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Ammania lgsses. after animal slurry application

A. AMBERGER and J. HUBER

Technical University of Munich, Instiiute of Plant Nutritian
\

8050 Freising-leihenstephan, FRG

Intradyction

Discussion about an environmentally safe management of ani-
mal! siurry so far has been mainly concerned with leaching of
nitrate. In contrast, there is only feuw detailed information
an the quantity of vaolatile ammonia losses. HMore recently,
the question of ammonia emission 1i$¢ receiving increased
attention. Atmospheric pollution by NH; is supposed to be
partly responsible for sgil acidification and for forest de-
cline because wﬁﬁmﬂ a short retention time in the atmosphere
ammoniacal nitrogen is returned to the soil by wet and dry
deposition (as NHs or MHz).

in Evurope, an estimate of 4.4 mio tons aof NH; are emitted
per mmmﬂ. About 80 % are supposed to be due to animal
husbandry. Ammonia is emitied from stable air; it also eva-
porates during storage of animal excrements. Considerable
ampounts af NHs; are released during and especially after ap-
plication of siurry. Volatilization of NHy after slarry ap-
plication can be in the range of 5 to 95 % of applied ammo~
nium N. This wvariation in reported loss rates is mainly due
to the greait number of factors which determine the process
of NHy release.

Our investigations were desianed tc measure NHs lasces after
slurry application under field conditions, and to determine
the effects of meteorological parameters, type of siurry, as
well as farm and time of slurry applicaticn.
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Haterigl and methods

A& wind tunnel techplique was used to determine NH: losses.
The experimental area (1 m®) is covered with a tunnel made
from transparent polycarbonate. One end is tightly connected
to a radial fan to form a partially closed system. Alr s
drawn into the tunnel by suction and pasces over the experi-
mental area. NHy released from siurry is itransported in the
tunnel by the air stream. An aliquot part of the exhaust
air is introduced to an acid trap by means of a diaphragm
3ir pump. NH: coliected by the sulfuric acid is finally de-
termined by distillatian.

The system of small uind tunnels was suitable for comparati-
ve studies; we conducted singie-facior experiments with 2
treatments and 2 replicates. MNHy concentraticn in the air
over an czsmscwma area was delerminag as control.

Sturries were applied on the basis of equal amounts af ammo-
nium N: 100 kg NHs-N/ha on arable land, 6C kg NH.-N/ka on
grassland.

Ory matter (OM) content of slurry ranged between 1.5 % (pig
slurry) and 10 % (highly wviscous cattle slurry), pH values
petween 7.C and 7.7.

All experiments were conducted an a silty lpoam of pH 6.5
with a CEC of 14.1 meq/100g9 soil.

Alr flow rate in the tunnel was equivalent to a 35— feld air

exchange/ min.

Results and discussion

Patlarn of NH;z wm_mmmm with time

There is an approximately logarithmic relationship between
time and cumulative values of NH; losses {expressed as % of
applied NH:=-N) in all experiments (Fig. 1.

NH; release starts immediately after siurry application and
reaches its greatest intensity (that means released NH; /time
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unit) already on the first day. Laterocn the rates decrease.
The total amount of loss therefore is mainly determined by
the initial laoss rates.

Loss of ammonia after surface application of varigus slur-—

rieg - effect of dry matter cantent

Highly wviscous cattle slurry with 10 % dry matter, applied
in August on soil covered with stubbles and siraw resulted
in significantly higher NHs losses than cattle slurry with
only 5 % OM, within 10 days about 70 % as compared to 40 &
of appiied MNHa =N were released as NH; (Fig. 1).

After slurry applicaticon gn compacted soil in MNovember, NHa
release also increased with dry matter contents. While thin-
Iy liquid pig slurry (1.5 % DM gave only low lasses of a-
bout 10 %, ﬁrm rates far the viscous cattle slurry (7.8 %
DMY were zbout 40 . :

This effect is due to the differing infiltration af the
sturries. Slurries with Jow viscosity infiltrate the soil
mare rapidly and thus enable & stronger sorption of NH,-N.
Highiy viscous siurries, however, with inhibited infiltrati-
an remain on the sail surface far a longer pericd where the
direct contact to the aimosphere enhances NHs wvolatiliza-
tign. The infiltration of siurry is additionally impaired by

a layer of strauw.

Slurry application to qrowing crops

One of the possibilities to use slurry in spring is the ap-
plication te grouwing crops. Therefore it was to bHe ifested
how a crop canopy at grouwth stage EC 29-32 (end of tille-
ring/beginning of shcooting) effected ammonia wvelatilization
(Fig. 2}.

Winter wheat and winter barley had almost identical volati-
tization rates of about 25 X%X. Compared to soil application
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without incorperation, iosses were reduced by 40 or 50 X,
The. main reasen for this decrease in NH: loss is probably
the fact that the plani canopy lowers the wind velocity clo-
se 1o the soil surface, with slurry N thus being better pro-
tected against wvolatilization. It is also possible that part
of the released NHy is taken up by the plants.

Slurry on garassliand

The effects of varied time of application af siurry an
grassland is given in Fig.3., With louw temperatures in winter
{minimum temperature -2° C, maximum temperature 15° ),
slurry application to grassland resulted in lesses of about
22 %. The same amounts of ammonium applied to the surface of
tilled soil gave sgomewhat lower losses (about 16 %). Obvi-
gusly the moa. impaired the infiliration of slurry so that
less NHy could be sarbed by the sail.

Extremely high Hmmmwm of nearly 80 % were observed after
sturry application in late summer with dry and warm weather
canditions. In this case, NH: volatilizatian was enhanced by
high temperatures (maximum 28° C) as well as by the high dry
matier centent (2.5 % DM cf the slurry.

Effect of mode of appliication

The mode of slurry appiication is an important factor deter-
mining ammonia volatilization. While losses were increased
by surface apeplicatian, incorporation with a cultivator re-
duced losses to about one third (Fig. 4). Due to mixing of
siurry and soil, .more slurry ammonium is getting in contact
with sorptive sites of the soil and thus escapes petential
evaporation. As can be seen from the diagram incorporation
is anly efficient if performed immediately after slurry ap-

plication.
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Conclusians

The remarkable differences in total amounts of ammonia vola—
tilizatian are mainly due to differences in the composition
of slurry, crop and weather conditions as well as method of
appiication.

Losses can rise up to about 80 % 0f the NHe~N applied with a
great proportion of the total loss accurring within fhe
first day after application.

Slurry dry matter content is an essential factor: high los-
ses can be expected after surface application of highly vis-—
cous slurry on stubbles- and sitraw, compacted soil and
grassland.

The hazard of ammcnia losses is lower after slurry applica-
tian at low temperatures. The influence of temperature
decreases, hpuwever, if infiltration of the slurry is

impeded.

An  immediate incorporation is a very efficient way ta keep
tasses as low as possible. If incorpeoration inte the soil is
not feasible far instance after application on grassland or
into grouwing crop, wviscous slurry should be diluted with
water.,

By reducing ammonia losses, not aniy mineral fertilizer can
be saved but also tihe cantribution of agriculture to air
poltlution can be diminished.
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Proc. of 1st symposium "Fertilization and the Environment™
held in ILeuven/Belgium, 27-30 Aucust 1989, 314-329

Cmm.o* Organic Wastes as Fertilizers and its
Environmental Implications

A. Amberger

Institute for Plant Nutrition
Technical University of Munich-Weihenstephan, Munich, FRG

INTRODUCTION

Each type of land use ultimately leads to a more or less severe impact on natural
ecosystems. The return of organic wastes from agriculture to the natural cycle
{recycling) is a necessity in terms of farm management and political economics.
When applied in normal amounts, they contribute essentially to an enhanced plant
growth and to a sustained and increased soil fertility; however, when applied in
excess or at the wrong time, they may result in pollution of scil, water, or air.
Consequently, the guestion arises of the lmitations of an economical and
ecologicaily justifiable use of residues from plant and animal production.

Soil fertility is a parameter determined by site and management conditions; it is
an index for the soil s productivity and security of yield. The dynamics of the organic
?m:ﬁ and of nitrogen (of which 95 % is bound in organic matter) is especially
important.

Mineralization, nitrification and denitrification alternate with biological or chemi-
cal N immobilization, these processes being dependent on site and management as
well as on the composition and C/N ratio of the applied organic matetial. The goal
of mn.o&aa% land use, therefore, must be to optimize the growth of crop plants while
keeping environmental pollution, in its broadest sense, as low as possible.

The environmental implications of organic waste application can be as follows :
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a) An excess supply of organic matter may result in a temporary strong immobi-
fization of soil nitrogen {causing N deficiency in crops) ; the turnover capacity of
the soil can be exceeded and soil structure can be impaired.

b) By a high rate of mineralization and nitrification especially in the fall large
amounts of nitrate can be released and leached into the groundwater in the subsequent

fallow season.
¢) By surface runoff (erosion) of animal wastes, particulatly of slurry, surface

waters can get heavily polluted.
d) Gaseous emissions of nitrogen in form of NH3, to a lesser extent also of NOx,
are the cause of acid depositions with all their familiar consequences like forest

damages and soil acidification.
RESIDUES OF PLANT PRODUCTION

The most important residues {rom plant production are straw and green material.

Straw material

Straw normally remaining on the ficlds after harvest is incorporated into the soil and

submitted to decomposition. Cereal straw (Table 1) with a dry matter content of
about 75 to 80 % is rich in cellulose, pentosanes and lignin the latier being very
resistant to microbial attack, but important for the formation of "stable humus’. The
C/N ratio is wide. Maize straw (Table 1) has a higher N content and a fower C/N
ratio; the cores contain higher amounts of sugars. Therefore maize sttaw will be

degraded faster.

Table 1. Components of cereal straw (average % in dry matter).

small grain small grain
grains maize grains maize
cellulose 44 35 N 0.5 1.0
pentosanes 28 28 P 0.1 0.2
easily hydrol. 5 12 K 1.1 1.8
carbohydrates
lignin i8 18 Mg 0.1 0.2

C/N ratio 100 60 ash 4.7 7
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The same holds true for ficld bean and rape straw or for potato foliage with a C/N
ratio between 60 and 70 (Ambetget, 1987). Generally speaking, a wide C/N ratio
results in immobilization of soil nitrogen for at least several months. During this
time, N is *biologically blocked", but also prevented from being leached (Table 2;
Amberget, 1987). Part of the remineralized N is again available to the plants but not
before the middle of the following cropping season; complete decomposition takes
1to2 years. Infertile soils, the native nitrogen available in autumn can be *conserved”
in this way and is protected from leaching. Long-term experiments with fertilizer
application reveal that straw manuring undoubtedly enhances biological activity,
whereas the increase in stable humus is only minor. The "biologically blocked'
nitrogen is directly utilized by plants with an effiency of only 8 %. The remainder
enters into the basic turnover of the soil.

The main positive effect of straw manuring is based on its high C supply which
serves as food for microorganisms, resulting in an increased biological activity, a
biological N conservation and a decrease of nitrate leaching. However, negative
cffects on soil fertility can occur when excessive amounts of straw (in close
successions of cereal crops) are applied particularly to heavy soils where oxygen
diffusion is temporarily deptessed. Under these conditions, anacrobic fermentation
takes place, detrimental degradation products accumulate, and N2 escapes into the
atmosphere. In case of low soil moisture, a *puffy’ structure can be the result of many
years of intensive straw manuting, resulting in an increased risk of erosion.

Green material

In farms without livestock, sugar beet leaves and catch crops remain on the field and
are incorporated into the soil as green manure. Theit dry matter content is rel atively
low (between 15 and 30 %) and easily decomposable; their nitrogen content varies

Table 2. N leaching and N uptake after wheat straw manuring in pot trials (siity
loam, pH 6.5, N appl.: 890 mg pot™).

Time of straw and N leaching mg pot - N uptake by ryegrass mg pot -

N application without straw  with straw

control (Ng) 160 6 49 36
August 564 164 68 67
September 434 280 64 58
October 264 108 82 74
LSD% 25
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between 1 and 4 % mainly depending on fertilization. The C/N ratio ranges between
12 and 30 (Vilsmeier and Gutser, 1988 a, b).

Since the “critical limit’ lies between 25 and 30, green material undergoes a faster
mincralization compared to straw, which may increase leaching of nm:.m.ﬂo. .

In model experiments with soil temperatures simulating field conditions during
autumn, and spring (on the basis of long-term mean values), it could be demonstrated
(Fig. 1) that with a C/N ratio of 24 the N mineralization of sugar beet leaves
incorporated in October was low; with a C/N ratio of 13 and 17, however, awmommo
of nitrate started already during the autumn/winter period, and reached a maximum
in May. N mineralization of catch crops gives a similar picture Quwm. 2). .

Consequently, green material should be incorporated into the soils as late in fall
as possible, or even better, if soil properties are favourable, not gmoan.mwnum. Nitrate
leaching and pollution of ground water can be actually ﬂnmcom& this way, as was
demonstrated by the results of our 6-years lysimeter trials in Weihenstephan (Gutser
and Vilsmeier, 1989). In a crop rotation of wheat and sugar beets (T: mEn.w 3), the
combination of slurry application with inorganic fertilizers and catch cropping gave
the lowest rate of N leaching (less than in the control!t) with the annual N uptake by
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Fig. 1. Release of nitrate from sugar beet leaves after incorporation in October
(Vilsmeier and Gutser, 1988a).
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the crops being :ﬁ.&w on the same level. According to these observations, the great
m&<m§mm.n of casily decomposable green material for soil fertility does not
necessarily result in an increased pollution of ground water with nitrate.

WASTES FROM THE PROCESSING OF PLANT PRODUCTS
Potato starch waste water

In processing potatoes for starch production, waste water is produced in the season
between end of August and December and is irrigated on agricultural land (Amberger
and Gutser, 1984, Bayer ef al., 1987, Amberger and Tucher, 1989).

mg .2.&1{-\
R.m. g soil

o——o comtrol = sail without crg. marerial
——a--e rape C/N 29
——a rape C/N 17
D rape C/N 7
254 &--amme-n Fye Grass AN 3
A rye grass N 20

20+ \

Nov. Dec.  _fen. Fes.  Marca Aprl June .E__\ Cer.
Je pe ge 1 g= ge 17e B‘o
fempercture agec fo leag-rerm avercge

Fig.2. N .BSQm_mNmmo: from catch crops (incl. roots), incorporated in November
(Vilsmsier and Gutser, 1988b).
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Table 3. N-lsaching and N-uptake in lysimeter trials "Weihenstephan” (Gutser and
Vilsmeier, 1889). Crop sequence: wheat, sugar beets, & from 1983-

1988,
N application leaching kg N ha’ uptake kg N ha™
control 37 46
inorganic fert. {opt.) 37 92
slurry / inorg. fert. 43 838
slurry f inorg. fert. + catch crops 28 88

Table 4. Composition of potato starch water (after protein precipitation) (Amber-
ger and v. Tucher, 1989).

_i._

mg
dry matter 1% N 700 0.7
C/N ratio 4.2 P 110 0.1
pH 6.6 K 1550 1.6
Mg 115 0.1

Potato starch waste water processed according to curtent techniques which include
protein precipitation, contains (Table 4) little dry matter, high amounts of nutrients,
and has a narrow C/N ratio. N compounds (amino acids and amides) are mineralized
and nitrified relatively fast, thus being subject to leaching. By adding straw, green
manure, or a nitrification inhibitor (dicyandiamide, DCD) this nitrogen can be
conserved and thereby protected from leaching (Bayer, 1988).

With overall straw application, the nitrate concentration in the soil profile is low
and does not change much during the winter (Fig. 3). After potato starch water
application together with green manuring in September, nitrification starts at a slow
ratc in April. When potato starch water was applied in November, very highamounts
of nittate occurred already in February and could be leached; the addition of DCD,
however, could postpone nitrification until April, the beginning of growth of the
following crop.

With respect to its high nutrient content, potato starch water application should be
limited to a total supply equivalent to 200 kg N ha™'. This amount can be utilized by
the subsequent crop if its application is combined with the described agro-technical
methods.
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Potato residues from distilleries NCy-N
. (kg/hal

Distiller’s wash produced in the alcohol fabrication from potatoes so far has been _
used as animal feed on an obligatory basis. At present, its direct employment as an 1251 Nov. » DCD
organic fertilizer with high nutrient for agricultural purposes is being considered. Nov. - DCD

In incubation trials at 8°C over a period of 70 days we could observe no release of 100-
nitrate, but rather a biological immobilization of N. In field trials with oats (Table
5), however, an application of 40 m® distiller’s tesidues (ca. 128 kg N ha™") was
neatly as effective as a mineral fertilizer dressing of 30 kg N as calcium ammonium 757
nitrate. Consequently, fertilization with these residues in late fallfspring does not
result in ground water pollution (Gutser and Amberger, 1989). 5 Sept. green :

: 0 manuring
WASTES OF ANIMAL PRODUCTION 5] V.\...\.H.n.\...\...\..\.\ control
Stable manure and liquid manure A
—7 T ! ’

Stable and liquid manure have for a long time been the only wastes of animal 13.10. 5.2 7.2 94
production. Stable manure, a mixture of straw, dung and urine, left to decompose ) e -y and
for several months, finally reaches a C/N ratio of 20 to 30 and is normally applied - Fig.3. Effect of spray irrigation of potato starch waste water (30 mm ha ) an

straw manuring in all plots on the nitrate concentration in the profile {0-90

to the field in autumn. Per livestock unit (LU) and year on the average 10 ton of solid om) of loamy sand (Bayer,1988).

manure are produced which equals a total of 25 dt dry matter and as little as ca. 5 kg
of immediately available (ammonium) nitrogen (Table 6; Amberger, 1987). During
the following crop, however, 30 to 40 % of the total N become plant available. The
limiting factor for stable manure production on a farm is the supply of straw which
depends on the proportion of small grains in a crop rotation. In stable manure farms, S , I
m<vnmnoow WESEMVQ ﬂwaﬁmzw does swﬁ exceed 1 ﬁm ha!, and therefore scarcely any Table 5.  Effectiveness and uptake of N ?wz,_ potato u_w.z_ﬁu.o% MWmLaﬂmM .__ﬂ..rma
environmental problems arise conceming groundwater pollution with leached rials with oats. Nutrient contents (% of fresh weight): 0.27 N, 0.11 P20s,
nitrate, with the exception of a certain extent of NH3 volatilization at the manure 042 K20,2.7C, /N = 10.

yard. The nutrients of stable manure are not sufficient for the following crop and calcium potato residues grains
rm&o 8. be m.c@vmﬁ.doaoh_ by mmﬁcm.nn Emsowww »,on:m.mﬁ. m.wv:nmmosm. Eﬁﬁgﬁ. mBSo:EB nitrate kg N ha'l c.:wv yield dth al N uptake kg h a!
which is urine of livestock mixed with water is applied directly to the main and catch kg N ha (86% dry m.)
Crops.

50 - 42 63
Semi-liquid manure slurry 50 128 (40) Nov. 48 72

50 128 (40)March 49 75

Manureslurry isa mixture of dung and urine, usually without straw, which undergoes
anacrobic fermentation. Dung, especially of ruminants, containsonly minoramounts 80 - 48 72
of degradable carbon compounds (Table 7) and therefore has a low C/N ratio of 7 L SDsv% 8
to 10; 50 to 60 % of the total N is in the form of ammonium which can be nitrified

o]
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Table 6. Nutrient content of solid and liquid manure,

manure dry m, % N(NH4*-N) P20s K20
kg tor kg m>
solid manure !
cattle 25 5 (05 2.5 6.5
pigs 23 6 (0.5) 4 5
poultry 70 35 (15) 35 25
liquid manure 2
cattle 2 2 (2 - 8
pigs 2 4 (4 1 3
Tiop1u!
2am® Ly

Table 7. Nutrient content of semi-liquid manure ("slurry™).

slurry vﬂ%a:mmo: drym.  N(NH4"-N} P20s K20
m” LU % _Am 3-@

dairy cows 20 75 4 (2 2 6

feeder cattle 20 7.5 4 (2) 2 3

pigs 15 75 & (4 S 3

_poultry 6 15 10 (7) 9 5

in the soil within a shott time (Amberger, 1984a, 1986a); even in September/October
the temperatures are high enough to increase environmental hazards, The remaining
amount of organic N enters into the nitrogen pool of the soil, Its initial availability
averages between 5 m:m 10 % (Ambergereral., 1982). 1 LU (cattle or pigs) supplies
as much as 15 to 20 m” slurry equivalent to 40 to 60 kg ammonium N (Amberger

1984a, 1986 a). In contrast to stable manure farms, slurry farms are independent om,
straw supply and acreage, and therefore animal intensity can be drastically increased.

Livestock intensities of mote than 2.5 1 i
. Sor3LUba™, however, may eive rise t i
environmental hazards. ' e osevere

Use of organic wastes as fertilizers 323

Which are these problems connected with slurry manuring ?

a) A great difficulty in slurry farming is not only the ¢xcess of nutrients but also
the limited time for a proper application.

Rates of mote than 50 m” cattle, 35 m” pig, or 20 m® chicken slurry ha! on arable
land inasingleapplication enhance soil degradability and also endanger soil fertility.
The amounts of manured slurry must be related to the nutrient demand of the
following crop. Application should be performed at a time when the nutrients,
particularly nitrogen, can be used immediately by a main, second or catch crop, that
is at seeding or at the beginning of growth. Slurry manuring during the growing stage
of a crop can also be recommended, even though a short, temporary deptession of
growth and some NH3 emissions may oceur.

b) Ammonia and odour emissions during and after spreading are a very large
problem associated with slurry manuring. According to our present knowledge,
about 90 % of ammonia emissions originate from livestock manuring on bare land
(Fig. 4). Altogether, about 20 kg potentially harmful NH3 per LU must be expected
(Iscrmann, 1986). Volatilization of NH3, if it is not immediately incorporated into

goseous 6
losses

denitrification

slurry
nitrogen

1os

org. bound
N (humus}

transiccation

leaching

groundwater

Fig. 4. Pathways of slurry nitrogen.
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Fig. 5. NHslosses after surface application of catlle (CS) and pig (PS) slurry on
stuble and straw (August) or compacted soil {November).

the soil, follows an approximately logarithmic curve with time and can reach values
of upto 80 % of the applicd ammonium-N (Rank and Amberger, 1987, Rank, 1988).
The main factors increasing volatilization are (Fig. 5): high temperatures, compacted
soil with stubble and straw or grassland, and a high dry matter content of sturry which
impairs the penctration into the soil (Amberger and Huber, 1988, Huber, 1989). On
the other hand, an immediate incorporation or injection into the soil, low tempera-
tures, or rainy weather, can minimize both N losses and odour. The proper mode of

application is therefore a very important factor, and immediate incotporation indis-
pensable (Fig. 6).

<) A further hazard is the leaching of pitrate and the resulting groundwater
pollution. Slurty manuring after cereal harvest is very common because the storage
capacity of the tanks is often exhausted around this time, and application onto the
stubble fields is easy. It has to be realized, however, that during September/October
soil temperatures are still high cnough to allow conversion of ammonia-N to nitrate
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Fig. 6. NHgzlosses from slurry as dependent on mode of application.

withih 2 or 3 weeks which consequently results in complete loss by leaching during
i Fig. 7). )
EMHMMAW umvwwomiﬂo measure to avoid this is to apply slurry to a following .monc:&
crop ot to combine it with straw and green manure. In both cases Hr.o shurry nitrogen
will be biologically immobilized at least till the middle of the mo:m.:swm year. If mmSM.w
however has to be spread on fallow Jand in late autumn or winter, z.ﬁ: .90. only
possiblity to avoid groundwater pollution is the addition of a :::mnmco:. 5?@."2
(Amberger, 1981, 1984 b, 1986 b, Gutser and Amberger, 1984). As the E?U:EM.
effect strongly depends on the temperature and o:.M y lasts for 2 to 4 months, m:nmva
is greater with later applications (Fig. 8; Smmso_mﬁmaa >B,anmoﬁ. 1987). Mmﬁco
*bivlogically blocked® nitrogen after straw manuring, the slarry Z oo.smnﬁr y
dicyandiamide is fully available to the subsequent crop. Even duting winter the ap-



326 A. Amberger

mg NOy-Nlipot M 4.0 fo e e 5 120
607 . . go o - 60
504 \b'...bflrbl J— s .
g AT ° P
[ \ -
L0 ;
; /
/ /
| ; a
30 / ;
.\ / hd
20 /! /!
S /
\\ \hw\ L)
104 \\\ 7 \
\\o D\\ —
Lpm “\\\n_. % X ¥ ¥ . Y A S
12 3 45 8 7 & 5 10 11 12 15
weeks

Fig. 7.  Nitrification of cattle slurry as dependent on temperature.

plication of slurry is justifiable on level fields in arcas with only minor frost.

d) On the other hand, slurry, even insmall amounts, must never be applied toslopes
or to frozen soils. Under those conditions, shurry cannot penetrate into the soils and
the hazard of surface runoff and erosion and thereby pollution of surface waters with
all its negative consequences for the aquatic life, is substantial.

CONCLUSIONS

The return of plant and animal wastes to the natural cycle by a proper agrotechnical
management is a necessity with regard to farm management and political econormics.

Plant residues applied in normal quantities create only minor problems and rarely
{¢.g. in monocultuse systems of on heavy soils) affect soil fertility and soil structure.
The same holds true for customary rates of animal wastes in form of stable and liquid
manure if they are used properly (amount, date). With an hi ghly intensive animal
production independent of acreage and straw supply, large amounts of animal slurry
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Fig. 8.

tich in nuttents are produced which can neither be applied at an mvwmommﬁo date
nor be completely utilized by the following crop. Thus, major ammonia and odour
emissions as well as pollution of ground water with nifrate may be Eo consequence.

Severe hazards always arise when the type of farm management is very intenstve
and one-sided, more so from exclusive livestock farming than from single crop
systems with cereals. These problems can and must be mo?wg. by an oawm_w
agricultural management with the goal to conserve or rather optimize soil fertility
and to minize environmental pollution.
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