P the 2 heavier rates of pig slurry and the heaviest rate of cow
slurry and for K the 2 heavier rates of cow slurry. Both
types of slurry supplied more Ca and Mg or at least did not dis-
place the same amounts of these nutrients as did the fertiliser
treatment.

The ~elationship between the P and K applied and removed
are showr in Figures 3 and 4. For phosphorus any increase in the
amount of extractable P in 2500 tonnes soil was about 15 per
cent of the excess dressing per hectare. This probably indicates
the extent of P fixation and therefore could vary with different
soil types.

The soil on which this experiment is sited can become de-
pleted rapidly in exchangeable-K but is also capa?le of releasing
non-exchangeable-K fairly readily. The data in figure 4 indi-
cates that between 60 and 90 kg ha-]‘y-'l were released when K
application was inadequate to meet the requirement of the herb-
age. At the only very high application of K in this experiment,
most of the excess remained in the soil in exchangeable form.
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These results were obtained on plots where treatments were
applied uniformly and the herbage was cut and removed. Under
such ceonditions, uniform sampling is not a major problem. For
advisory work and especially on intensively grazed pasture, the
collection of representative samples can present problems.

As illustrated in Table 9, there can be large variations in
nutrient levels between relatively shallow layers of a soil. It
will be essential therefore to standardise the depth of sampling.

TABLE 9

VARIATIONS IN SOIL NUTRIENT LEVELS WITH DEPTH (LONG TERM SLURRY EXPERIMENTS,
(1975)

Mean values for all treatments
mg kg
Sampling depth pH P K Mg
0-50 mm 5.66 37 163 152
50~100 mm 5.70 19 98 85
100-150 mm 5.80 16 67 56

* Extracted with normal ammonium acetate/acetic acid solution at pH 4.2

A problem more difficult to overcome will be the variation
in nutrient levels that arises from the uneven return of dung
and urine to pastures by grazing animals. An extreme example
of this is where the sward can be killed off by severe scorch-
ing resulting from excessive dressings of urine. The "dead"
areas may subsequently be recolonised by inferior grasses (Poa
spp.) or by stoloniferous ryegrass. Such recolonised areas are
susceptible to further damage by severe climatic conditions or
disease although the farmer normally considers that the sward
has recovered. McAllister et al. (1971) showed that wide vari-
ations could occur between the nutrient levels of these areas
and adjacent healthy areas.

The analyses in Table 10 are from a recent advisory invest-
igation into such a problem. The two samples were collected
within 15 cm of each other and they show the normal features
associated with such problems ie on the affected area there is
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a higher concentration of soluble salts, a higher degree of
acidity possibly the result of excessive nitrogen and a very
much greater level of extractable potassium. While such results
may be extreme, they suggest that considerable variations could

arise even on moderately intensively grazed pastures.

TABLE 10

VARIATIONS IN SOIL NUTRIENT LEVELS UNDER INTENSIVE GRAZING

Analysis "Dead" area Adjacent

"Good" area

pH 4.9 5.3

o pC 3.25 3.63

— -

-

S'o P 40 40

SRR

8o K 583 82

+ E

&7 Mg 191 281
Ca 4210 6000

Decomposition of slurry in soil

Studies on the decomposition of slurry in soil have been
reported by Cornforth and Stevens (1972), Cornforth (1973) and
Stevens (1973). It would appear that when slurry is applied to
soil, the coarser fraction accumulates on the surface. If this
material is not broken down ie if the dressings are excessive,
it will form an organic layer, slow to dry out and render the
soil more liable to poaching. The finer slurry solids under
250 pym block soil pores and restrict aeration. Some of the
blocking materials are composed of polysaccharides produced
microbially during slurry storage.

Applying slurry to land thus adds easily decomposable org-
anic matter to the soil, increasing its demand for oxygen and
at the same time slowing gaseous diffusion by blocking soil pores.
In the long term experiment the dressings of pig slurry were
found by Cornforth and Stevens (1972) to decrease the oxygen
content of the soil atmosphere to 5 per cent with a correspond-
ing increase in carbon dioxide. They also found in laboratory
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experiments that under the anaerobic conditions induced by fre-
quent slurry applications methane and ethylene are produced,
methane production being typical for slurry decomposition under
such conditions. They were unable, however, to identify methane
or ethylene in the soil atmosphere of the long term experiment
but Burford (1972) after applying thick cow slurry - 15 per cent
DM - to land, found up to 6 per cent methane and 3 Jips 1-l ethy-
lene in the soil air. It is probable that even moderate app-
lications of slurry will result in anaerobic zones developing

in soil, the effect being greater if the soil is initially wet
or poorly drained.

Furthermore, when slurry is applied, anaerobic bacteria
and the products of their metabolism, which accumulate in slurry
during anaerobic storage, will be introduced into the soil. Con-
ditions in slurry treated soils are such that these bacteria
can continue to thrive and their metabolites, which may be phyto-

toxic eg volatile fatty acids, may persist.
CONCLUSIONS

In Northern Ireland, it is expected that work will continue
to develop the nutrient balance concept to provide a simple sys-
tem which will enable farmers to manure on a logical and effic-
ient basis. Assessment of the availability of the various nut-
rients in different types of slurry and the effects of storage
conditions on the solubility of the nitrogen compounds in slurry
will also be continued.

Analysis of large numbers of slurry samples for soluble-N
or ammonium-N contents is not practicable and it would therefore
be useful to develop a simple technique, eg test papers, to give
some indication of the amounts of these nitrogen fractions in

slurry.

Further studies on the effects of slurry dressings on soil
nutrient levels are required. The work carried out suggests
that it might be useful to have information on the use of more
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powerful extracting solutions for phosphorus and on the amounts
of potassium which different soil types may release under field
conditions. The problems outlined in soil sampling suggest that
for advisory purposes and field experimental work it would be
useful to adopt a standard depth for sampling. For this purpose
and also to ensure the collection of more representative samples,
the development of new sampling equipment may be necessary. The
essential requirements would be to collect greater numbers of
soil cores to a fixed depth than can be done with present equip-
ment.

The liquid condition of slurry is responsible for some of
the major problems that may arise when slurry is spread on land,
eg, the risk of pollution and nutrient enrichment of drainage
water, the slow breakdown of the solids on the surface of grass-
land and the possibility of phyto-toxic compounds being produced
by anaerobic decomposition of the finer solids in the soil. The
extent of these problems would be reduced if much of the water
in slurry could be removed before spreading on the land.

Most of the existing methods of separation or drying are
expensive requiring either a considerable input of energy or
the provision of absorbent materials. Laboratory studies sug-
gest that it may be possible to develop a settlement technique
with a low energy requirement. Combined with this the use of
physical and chemical processes for treating the effluent should
be assessed. There will be a lot of soluble nitrogen compounds

during such treatment but complete recovery of the other nutrients.
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THE AGRONOMIC UTILISATION OF PIG SLURRY:
EFFECT ON FORAGE CROPS AND ON SOIL FERTILITY

(Summary of a five-year investigation)

V. Boschi, P. Spallacci, M. Montorsi
“ Experimental Institute of Agronomy, Modena, Italy

INTRODUCTION

Italian pig production has doubled in the last ten years,
but despite this it represents only 12% of the total EEC pro-
duction. Italy has the lowest productivity (60 - 70 kg) and
number of heads per inhabitant (15 head per 100) and, for this
reason, can supply only 4/5 of the consumption.

It follows that pig husbandry and, in consequence, pollution
problems must increase. This is particularly true of the
northern regions that are responsible for more than half of the
pig production.

AIMS AND ENVIRONMENTAL CONDITIONS

The investigation that we have been carrying out for th