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3. Sammenfatning
IX

Fordampning af ammoniak reducerer husdyrgødnings indhold af plantetilgængelig kvælstof. 

Ammoniakken tabes i stalden, fra lager, under udbringning, fra gødning der ligger på jorden og 

fra græssende dyr. Den fordampede ammoniak vil blive afsat som ammoniak eller ammonium, og 

kan derved medføre uønskede ændringer a f  kvælstofbegrænsede plantesamfund. I dette studie er 

faktorer a f  betydning for ammoniaktabet fra gyllebeholdere, under udbringning og fra udbragt 

gødning, blevet undersøgt.

Forskellige metoder til bestemmelse af ammoniaktabet fra handelsgødning og fra husdyrgødning 

er benyttet eller afprøvet. Størrelsen af ammoniaktabet kan som regel ikke bestemmes som 

forskellen i tilført og genfundet kvælstof eller udtrykt som merudbytter af tørstof eller indhøstet 

kvælstof. Ammoniaktab målt i et kammer kan ikke direkte relateres til tab i marken. Kammertek­

nikken kan derfor mest hensigtsmæssig anvendes under kontrollerede forhold i laboratoriet, i forsøg 

hvor ammoniaktabet ved forskellige behandlinger ønskes sammenlignet. M ålinger af ammoniaktabet 

fra gylle med vindtunneler har i markforsøg givet samme værdier som målinger med meteorologi­

ske metoder, når vindhastighed og nedbør i vindtunnelerne kontinuert justeres til samme niveauer 

som udenfor. Vindtunnelerne er meget anvendelige til undersøgelser i marken, hvor effekten af 

forskellige faktorer ønskes bestemt, og til at tilvejebringe data for modellering af ammoniaktabspro­

cessen. Til direkte målinger a f  ammoniaktabet fra udbragt gødning i markskala-forsøg, anses 

meteorologiske massebalance-metoder for at være mest velegnede. En ny metode baseret på passive 

flux målere har i en afprøvning vist sig at give korrekte tabsmålinger. Metoden viste sig enkel at 

anvende i et forsøg, hvor ammoniaktabet fra seks forsøgsfelter i en mark blev bestemt samtidig. 

Forsøgene er imidlertid areal krævende, og målingerne kan ikke gennemføres, hvis der i 

vindretningen er en ammoniakkilde inden for en afstand af 50-100 m.

Vindtunneler blev benyttet til måling af ammoniakfordampningen fra gylle lagret i pilot-skala 

gyllebeholdere (0,90 x  2,89 m), og fra gylle nedfældet direkte, nedharvet i jorden eller udbragt 

på jorden (0,5 x  2,0 m). Ammoniaktabet ved udspredning af gylle blev undersøgt i et enkelt forsøg 

og blev målt som differencen i ammoniumindholdet før og efter udbringning.

Fra gyllelagre med ugentlig omrøring var ammoniaktabet 3-5 g NH3-N n r2 dag'1. Om sommeren 

(16,9 °C) var ammoniaktabet 50% større end i en vinter-forårs periode (7,3°C), som følge af de
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højere temperaturer. Tilstedeværelse af et flydelag begrænsede ammoniaktabet med 80% i forhold 

til tabet fra gylle omrørt ugentligt. Et forsøg fra en vinterperiode viste, at et lag halm på 15 cm 

kunne erstatte flydelaget. Ekstra overdækning i form af leca sten, rapsolie, sphagnum, flydende 

plastfolie og et trælåg begrænsede ammoniaktabet væsentligt. Der er blevet udviklet en model til 

beregning af ammoniaktabet fra lagret gylle, og de beregnede tab er i overenstemmelse med tabene 

målt med vindtunneler.

Under udbringning af gylle, dvs. fra gyllen forlader gyllesprederen til det rammer jorden, er 

ammoniaktabet mindre end 4% af det udbragte ammonium i et forsøg med klapspredere.

Ammoniakfordampningen fra gylle udbragt på jordoverfladen påvirkes af klimaet, gyllens 

sammensætning, beskaffenhed afjordens overflade og tiden fra gyllen udspredes til den nedbringes

i jorden. I de første 6 timer efter udbringning steg ammoniaktabet eksponentielt med temperaturen, 

hvorefter tabet steg lineært med temperaturen. Ammoniaktabet øgedes med stigende vindhastighed 

indtil 2-3 m s 1. Ved vindhastigheder derover ændredes tabsraten ikke. Nedbør eller vanding 

reducerede ammoniaktabet fra overfladeudbragt husdyrgødning.

Ammoniaktabet øgedes med stigende tørstofindhold i gyllen samt ved stigende pH og alkalinitet. 

Det akkumulerede ammoniaktab efter 6 timer steg lineært med tørstofindholdet i gyllen; men derpå 

var forløbet kurvet. Hvis tabsraterne blev korrigeret for effekten a f  temperatur og pH, var tabet 

sigmoidalt relateret til tørstofindholdet. Dette resultat antyder, at ændringer i tørstofindholdet ved 

niveauer under 4% og over 12% er af mindre betydning for størrelsen a f  ammoniaktabet.

Efter nedfældning eller omhyggelig nedharvning var ammoniaktabet ringe. Hvis jorden blev 

harvet (til 10 cm dybde) før overfladeudbringning af gylle, blev ammoniaktabet begrænset med ca. 

50% i forhold til gylle udbragt på ubehandlet jord. Udlægning af gylle mellem rækker af afgrøder 

ved slangeslæbning kan begrænse ammoniaktabet fra gyllen, idet forflygtigelsen af ammoniak fra 

gyllen mindskes, og ammoniak optages af planterne.



4. Summary

XI

Volatilization losses o f  ammonia reduces the fertilizer value of animal manure for plant production. 

Ammonia losses related to livestock farming occur from animal houses, from manure storages, 

during spreading o f  manure, from surface applied manure and from grazing animals. Deposition 

of aerial ammonia and ammonium may cause undesired changes of oligotrofic ecosystems. The 

objective o f this study was to increase the knowledge of the factors, which influences the ammonia 

loss potential from  slurry during storage, spreading and from slurry applied in the field.

Techniques for measuring ammonia losses from slurry were tested and are discussed. It is 

concluded, that changes in the nitrogen content o f slurry and crop responses are not adequate for 

determination o f  ammonia loss from slurry stored or applied to the field. The use o f small 

enclosures should be used only for comparing relative ammonia loss rates between treatments, as 

losses cannot be related directly to losses in the field. The technique is best for measurements in 

the laboratory where the environment can be controlled. A wind tunnel system gave results similar 

to measurements in the open, if wind speed and precipitation in the tunnels were adjusted to the 

environment. The tunnels can be used under field conditions in studies o f the effect o f various 

treatments in replicate experiments. The systems have been shown to provide reliable data for 

modelling the process o f ammonia volatilization. The demand for big homogeneous areas with a 

uniform source strength restricts the applicability o f  the eddy correlation techniques, the gradient 

technique and the ZINST mass balance technique. A test o f a new passive flux sampler used in a 

mass balance method gave accurate determinations o f  the ammonia loss from a circular plot.

Wind tunnel systems were used for determining ammonia volatilization losses from stored slurry 

and from slurry applied in the field. Ammonia loss during spreading was determined by the change 

in nitrogen content o f the slurry.

From slurry storages which were stirred weekly, average ammonia losses were 3-5 g NH3-N n r2 

d '1. The losses during summer (16.9°C) were 50% higher than during winter-spring (7.3°C) due to 

higher temperatures. Surface crustings reduced ammonia losses by 80% compared to the losses 

from slurry stirred weekly. One experiment showed that a layer o f chopped straw (15 cm) could 

replace a surface crusting layer. Ammonia losses from slurry covered by rape oil, leca pebbles, 

sphagnum peat, floating foil or a wooden lid were less than 60% o f the loss from stirred slurry.
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A model for predicting ammonia loss from stored slurry was developed. The model predictions 

agreed with ammonia loss values from uncovered slurry determined with wind tunnels.

During application o f slurry with conventional spreaders ammonia losses were less than 4%  o f 

the ammonium content.

Ammonia loss from surface applied slurry is influenced by climate, slurry composition, soil 

conditions and time from application until incorporation of the slurry. Ammonia losses w ere 

exponentially related to air temperature during the first 6 hours. Subsequent loss rates were linearly 

related to temperature. Ammonia losses increased with wind speed up to 2-3 m s'1. At higher wind 

speeds, loss rates were not influenced by change in wind speed. Rain or irrigation reduced 

ammonia losses from surface applied slurry.

Ammonia losses increased with increasing slurry dry matter content and pH. The accumulated 

ammonia loss after six hours was linear related to slurry dry matter content, but in following 

periods the relation was curved. After adjusting the results for tem perature and pH effects the 

relationship was sigmoidal. Changes in slurry dry matter content, therefore, had little effect on 

ammonia loss, when the dry matter content was higher than 12% or low er than 4%.

Little ammonia was lost from slurry injected directly into the soil, and from slurry incorporated 

into the soil. Cultivation before application o f slurry onto the soil reduced ammonia losses 

compared to an unharrowed soil by 50% . Ammonia loss from slurry applied to a crop may be 

reduced by application on the soil between rows of the crop. The reduction is caused by a reduced 

transfer o f ammonia from the slurry to the atmosphere and absorption o f  ammonia by the plant 

leaves.
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5. Nomenclature

Symbol Definition Units

K„

Kn

NH„

n h 3s

TAN

NH3I

n h 4+

J

D

K(v)

R.

Rh

Henrys constant 

The equilibrium constant of 

NH4+ and NH 3 

Vertical flux of ammonia 

Concentration o f gaseous ammonia in 

equilibrium with the concentration of 

NH3, in the slurry solution 

Ammonia concentration in the 

immediate atmosphere 

Concentration o f total ammoniacal 

nitrogen [ N H /]  +  [NH3]

Concentration o f ammonia in solution 

Concentration o f  ammonium in solution 

Diffusive transport o f TAN in the 

slurry

Diffusion coefficient o f TAN 

Transfer coefficent for ammonia 

volatilization

Resistance o f the turbulent layer above 

the slurry

Resistance o f  the laminar layer between 

the surface o f the slurry and the 

turbulent layer

The height o f the internal boundary 

layer

atm kg mol'1 

mol I'1

atmosphere

atmosphere

mol l '1

mol I'1 

mol I'1 

mol cm2 s'1

cm2 s '1

mol NH3-N m s '1 

s n r 1 

s n r1

cm



Symbol Definition

XIV

Units

z„ Roughness length

z0 Roughness length

k von Karmans constant

v. Roughness speed

v(z) Mean wind speed at different heights

above the slurry 

T Air temperature

z Distance from the surface of the slurry,

zero is the surface of the slurry, 

negative is downward and positive is 

upwards.

X The distance downwind from the edge of

the slurry treated area or the slurry 

tank

cm

cm

k = 0 .4  

m s'1 

m s'1

°K

cm

cm



6. Introduction

1

In Denmark about 60% o f the nitrogen excreted from housed cattle and pigs is collected and 

transported in form o f slurry, equivalent to a yearly production o f 180.000 ton N (Kofoed and 

Hansen, 1990). M ore than half the nitrogen is ammonium-N which is readily available to plants. 

Ammonia volatilization, therefore, reduces the value of slurry for plant production.

In Denmark and in Europe, emission of ammonia from animal manures represents the most 

important source o f  atmospheric ammonia (Buijsman et a l. 1987). The deposition of ammonia may 

be detrimental to nitrogen limited ecosystems (Roelofs, 1986). In Denmark the use o f animal 

manure, therefore, has been regulated by law.

Ammonia volatilization losses related to livestock farming occur from animal houses, manure 

storages, applied m anure and from grazing animals. As stated by Jarvis and Pain (1990), there are 

few dependable measurements o f ammonia loss from stored manure. From applied slurry it has 

been shown that am monia volatilization is related to the general weather conditions, slurry 

composition, soil characteristics and method o f application (Brunke et al. 1988; Pain et a l. 1989; 

Döhler 1991; H orlacher and M arschner 1990; Thompson et a l. 1990). Experiments under different 

environmental regim es, and differences in the origin and chemical composition of the slurries 

employed have given a qualitative understanding of the factors influencing ammonia loss. However, 

the limited number o f experiments have not allowed a general quantitative relationships to be 

established between am monia loss rates and the various variables influencing ammonia losses.

6.1 Objective of th e  study

- To increase the understanding o f the factors influencing ammonia loss from stored and surface 

applied animal slurry.

- To evaluate different techniques for determining ammonia losses from confined areas.

- To obtain quantitative relationship between the rate o f ammonia loss (F) and the intensity of 

various factors affecting ammonium concentrations, eg. pH and dry matter content of the slurry.



6.2. Processes of volatilization used in the development of a model

The main source of ammonium in slurry is urine which contains m ore than 60% of the excreted 

nitrogen from pigs and cattle (Koefoed and Hansen, 1990). In urine about 70% of the nitrogen is 

in urea (Muck and Richards, 1983; Jarvis et al. 1989). Ammonium and carbonate are produced 

during the hydrolyses o f urea by the enzyme urease:

C 0(N H 2)2 +  2H20 = 2 N H 4+ +  C 0 3-

Urease is released from living and disintegrating microbial cells and is found in a wide range o f 

environments including soil and the floors of animal houses. Due to high temperatures and the 

moist substrate, this reaction will be rapid in slurry produced in animal houses. Only little o f  the 

excreted urea therefore is left in stored slurry, and the conversion o f urea is not included in the 

model for describing the ammonia loss from slurry storages.

Ammonia volatilization from a liquid surface such as recently stirred slurry can be considered to 

be the transfer o f ammonia from the liquid surface of the slurry to the immediate atmosphere. The 

rate of ammonia loss is given by:

F=K (v)(N H 3 g - NH3 J  (1)

K(v) depends mainly on wind speed, surface roughness and tem perature (Rachpal-Singh and Nye, 

1986a).

The concentration of atmospheric ammonia in equilibrium with a solution will be proportional to 

the concentration of NH3I in solution. The relationship between the different ammoniacal species 

in solution is as follows:

(NH3)g

It kh

2

(NH4+) +  H20  —  ( N H j ) i +  H30



The concentration o f  NH3 at equilibrium can be calculated by the equations:

3

[TAN] =  [NH3J +  [NH4+] (2)

[ N H /]  =  [NH3J[H 30 +]/K n (3)

[NH3I1 =  [TAN]/(1 +  [H30 +]/Kn) (4)

The atmospheric ammonia concentrations in equilibrium with the concentrations o f TAN in the 

surface of the slurry can be calculated by the H enry’s Law equation:

NH3,g= K „[N H 3]] (5)

Combining 1, 4 and 5 gives the equation:

F=K (v)(K „([TA N ]/(l +  [H30 +]/Kn)) - NH3,J  (6)

Volatilization o f am monia from the surface o f the slurry reduces the concentrations o f TAN in the 

surface layers. F or the volatilization process to continue, TAN must be transported to the surface 

layer. Depletion o f  TAN will cause a decrease in concentrations toward the top layer, and TAN 

will diffuse to the surface. This transport can be described by F ick’s law:

J =  -D d[TA N ]/dz (7)

It is assumed the slurry is not stirred, and that turbulent transfer caused by wind or temperature 

gradients in the slurry may be neglected due to the viscosity and dry matter content o f most 

slurries.

The transfer coefficient K(v) used in equation (1) may be calculateded by the equations (Molen 

et al. 1990):

2



4

K (v)=  1 /(R .+ R b) (8)

R, =  ln (/ z0 ‘) k '1 v .'1 (9)

v. =  v(z) k (ln(z z,,1)) '1 (10)

/(ln(//z0)-l)=k2 X (11)

Rb is the resistance o f the laminar layer dependent on slurry surface roughness and v.. The 

relation between Rb, surface roughness and v. is not known, and has to be estimated from am m onia 

loss measurements.

The temperature dependent equilibrium constant (KN) and Henry Law constant (K,J can be cal­

culated by the equations (Beutier and Renon, 1978):

lnKN=-177.95292-1843.22/T+31.43351n(T)-0.0544943T (12) 

lnKH =  160.559-8621.06/T-25.67671n(T)+0.035388T (13)



7. Techniques for measuring ammonia volatilization losses

Ammonia losses may be determined indirectly from the crop response to nitrogen in applied 

manure, or as the difference in ammonium content added and the recovery of inorganic nitrogen 

in the soil. The direct methods o f determining ammonia losses from slurry are based on changes 

in atmospheric am m onia concentration in enclosures placed over the treated surface, o r on 

micrometeorological techniques in which the volatilization is determined in the free air above the 

surface.

7 .1 . Indirect m easurem ents

Ammonia volatilization from slurry added to the soil and determined by indirect techniques will 

be influenced by leaching, denitrification, mineral fixation o f ammonia and mineralization/immobili­

zation processes. Estimating ammonia volatilization from crop responses (dry matter yield or plant 

uptake of nitrogen) to the field applied manure do not discriminate between these processes. 

Ammonia loss estimated from cropping methods will depend on the crop response to the added 

nitrogen (the crop/nitrogen response curve). If  the yield is at the maximum o f the crop response 

curve, there will be no significant increase in crop production due to the applied nitrogen, and the 

ammonia volatilization is overestimated. Christensen (1986) found that the ammonia loss 

determined with indirect methods tends to be twice as high as losses found by direct methods. 

Using the nitrogen uptake, additional errors arise due to variations in uptake o f  nitrogen induced 

by climate or infection of the crop, and to the exchange of nitrogen between the atmosphere and 

the crop (Farquhar et a l. 1980). Introducing l5N will not reduce the errors as the assimilated 1SN 

will take part in the exchange processes (Schjørring et al. 1989). Therefore recovery o f nitrogen 

in the harvested crop only broadly reflect differences in the gaseous loss measured with wind 

tunnels (Larsen et a l. 1992; Thompson et al. 1987).

Nömmik (1966) studied ammonia volatilization from nitrogen fertilizers by the N-recovery 

technique. To reduce leaching, the experiments were carried out in periods with no precipitation, 

and in dry soils to avoid denitrification. Furthermore, the soil had a low ammonium fixing capacity
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and the experimental periods were kept short to reduce effects o f fertilizer nitrogen on net- 

mineralization.

The precaution needed for this technique, however, limits its use for estimating am monia 

volatilization from surface applied slurry, as the soil will be moistened and inorganic nitrogen, 

therefore, exposed to denitrification (Thompson and Pain, 1988; M olen e t al. 1988). M olen e t al. 

(1988) established a mass balance for nitrogen applied to the soil surface in urine, using 

micrometerorological measurements and the nitrogen recovery technique. Between 10-30 % o f the 

nitrogen added was not accounted for. The authors suggested that this was due to denitrification, 

as all nitrogen added was recovered when nitrification inhibitors w ere added.

The nitrogen recovery approach was used in a study of am m onia absorption by leaves after 

application o f slurry on the soil between the rows of winter wheat (V II). 15N enriched ammonium 

was added to the slurry. Immobilization, mineralization and denitrification processes were inhibited 

by mixing mercury chloride into the slurry. To improve the calculation o f  the nitrogen balance, the 

slurry was applied to nitrogen-free sand. From this system, am m onia loss was higher than the 

losses determined with direct methods in the field. The higher losses were ascribed to the low 

CEC of the sand and the absence of nitrification which reduces am m onia losses.

Recovery of TAN in stored slurry cannot be used for determination o f  the ammonia loss, because 

ammonia is formed by net-mineralization of nitrogen during the experiments (Bode, 1991). T he loss 

of ammonia is small compared to the total-N content in the slurry. Differences in total-N, therefore, 

may give erroneous estimates o f ammonia loss due to sampling variability. Inhomogenity o f  total-N 

is great in stored slurry, as the organic nitrogen precipitates or floats to the surface.

Ammonia loss during application (i.e. from the slurry leaves the spreader and until it hits the 

ground) was measured by determining the difference in content o f ammonium (V ill). T he slurry 

in the slurry tanker was stirred to eliminate variations in TAN content o f the samples related to 

inhomogenity. In this experiment the experimental period was short, and microbial processes, 

therefore, o f minor importance.

6



7.2. Direct measurements

7

7.2.1. Enclosures

Enclosures used in the field have been made of cylinders with a lid on the top, and an inlet and 

outlet at the top for air to pass over the experimental plot (Ferguson et al. 1988; Kissel et al. 

1977). Ammonia loss was measured by collecting the gaseous ammonia in acid. The air may be 

drawn through the enclosure continuously, the enclosures being permanently closed (Sherlock and 

Goh, 1984). In the system of Kissel et al. (1977) the enclosures were periodically closed with the 

lid, and air was only drawn through the enclosure during closure.

Ammonia losses measured with enclosures increase with the air flow up to 15 volume 

changes/minutes (Kissel e t al., 1977; Ferm 1986). At higher flow rates, ammonia loss was not 

significantly influenced by change in air flow rate (Kissel et al. 1977). H off et al. (1981) proposed 

that change in aerodynamics caused 41 % of lost ammonia from slurry applied on a plastic foil not 

being accounted for by the determination with enclosures only closed during measurements. The 

direct measurements were compared to the loss determined by the N-recovery technique, but the 

difference could not be ascribed to denitrification or immobilization. When determined with an 

enclosure, ammonia loss from urea spread upon soil covered by a 3 cm layer o f chopped wheat 

straw, was much lower than determined by a micrometerological method (Ferguson et al. 1988). 

The straw seemed to have directed the air flow over the surface o f the wheat straw, by that 

increasing the diffusion resistance. If windspeed is high and the roughness of the surface low, the 

accumulated loss from a treated plot determined with an enclosure will be similar to direct measure­

ments in the open. This was shown by determining ammonia loss from urea broadcasted to a 

pasture (grass height 1 cm) with a permanent closed enclosure (air change 17 volume m inute1), 

compared to simultaneous measurements with an aerodynamic technique. During the experiments, 

the wind speed was high and there was no rain (Black e t al. 1985).

The most appropriate use of the enclosure technique is determinations o f the ammonia loss 

potential from animal manure or fertilizers applied to an uncovered soil in the laboratory (Döhler, 

1991; Whitehead and Raistrick, 1990). The air exchange should be 17 volumes minute"1 or more. 

The enclosures change the air temperature with less than 2°C at this flow rate (Sherlock and Goh, 

1984).
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A

Figure 1. Cross section o f  a wind tunnel unit. Dimensions are given in cm (XI). A, motor; B, air 

sampling points; C, fa n ; D, Steel-net; E, steel duct; F, vane anemometer head; G, temperature 

sensor; H, steel funnel; I, tunnel o f  polycarbonate; J, metal fram e; K, spade-edge.

7.2.2. W ind tunnels

A system o f portable wind tunnels (Fig. 1) has been designed to allow measurements o f ammonia 

volatilization in the field without inducing marked changes in the microclimate (Lockyer, 1984; 

IX). The loss o f  ammonia from the plot is calculated by the product o f  air flow and the difference 

in ammonia concentration o f air entering and leaving the tunnels.

Wind speed within the tunnels is controllable, and a test showed that air temperatures inside the 

tunnel generally are less than 1 °C lower than ambient air temperatures (2 m height) and soil 

temperatures outside tend to be 1.9°C higher than inside (V; Ryden and Lockyer, 1985). Compared 

to the micrometeorological mass balance method, similar ammonia losses were determined with 

wind tunnels, provided the wind speeds in the tunnels were adjusted to ambient wind speeds 0.25 

m above the ground (Ryden and Lockyer, 1985). Wind tunnels may, therefore, be used for 

estimating the effect o f  wind speed on ammonia volatilization from surface applied cattle slurry (V; 

Thompson et al. 1990). Due to turbulence, the wind tunnels could not be used for estimating the 

reduction in ammonia volatilization when slurry was applied on the soil in a tall crop (X).

The coefficient o f variation in ammonia loss between wind tunnels with similar treatment was less 

than 25%. There were no significant differences in ammonia losses determined in two trials with 

similar treatments and climate (Fig. 2). This gives an opportunity for comparing experiments



epeated during different periods, examining the effect o f climate or comparing the effect o f 

treatments, slurry composition etc. by more measurements during the same period.

In the studies IV -V I and IX-XII, wind tunnel systems were used to study the effect o f climate 

and slurry composition factors on ammonia loss from surface applied animal manure and stored 

slurry. Ammonia loss was measured from the soil plots o f 50 x  200 cm and from pilot slurry tanks 

of 90 X  289 cm.

7.2.3. M icrometeorological methods

The micrometeorological methods may be divided into three categories, eddy correlation methods, 

gradient diffusion methods and atmospheric mass balance methods (Denmead, 1983).

9

2<X

Days from start of experiment

Fig. 2. Cumulative ammonia loss as percentage o f  TAN (Ammonium +  ammonia) in surface applied 

slurry determined with three wind tunnels. Both experiments were carried out in December 1986 

during periods with near similar climatic conditions (V).

With the Eddy correlation technique ammonia loss is determined by simultaneously measuring the 

vertical wind speed and ammonia concentration during short time intervals. The gradient diffusion 

technique requires measurement of mean gas concentrations at different heights above the surface 

and knowledge o f  the appropriate eddy diffusion coefficient. The eddy diffusion coefficient is



calculated either from wind speed and temperature (Aerodynamic method) or temperature and air 

humidity (energy balance method), at different heights above the surface. These techniques can only 

be used in situations where the air has transversed a field with homogeneous ammonia source 

strength and uniform surroundings, as horizontal concentration gradients must be negligible. The 

experimental area has to be large (several ha). Therefore the methods are not widely used for 

determination o f ammonia loss from areas treated with ammonium fertilizer or manure.

Mass balance techniques have been used for measuring ammonia volatilization from smaller land 

areas treated with sewage sludge, pig or cattle slurry or grazed areas (Beauchamp et al. 1978; 

Denmead et al. 1982; Ryden and McNeill, 1984; Pain et a l. 1989; Bless et al. 1991). The 

ammonia volatilization is calculated from the difference in the horizontal flux of gaseous am m onia 

through hypothetical vertical planes windward and leeward o f a treated experimental area.

The profile o f the ammonia flux is often calculated from determination o f ammonia by gas traps 

and o f wind speed by cup anemometers at five or more heights. The method is most simply applied 

when circular plots are used with the leeward sampling position at its centre. By that the distance 

between the leeward and windward sampling position (ie the fetch) is constant despite changing 

wind direction (Denmead, 1983). The method is usefull for agricultural studies because it only 

needs small experimental areas and due to the simplicity of the method.

F or circular plots located in large and uniform areas, the am m onia flux profiles have a 

theoretically predictable shape determined by surface roughness, plot geometry and atmosphere 

stability (Wilson et al. 1982; M clnnes et a l. 1985). Wilson et a l. (1982) predicted a height 

(ZINST), at which the ratio o f the horizontal to the vertical flux (u X c/F) has almost the same 

value in all atmospheric stability regimes. The ratio u Xc/F may be calculated knowing surface 

roughness, plot geometry and atmospheric stability, and the vertical flux of ammonia can be 

calculated from determinations o f the horizontal flux u Xc. Determination o f  ammonia volatilization 

from circular plots 20 or 50 m in radius by the ZINST method, agreed satisfactorily with estimates 

based on a mass balance which employed ammonia fluxes determined in five or more heights 

(Wilson et al. 1983; Pain et al. 1989). The labour needed for the measurements of the horizontal 

flux o f ammonia can be reduced by using a rotating passive flux sam pler (Leuning et a l. 1985; 

Sherlock et al. 1989). The ZINST method has been used measuring am m onia losses from a circular
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experimental area with a radius of 3.5 m (fetch), and determination of ammonia fluxes 12.5 cm 

above the surface (Gordon et a l., 1988).

Knowing the mean air temperature and wind speed at a reference height z and surface 

temperature, u x c /F  can be calculated as the function o f the fetch (Mclnnes e t a l. 1985). The fetch 

and the reference height may, therefore, be varied, and the vertical flux o f ammonia can be 

determined at a reference height where the coefficient o f variation of the measurements are small. 

A test showed (Mcinnes et a l., 1985) this method to agree better with the mass balance technique 

where the flux was measured at 5 heights, than the method o f Wilson et a l. (1982), because the 

concentration of am m onia may be low at the height ZINST. The techniques do not account for the 

horizontal flux in the plant canopy, and the methods cannot be used in studies o f ammonia loss 

from slurry applied to a tall crop.

A new mass balance technique was developed (I). This method does not make extensive demands 

to the surrounding area, climatic variables have not to be measured and no electricity is needed. 

The ammonia flux is determined with passive flux samplers, each made o f two glass tubes 

connected in series. The inner surface of the tubes is coated with oxalic acid which absorbs the 

ammonia in the air flowing through the tubes. The passive flux samplers are mounted at four 

heights on four masts. The masts are placed at right angles to each other on the periphery o f a 

circular experimental plot. At each mast, the flux of ammonia into and out o f the experimental plot 

is measured. The vertical flux of ammonia from the plot is calculated as the difference in the flux 

o f ammonia into and out o f the plot, measured at the four masts. The vertical flux per square meter 

is calculated, by dividing the horizontal flux by the diameter (fetch, m) o f the experimental plot.

The vertical flux from the circular plot determined with passive absorbers was in good agreement 

with the determination based on gas traps and wind speed measurements (Fig. 3).

The passive flux samplers were used in a study of ammonia loss from slurry applied to plots o f 

15 X 15 m in a winter wheat field (Sommer and Pedersen, unpublished). The slurry was applied 

onto the crop with splash plates, injected into the soil or applied with trail hoses on the soil between 

the rows of the crop. Six experiments were carried out during the same period. The method 

performed very well on these relatively small plots placed with a distance o f 40 m between plots,

11
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Fig. 3. Relationship between vertical flu x  densities o f  NH3 fag NH3-N  m'2 s'1) measured by a 

micrometeorological method with a new type o f  passive flu x  sam pler and a conventional 

micrometeorological method (reference method) (I).

and about 30 m to the nearest building or hedge. It is therefore suggested, that this method provides 

a research tool able to com pare the effects o f differences in slurry composition and different 

application techniques. The experiments may be carried out in the same field and in the same 

period, excluding the effect o f  differences in soil conditions and climate.

In the experiment three o f the flux samplers were mounted above the canopy and one flux sampler 

5 cm below the top o f the canopy (Sommer and Pedersen, unpublished). Within the crop canopy, 

about 10% o f the total horizontal flux from the plot was measured, assuming that the am monia flux 

measured 5 cm below the top o f the wheat represents the flux gradient within the crop (see 

Denmead et al. 1982). Consequently the horizontal flux profile within the canopy must be determ i­

ned, if  ammonia loss from slurry applied to a tall crop ( > 2 0  cm) is examined by a mass balance 

technique.



8. Factors influencing ammonia losses

13

Ammonia loss during storage and from surface applied slurry will partly be influenced by similar 

factors, i.e., climate, dry matter content and pH o f the slurry. Due to the different environments, 

the factors may act different. The process of ammonia volatilization from stored slurry is not 

significantly influenced by the material o f the storage tank, whereas the loss from surface applied 

slurry is influenced by the soil. The ammonia loss may, therefore, be related to the same factors, 

but the influence o f  the factors must be dealt with separately.

8 .1 . C oncentration o f TAN

8.1.1. Concentration gradient in stored slurry

Wind tunnel measurements o f the ammonia loss from a weekly stirred slurry showed that losses 

increased two to three fold after stirring (VI). Mixing of the slurry increased the TAN 

concentrations in the surface layers, causing the transfer o f ammonia to the atmosphere to increase. 

One to two days after stirring the loss rates declined, as concentrations o f TAN in the surface 

layers declined. T he reduction o f TAN in the surface is supposed to be caused by the slow diffusive 

transport of TAN from the layers below, which cannot replace ammonia lost by volatilization, and 

a curvated decline in TA N  concentrations towards the surface of the slurry is created. This gradient 

has been measured in the pilot slurry storages (Olesen and Sommer, not published), and is depicted 

by a model describing the diffusion of TAN during ammonia volatilization (Muck and Steenhuis,

1982).

8.1.2. The ammonia f lu x  related to the content o f  TAN in surface applied slurry

In the experiments IV , V, X and XI, the amount o f slurry applied was generally 3 1 m'2. The 

accumulated loss o f  ammonia during the experiment was expressed as percentage o f TAN added 

in the slurry, and the loss during a period was expressed as percentage o f TAN remaining in the 

slurry at the beginning o f the period. This transformation enables comparison o f accumulated 

ammonia losses from slurries with different contents o f TAN, because of the linear relation between



ammonia loss and concentration of TAN (Equation (6); Brunke et al. 1988). The transformation 

will give an opportunity to relate the determined ammonia losses to factors such as clim ate, 

differences in compositions of slurry and soil conditions (IV; V; Beauchamp et al. (1978)).

In most experiments ammonia loss rates were high the first 24 hours after surface application, 

thereafter the losses decreased (Fig. 2). This pattern is due to the reduction in the content o f 

applied TAN caused by ammonia volatilization, but also to changes in slurry acidity and infiltration 

o f slurry into the soil (Lauer et al. 1976; Beauchamp et al. 1982). In most experiments m ore than 

half the total ammonia loss during a 6-day period occured within the first day (IV,V, IX-XII), a 

pattern demonstrated in several other studies (Thompson et al. 1987; Pain et al. 1989).

8.2. Acidity in the slurry

8.2.1. Changes in p H  in the stored slurry

Initially it was assumed that pH in the surface of newly stored slurry would be modified, mainly 

due to transport and loss o f the acidic ammonium ion and the basic bicarbonate (Fig. 4). Sim ilar 

processes have been described by a model o f ammonia volatilization from urea applied on the soil 

(Rachpal-Singh and Nye, 1986ab). The model predicted, and an experim ent showed, that in this 

system pH declined 1-1.5 units at the soil surface. The decrease in pH  in the soil surface w as due 

to a faster diffusive transport to the surface of TAN compared to carbonate species, and thereby 

a greater volatilization of ammonia. Loss o f ammonia decreases pH, while the loss of carbondioxide 

increases pH.

In stored slurry the system differs from the one described by Rachpal-Singh and Nye (1986ab). 

In recent produced slurry pH will rise as urea is hydrolysed to am monia and carbonate ions. I f  the 

buffer system only consisted of TAN and carbondioxide pH would be 9 .3  after hyrolyzes o f  the 

urea. In slurry organic acids modify pH to between 7 and 8, and TA N  and carbondioxide are 

mainly ammonium and bicarbonate. In a soil with recently hydrolysed urea, pH is about 9 , and 

TAN and carbondioxide are mainly ammonia and carbonate.

These processes have to be examined. In this study, therefore, pH  in the surface o f stored pig 

slurry was determined in a wind tunnel experiment, carried out to provide data for the development 

o f a model. Immediately after stirring, bulk pH in one m depth was 6 .9 -7 .0  and four days later pH

14



Table 1. Initial bulk p H  after stirring o f  the slurry and surface p H  o f  slurry during the experiment 

(Sommer and Olesen, not published). Immediately after the slurry was stirred p H  was measured in 

samples from 0.75 m depth. A fter that pH  was determined at the slurry surface with a fla t glass 

membrane electrode.

15

Wind speed 

m s'1

Days from stirring of the slurry 

0 3 8 10

pH

8.7 6.9 7.7 7.3 7.3

5.3 7.0 8.0 7.8 7.9

2.2 6.9 7.7 7.4 7.7

in the surface was 0 .4  to 1.0 units higher (Table 1). The high surface pH was probably due to a 

greater loss of carbondioxide than of ammonia after stirring. Surface pH did not decrease from day

4 to day 10, indicating that ammonia volatilization did not cause an increase in the acidity o f the 

surface layers. This may be due to a greater loss o f carbondioxide compared to ammonia, or to 

aerobic digestion o f fatty acids in the slurry surface, a process which also will increase pH 

(Georgacakis ct al. 1982; Husted et al. 1991)).

8.2.2. Ammonia loss related to pH  o f  applied slurry

Accumulated ammonia loss during 6 day periods increased with the initial bulk pH in the surface 

applied pig slurries (X). Interaction of dry matter content o f the slurry and air temperature 

weakened the relationship, and the ammonia flux could not be related to initial differences in 

ammonia/ammonium ratios induced by proton activity. This may be due to buffering of pH by 

volatile organic acids, the bicarbonate system and ammonium (Husted et al. 1991). Husted et al. 

(1991) showed that a slurry with a high bulk pH may have a low total alkalinity, and losses o f 

small amounts o f am monia vill reduce pH, while a slurry with a lower bulk pH may have a high
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Slurry storage
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Fl g. 4. Description o f  proton and hydroxylic ion producing processes during volatilization o f  

ammonia and carbondioxide from  a slurry tank.

total alkalinity, and loss o f ammonia does not change the acidity significantly. This could explain 

why the accumulated ammonia loss during 6 days in some experiments was higher from slurries 

with a low bulk pH than a high bulk pH (X). Anaerobic digestion o f  slurry increased pH , but 

ammonia loss values were similar from surface applied anaerobic digested and raw slurry (XII; 

Pain et al. 1990). This may be due to an unchanged alkalinity o f the slurry.

Immediately following application o f a pig slurry, pH in the surface increased to 8.4 from  an 

initial bulk pH o f 7 .6 in the stored slurry (V). The increase was due to a greater loss o f carbon­

dioxide than of ammonia, because water solubility o f carbondioxide is lower than that of 

ammonium. Within 3-4 days, pH declined to 7.4 as ammonia volatilization produced protons in the 

surface. The initial high pH could explain the high ammonia loss rate during the first day after 

application (Fig. 2). Subsequently the acidification of the slurry has influenced the reduction in 

ammonia loss rate.
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Lid PVC-Foil Peat Leca Rapooil Straw Surface Weekly
crust stirring

I  December 1989-June 1990 [|] September-December 1990
I I July-Septcmber 1990 !$$ February-June 1991

Fig. 5. Mean daily ammonia loss rales from  stored cattle (Dec. 1989-Sep. 1990) and p ig  slurry 

(Sep. 1990-Jun. 1991) with eight different surface coverings. * No form ation o f  surface crust. 

Ammonia losses were measured with wind tunnels on slurry tanks (0.90 m  x  2.89  m). Mean air 

temperatures during the experiments were: Dec. 1989-Jun. 1990, 7°C; Ju l.- Sep. 1 9 9 0 ,17°C; Sep.- 

Dec. 1990, 7°C; Feb.-Jun. 1991, 6°C .

8.3. Structure m aterial in the slurry

8.3.1. Effect o f  surface crusting on am m onia loss fro m  stored slurry

Ammonia loss from a slurry with a surface crust was less than 20% of the losses from a weekly 

stirred slurry (VI). The surface crust created a stagnant air layer above the liquid slurry and 

increased the surface roughness. Thereby the surface resistance increased and the transfer 

coefficient (K(v) decreased, (Equation 8). Ammonia loss rate from a cattle slurry with no surface 

crust was similar to the loss rates from a stirred slurry (Fig. 5). The great loss o f ammonia from 

unstirred slurry with little dry matter content may be due to a low viscosity and an increase in



natural convection of the slurry. Furthermore the transfer coefficient is higher above a rough 

surface with surface crust than above a liquid surface. In Dutch wind tunnel experiments sim ilar 

ammonia losses from stored cattle slurry were determined (Bode 1991). In the present study (VI) 

ammonia losses from stored pig slurry were lower than in the Dutch, probably due to the 

development o f a surface crust, which did not appear in the study o f Bode (1991).

8.3 .2 . Effect o f  dry m atter content on loss o f  ammonia from  surface applied slurry 

Ammonia loss rates from surface applied cattle slurry adjusted to different dry matter contents w ere 

related to the content o f dry matter (Fig. 6). The ammonia loss from 0 to 6 h was linearly related 

to dry matter content, while the relationship during following periods was nonlinear. A low er dry 

matter content in the slurry may cause an increased infiltration into the soil. Sorption to soil 

colloids reduces the concentration o f ammonium in the solution, and the transfer of ammonia from 

the liquid in the soil to the atmosphere is reduced. In addition the transport o f gaseous am m onia 

is reduced in soil.

When the effect o f pH and temperature was eliminated from the am m onia loss data, the loss of 

ammonia during the periods 0-6 h, 6-12 h, 12-24 h and 24-144 h tended to be sigmoidally related 

to dry matter content. This shows that at low ( <  4%) and high contents ( >  12%) of dry m atter, 

small changes in dry matter have a limited influence on ammonia loss. Probably little liquid 

remains on the soil at dry matter content lower than 4% and little liquid infiltrates the soil a t dry 

matter content higher than 12%.

Higher loss values were determined from cattle slurry than from adjusted slurry with sim ilar dry 

matter content (XII). Visually it appeared that the cattle slurry had a higher viscosity than the 

adjusted slurry, the high viscosity may have contributed to a smaller infiltration compared to the 

adjusted slurry. Soluble carbohydrates, proteins and fatty acids contribute to the viscosity o f  the 

slurry, but may not be related to the dry matter content. Therefore viscosity may be an additional 

factor in the ammonia loss process.

In winter experiments, high losses were determined from the fibrous fraction (20% DM) but not 

from the liquid fraction (1 % DM) o f mechanical separated pig slurry. This indicates that dry m atter 

content and thus infiltration interact with temperature (XII).
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Slurry dry matter content, %

Fig. 6. Accumulated ammonia loss in percent o f  TAN in applied cattle slurry related to slurry dry 

matter content fo r  fo u r  time periods (IV). The ammonia loss was measured with wind tunnels (0.5 

X  2 m). Slurry dry matter content was adjusted by mixing the fibrous and liqued fraction o f  

mechanical separated cattle slurry. Mean air temperatures were from  0.5 to 19.6°C.
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W in d  s p e e d  [m s“ l ]

Fig. 7. Predicted (solid line) and measured (points) ammonia loss from  stored pig slurry at different 

wind speeds. The slurry was stirred initially. Ammonia loss was determined with wind tunnels on 

pilot slurry tanks (0,9  x  2,89 m), mean air temperature was 3°C. The laminar resistance was 

assumed to be Rb= 20 s m '1. (Olesen og Sommer, unpublished).



8.4. Climate
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8.4.1. The effect o f  w ind speed and air temperalure on am m onia loss fro m  stored slurry

By increasing wind speeds the boundary resistance at the surface o f stored slurry will be reduced 

(Equation (9)-(12)), and the transfer of ammonia from the slurry to the atmosphere increases. At 

high wind speeds transfer o f ammonia through the boundary layers to the atmosphere will be faster 

than the rate of diffusive transport o f TAN to the surface layers, and the slow diffusive transport 

o f TAN will limit the rate o f ammonia volatilization. The flux of ammonia from stored pig slurry, 

therefore, showed a curvated relationship with increasing wind speed in the periods 0-4.5 h, 4.5- 

12.5 h and 21.5-27.5 h after an initial stirring (Fig. 7).

From stored cattle slurry, ammonia loss at mean air temperatures o f 17°C was 50% higher than 

at 7°C. During the day the slurry was stirred, ammonia loss was related to air temperature (VI). 

On the day of stirring, TAN concentrations in the surface only varied a little during the 

experimental period, and there was little interaction from differences in TAN concentrations and 

development o f surface crust.

Days from start of experiment

Fig. 8. Accumulated ammonia loss in percent o f  added TAN in surface applied cattle slurry ( 3 1 m'2) 

during a summer and a winter period (V). Ammonia loss was measured with wind tunnels (0,5 X  

2 m).



8.4.2. The effect o f  a ir  temperature, a ir humidity and wind speed on ammonia loss from  s u tf  ace 

applied slurry

At low temperatures, the rate o f ammonia loss was generally reduced (Fig. 8). The accumulated 

loss during 6 days was high, however, due to an appreciable loss rate from day 2 to day 6. During 

the experiment the soil was saturated with water and partially frozen, factors assumed to promote 

ammonia losses (V). Sustained ammonia losses from slurry during periods with low temperatures 

have also been observed in a study o f Thompson et al. (1987). At 19°C initial loss rates were high 

but after 12 h almost no further loss occurred (Fig. 8). This was ascribed to surface crusting and 

rapid infiltration into the relatively dry soil.

The results o f 20 wind tunnels-experiments with near identical cattle slurries were related to 

climatic conditions (Fig. 9). During the initial 6 h, the accumulated am m onia loss was exponentially 

related to temperature. During the three succeeding periods of 6-12 h, 12-24 h and 24-144 h, the 

ammonia volatilization rate was low and only slightly related to temperature. In these periods the 

ammonia loss pattern shifted to a linear relationship to temperature. The reason for the increase in 

loss rate with temperature is that equilibrium-constants change with temperature. At a given con­

centration of TAN, an increase in temperature will cause a higher ammonia/ammonium ratio in the 

slurry, and the solubility o f ammonia declines with increasing temperature. Initially pH is high 

(8.5) and changes in temperature will influence ammonia loss significant, as small changes in pH 

produce significant changes in the ammonia/ammonium ratio (V). Therefore the ammonium loss 

rate is exponential related to temperature during the first six hours. In the following periods pH 

declined to 7.5, at this level the ammonia/ammonium ratio is less influenced by changes in pH. 

After a period factors like infiltration and soil properties interact with temperature.

Four equations describing the relationship between ammonia loss and temperature were determ i­

ned for the four periods (Fig. 9). For all experiments 46 % o f the measured loss over 6 days was 

accounted with the models (V), indicating that other factors like soil properties influenced the 

ammonia losses.

The ammonia loss rate after 6 h increased when tunnel wind speed increased up to 1.75 m s '. 

No consistent increase in volatilization was found when the wind speed increased from 1.75 to 2.8 

m s '1 (V). In a study o f Thompson et a l. (1990), the accumulated am m onia loss from cattle slurry 

was measured with similar wind tunnels. The loss o f ammonia increased with wind speed up to
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Air t e m p e r a t u r ,  °C

Fig. 9. Cumulative ammonia loss from  surface applied slurry during the periods (a) 0-6 h, (b) 6-12 

h, (c) 12-24 h and (d) 24-144 h. The loss is presented as a percentage o f  TAN remaining at the 

start o f  a period in relation to mean air temperature during the period (V). Solid symbols indicate 

observations not included in estimation o f  the lines shown. Surface type: stubble (circle), grass or 

clover grass (square), harrowed soil or cultivated stubble (diamond).



3 m s '1 during the first two hours, but during 5 h or more the accum ulated loss only increased with 

wind speed up to 2.5 m s ‘. The increased ammonia loss with increasing wind speed is due to a 

decrease in the boundary resistance. In the experiments, wind speeds higher than 2-3 m s'1 did not 

increase ammonia loss rates, probably because the boundary resistance was insignificant at the high 

wind speeds. The ammonia loss related to wind speed in the open, may deviate from the measured 

values, as turbulence created by the tunnels changes the wind profiles (Rasmussen and Mikkelsen, 

1988), but the relation with wind speed will show a similar pattern.

Rain simulated with 5 and 10 mm irrigation immediately after application of pig solid m anure and 

after 1, 2 and 3 days reduced ammonia losses (XII). Irrigation with 10 mm had greatest effect 

during the first two days, after which the rate o f ammonia loss increased compared to 5 mm 

irrigation. The ammonia loss after six days did not differ between the two irrigation treatments.

An increase in ammonia volatilization with increasing water vapor pressure deficit was considered 

an effect o f temperature (V).

8.5. M ethods fo r reducing  am m onia losses

8 .5 .1 . Slurry storages

The ammonia loss from stored slurry covered by seven surface coverings was compared to a 

weekly stirred slurry (VI). The coverings were natural surface crust, crude rape seed oil, 

sphagnum, chopped cereal straw, floating PVC-foil, leca pebbles (floating granules o f  burned 

montmorillonitic clay) and a lid (Fig. 5). Ammonia losses from the weekly stirred slurry w ere 3-5 

g NH3-N n r2 d 1.

From an undisturbed slurry that developed no natural surface crust, ammonia loss was sim ilar to 

losses from stirred slurry (Fig. 5). A layer of surface crust reduced ammonia loss rates with 80% 

compared to stirred slurry. This reduction was attributed to the development of a stagnant liquid 

and air layer in the surface crust. During addition of slurry to the storage, these barriers should be 

protected by injecting the slurry below the surface.

The surface coverings reduced ammonia loss rate to less than 60% o f the loss from the stirred 

slurry (Fig. 5). In the study by Bode (1991), roofings or floating covers reduced ammonia loss to 

20% o f the losses from an uncovered slurry with no surface crustings.
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Rape seed oil surfaces, lids and PVC-foils reduce transfer o f ammonia from the slurry to the air. 

Losses observed from slurry tanks with these coverings (Fig. 5) were considered to be due to 

cracks developing in the rape seed oil surface and slits between the foil o r the roof and the sides 

o f the slurry storages. The effect of surface crust, sphagnum, leca and straw was ascribed to the 

development o f a stagnant air layer above the slurry surface and a reduced natural convection in 

the slurry.
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Hours from start of experiment

Fig. 10. Accumulated loss o f  ammonia from  anaerobic ferm ented p ig  slurry (3 I m '2) measured with 

wind tunnels. The slurry was either directly injected into the soil, surface applied and cultivated 

into the soil immediately or after 8 hours, or surface applied. Mean air temperatures during the 

experiments were 11-17°C  (Larsen et a l., 1992).

8.5.2. Methods f o r  reducing losses fo llow ing  application

Injection of slurry (10 cm depth) or immediate incorporation into a soil reduced ammonia loss to 

low values (Fig. 10). M ore ammonia was lost by injecting the slurry to a depth o f 10 cm into a wet 

soil compared to injection into a moist soil (XII), reflecting the furrow in the wet soil stayed open



after the injection knifes. Soil injection to 30 cm reduced am monia loss to less than 2%  o f  the 

applied ammonium (Hoff et a l. 1981; Thompson et al. 1987).

Application o f slurry onto the soil between rows o f plants with hoses trailed on the surface may 

reduces ammonia losses (Bless et a l. 1991). The effect is highest when the slurry is applied under 

a well developed plant canopy (VII), as the reduction in wind speed increases with the size o f  the 

plants. Furtherm ore a reduced wind speed within the crop canopy will increase the gaseous 

ammonia concentration, by which leaf absorption o f ammonia increases (II). Similar am monia

Table 2. Volatilization o f  ammonia fro m  surface applied pig slurry (3 I m 2) to a newly cultivated  

(5-10 cm depth) and an uncultivated soil (Sommer, unpublished).
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Experi­

mental

period

Temperature Wind speed Soil water 

content

Cultivated

soil

Unculti­

vated soil

°C m s'2 % V/V Ammonia 

loss in % o f 

TAN

Ammonia 

loss in % 

of TAN

19.-25. 

Mar. 1991

6 3.0 17 19 43

3.-9. Jul.- 

1991

20 3.2 11 17 25

25. Sep.- 

1.Oct. 1991

3.0 14 15 33

5.-11. 

Nov. 1991

8 3.0 17 12 22



losses were estimated after surface application of slurry applied with trail hoses and splash plates 

to a winter wheat crop, rows spaced with 22 cm and plant height 40 cm (Sommer and Pedersen, 

unpublished). High wind speed during the experiments was assumed to cause a high convective 

transport within the waving crop canopy, and to reduce the boundary layer. This shows that the 

trail hose application technique do not reduce ammonia losses when used in a crop with a small leaf 

area and in periods with high wind speed.

Cultivating the soil surface before surface application of slurry reduced ammonia loss values 

compared to losses from an uncultivated soil (Table 2). The reduction was caused by higher 

infiltration rate o f  slurry into the soil (Horlacher and Marschner, 1990) and by an increased surface 

roughness. The effect of trail hose application may be improved by harrowing the soil before 

applicaiion.

8 .6 . Loss of am m onia from  slu rry  applied to  a  recently lim ed soil

After 6 days the accumulated loss o f ammonia from slurry applied to the surface o f a recently limed 

soil was 21-28% higher, than from an untreated soil (XI). The difference was mainly caused by 

a high loss rate from the limed soil from day one and two. This supports the suggestion that 

ammonia loss the first day after application may be significantly influenced by changes in acidity 

(V).

8.7. Ammonia volatilization during  application  of slu rry

During spreading with conventional slurry spreaders equipped with a central splash-plate, loss of 

ammonia was less than 4 % o f applied ammonium (V ill). Volatilization was determined by the 

difference in TAN content in slurry before and after spreading. There were no differences in 

ammonia losses when the slurry was applied in a spreading fan with a length andwidth o f respec­

tively 11 and 10 m or 6 and 4 m (V ill). Direct measurements have shown, that ammonia losses 

during spreading were less than 1 % of the applied ammonium with conventional spreaders, trail 

hose application and a cable driven irrigator (Pain et al. 1989, Phillips et al. 1991). These results 

are not supported by the observations reported by Boxberger and Gronauer (1990), who found that
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ammonia losses increased from 4% to 6.7% of applied ammonium, when the spreading length 

increased from 1.5-10 m to 5-15 m. Spreading of slurry using an irrigation device having a sprea­

ding length o f 25-30 m resulted in losses of 9.6%  of the applied ammonium (Boxberger and 

Gronauer, 1990). The ammonia loss was determined by the difference in TAN of slurry collected 

before and after spreading. The greater losses in their study compared to the results o f V ill ,  Pain 

e t al. (1989) and Phillips et a l. (1991), may be due to losses o f am m onia from the collected slurry 

(V ill).
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9. Modelling ammonia volatilization from stored slurry

In the model ammonia volatilization from stored slurry was calculated using the equations (6) to 

(13), knowing temperature, wind speed, pH and TAN concentrations of the slurry, and the 

geometry of the slurry tank (Olesen and Sommer, unpublished). TAN determined by addition of 

MgO, distillation and titration, has been shown to be the soluble fraction (III). It is assumed that 

convection of the slurry can be excluded because of the high viscosity and dry matter content of 

the slurry. TAN, therefore, is only transported by diffusion to the surface layer of the slurry.

Changes in surface acidity, C 0 2 volatilization and microbial digestion o f  organic acids o f  the 

slurry cannot be calculated by the model. The buffer system of slurry, acid and base producing pro­

cesses, has to be examined further, before changes in acidity of slurry can be calculated. Therefore 

the measured pH in the surface of the slurry is an input variable in the model. This approach was 

also used in models o f  ammonia volatilization from stored slurry (Muck and Steenhuis, 1982), from 

surface applied slurry (Molen et al. 1990) and from urea applied to flooded soil systems (Jayaweera 

and Mikkelsen, 1990).

The model was tested with ammonia loss values determined with wind tunnels covering pilot 

slurry tanks (Olesen and Sommer, unpublished). Wind speed within the tunnel was adjusted from 

1.8 to 10 m s '. There was agreement between predicted and measured loss o f  ammonia from an 

uncovered slurry, except for the losses from 27.5 to 45.5 h after initiating the measurements and 

stirring the slurry (Fig. 7). The development o f a surface crust in this period may have caused a 

change in surface roughness. The effect of a 15 cm straw layer could be simulated with the model 

by increasing rb to 100 s m '1 compared to 20 s n r1 from an uncovered slurry.
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10. Conclusion

30

Erroneous ammonia loss values may arise from determination o f am monia losses by the N-recovery 

technique.

Enclosures can be applied in the laboratory for the study o f potential ammonia losses related to 

soil variables or slurry compositions.

Wind tunnels may be used for studying ammonia loss from animal manure and fertilizers in the 

field, when estimating the effect o f climate, soil property, slurry composition or application 

techniques.

Eddy correlation and gradient techniques are not usable for studying ammonia volatilization from 

confined areas to which manure or fertilizers can be homogeneous applied. For measurements in 

the field micrometeorological mass balance techniques have shown to be appropriate. A new mass 

balance technique using passive absorbers gave reliable ammonia loss values, the method is labour 

saving and the loss can be determined easily and cheaply.

Ammonia loss from weekly stirred pig and cattle slurries were 3-5 g NH3-N nr2 d '1. Ammonia 

losses from stirred slurry were related to temperature and wind speed. Surface crustings reduced 

NH3 losses to 20% of the losses from stirred slurry. Ammonia losses from an unstirred slurry 

without a surface crust were similar to the losses from a stirred slurry. A layer of chopped straw 

(15 cm) could replace a surface crusting layer. Ammonia losses from slurry covered by rape seed 

oil, leca pebbles, sphagnum peat, a wooden lid or floating foil were low.

With a simple model ammonia loss from stored slurry was predicted. There was agreement 

between model prediction and measured ammonia losses from uncovered slurry and slurry covered 

with af straw layer.

Ammonia losses were low during application of slurry with conventional spreaders.

From surface applied slurry, ammonia losses were exponentially related to air temperature during 

the first 6 hours after application and linearly related in following periods. Ammonia losses from 

surface applied slurry increased with wind speed. Irrigation reduced ammonia losses from surface 

applied animal manure.

Ammonia losses from surface applied slurry increased with increasing slurry dry matter content. 

I f  the results were adjusted for pH and temperature, losses tended to be sigmoidal related to the



dry matter content, indicating that changes in content o f dry matter have little effect on ammonia 

loss at dry matter contents higher than 12% and lower than 4% . Slurry pH had an effect on 

ammonia loss, but the relation was not significant. It is proposed that ammonia loss should be 

related to both slurry alkalinity and acidity.

Generally no ammonia is lost from slurry injected into the soil, and after incorporation o f slurry 

into the soil only little ammonia is lost. Ammonia loss from surface applied slurry may be reduced 

by harrowing the soil before application. Ammonia loss from slurry applied to a crop may be 

reduced by trail hose application to the soil between the rows o f the crop.
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11. Outlook

32

A simple model for calculating ammonia loss from stored slurry was developed. With the model 

pH changes in the surface o f the slurry cannot be calculated. Submodel predicting surface pH by 

the transport o f carbondioxide species and TAN in the slurry and the transfer o f gaseous 

carbondioxide and ammonia from the slurry should be developed.

It was shown that ammonia loss from surface applied slurry is related to slurry dry matter 

content, and equations describing the effect o f slurry dry matter were developed. Furtherm ore in­

filtration o f slurry into the soil may be influenced by the slurry viscosity. The effect o f viscosity 

should be examined.

Ammonia is related to acidity, but accumulated loss from surface applied slurry was not 

significantly related to initial bulk pH. It is assumed that pH of the slurry changed during the 

experiment, and this change was influenced by initial proton activity, alkalinity and volatilization 

o f carbondioxide and ammonia. These processes are not well described and should be examined.

The model developed for measuring ammonia loss from stored slurry may be expanded to 

describe ammonia volatilization from slurry applied to the soil surface. For that purpose, processes 

of infiltration o f slurry into the soil should be included, the infiltration being influenced by both 

soil and slurry characteristics. The influence of infiltration and the effect of sorption o f ammonium 

to soil colloids must be quantified.

Future studies o f ammonia loss from stored and applied animal manure will include meteorologi­

cal mass balance measurements in the open. These measurements will be used for evaluating the 

models developed for depicting the wind tunnels measurements.
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Abstract . A n ew  type o f  pass ive  s a m p l e r  fo r  the  d e te rm in a t io n  o f  N H 3 emission from  l a n d  s u r ­
faces a n d  m a n u r e  s to rages  was  te s ted  in a m ic ro m e te reo lo g ica l  m ass  b a lance  method .  T he  s a m p l e r  c o n ­
sists o f  2 glass tu b es ,  each  with  a  l eng th  o f  10 c m  a n d  an  in te rna l  d ia m e te r  o f  0.7 cm. T he  tw o  glass  
tubes a re  c o n n e c t e d  in series,  w ith  o n e  e n d  f i t ted  with a th in  s ta in less  steel  disc having a 1 m m  h o le  
in the  cen ter .  T h e  inne r  su rface  o f  e ac h  glass  t u b e  is c o a ted  w ith  oxa l ic  acid.  The results s h o w  th a t  
the  pass ive flux sam p le r  can  be u sed  to  give a c c u ra te  d e te rm in a t io n s  o f  N H j  emission. T h e  pa ss ive  
flux s am p le r  m a k e s  gas w ash in g  b o t t le s ,  p u m p s ,  flow mete rs ,  a n e m o m e te r s ,  a n d  electricity u n n e c e s s a ry  
and  a m m o n ia  loss can  be d e t e r m in e d  eas ily  a n d  cheap ly  w i th o u t  the  requ irem en t  o f  a la rge  l a b o r  
force.

1. Introduction

A m m onia is a m ajor air p o llu ta n t. T h e  principal sources o f  atm ospheric N H 3 are 
generally concluded  to  be an im al m a n u re  and  N fertilizers. A m m onia th a t en ters  
the tro p o sp h ere  is read ily  tran sfe rred  from  the a ir  in to  acid cloud d ro p le ts , 
neu tra liz ing  acid ity  by accep ting  H + to  form  N H 4+. R em oval of N H 4+ an d  N H 3 
from  the a tm osphere  takes p lace by w et an d  dry  deposition . Close to  sources, d ry  
deposition  o f  N H 3 is the m ost im p o r ta n t rem oval process, while at greater d istances 
wet rem oval o f  p articu la te  N H 4+ aeroso ls is m ost im p o rta n t. The deposited  N H 3/  
N H /  co n trib u tes  to  several u n d es irab le  env ironm ent changes like acidification an d  
eu tro p h ica tio n  o f o lig o tro p h ic  ecosystem s (Schulze et al., 1989).

Estim ates o f  N H 3 em ission are  still very uncertain . In o rd er to  im prove the es tim ates  
there is a g rea t need fo r d a ta  on  N H 3 vo la tiliza tion  from  m anure sto rages an d  
from  m anure  an d  fertilizers ap p lied  to  the  surface o f  ag ricu ltu ra l land. F u rth e rm o re , 
very few results are availab le on  the em ission  o f N H 3 from  the foliage o f ag ricu ltu ra l 
crops.

* A u th o r  fo r  al l co r re s p o n d en c e .

Water. Air, a n d  S o i l  P ollution  62: 13-24 ,  1992.
© 1992 K tuw er A cadem ic  Publishers. P r in ted  in the  N etherlands.



14 J .  K.  S C H J O E R R I N G  E T  AL .

Am m onia vo la tiliza tio n  is s tro n g ly  in fluenced  by air tem peratu re an d  w ind speed. 
The frequently  used ch am b er tech n iq u e  a lte rs  the m icroclim atic cond itions an d  
m ay give incorrec t estim ates o f  N H 3 em ission (F e rm , 1983; F erguson  et al., 1988). 
Instead, w ind-tunnels (Vallis et a l., 1982; T h o m p so n  et al., 1987; S om m er an d  O lesen, 
1991) or m ic rom eteo ro log ica l techn iques (B eau ch am p  et al., 1982; B runke et al., 
1988) have to  be used. A d isa d v an tag e  is th a t  b o th  w ind-tunnels an d  m icrom e­
teorological m e th o d s  req u ire  expensive in s tru m e n ta tio n  and a large la b o r force. 
In addition, m ic ro m eteo ro lo g ica l m e asu rem en ts  based on energy balance o r a e ro ­
dynam ics requ ire  extensive a n d  un ifo rm  la n d  areas. Such requ irem en ts are n o t 
necessary in m ic ro m eteo ro lo g ica l m easu rem en ts  based  on m ass balance (D enm ead ,
1983). Hence, m ass ba lance  m e th o d s  are su itab le  for m easuring N H 3 em issions 
from  smaller p lo ts .

The requirem ent fo r a large la b o r  force in th e  m icrom eteorological m ass balance 
m ethods has p a r tly  been o v erco m e by d ev e lo p m en t o f the Z IN S T  m ass balance 
approach (W ilson et al., 1983) an d  the ‘th e o re tic a l profile shape so lu tio n ’ (M clnnes 
et al., 1985). By ap p lica tio n  o f  these sim plified  m ethods, N H 3 em ission (vertical 
N H 3 flux density) can  be d e te rm in e d  from  m easurem ents o f ho rizo n ta l N H 3 flux 
in one height on ly . The n ea rb y  su rro u n d in g s  m u st be uniform  and  it is assum ed 
th a t the flux o f  N H 3 from  the  su rro u n d in g s  in to  the  area is negligible. T he su itab ility  
o f  the ZIN ST m e th o d  fo r d e te rm in a tio n  o f  N H 3 loss from  m anure  app lied  on a 
circular area h as  recently  been  d em o n s tra te d  by  Sherlock et al. (1989). In  the ir 
study, the h o rizo n ta l N H 3 flux w as m easu red  by  a ro ta ting  sam pler, au tom atica lly  
aligning its o p en in g  to  the w ind  d irec tio n  (L eu n in g  et al., 1985).

The purpose o f  the p resen t w o rk  was to  test a new , simple, n o n -ro ta tin g  sam ple r 
fo r m easuring h o rizo n ta l N H 3 fluxes in the  a tm o sp h e re  (product o f  N H 3 concen ­
tra tion , wind speed  an d  cosine o f  the  angle betw een  wind d irec tion  an d  axis o f  
the sampler). T h e  sam pler h as  th e  p o te n tia l advan tages of being easy to  o p era te , 
no climatic v ariab les  have to  be m easu red , no  electricity is needed, an d  the re  are 
no  specific restric tions to  th e  su rro u n d in g s  o f  th e  experim ental area. A n ad d itio n a l 
advantage is th a t  N H 3 em issions m ay be in te g ra te d  over long periods.

2. M ateria ls  and M ethods

2 . 1 .  E x p e r i m e n t a l  a r e a

The experim ental a rea  in ex p e rim en t 1 was a  sq u a re  with a side length  o f  21 m. 
In the rest o f the  experim en ts, the  ex p e rim en ta l area  was a circle w ith an area  
o f  707 m 2 (rad iu s 15 m). T h e  N H 3 source consis ted  o f 140 flat beakers (d iam ete r 
15 cm, height 3 cm ), evenly d is trib u te d  on th e  experim ental area  an d  con ta in ing  
an (N H 4)2S 0 4 so lu tio n . The experim en ts w ere s ta r te d  by adding a N a H C 0 3/ N a 2C 0 3 
solution to the beakers. T he to ta l vo lum e o f  th e  so lu tion  was 0.5 L w ith a N H 4 + 
concentration a b o u t 1 M . T he p H  o f  the so lu tio n  w as initially 8.5 to  9.0 and  d ro p p ed  
during the experim en ts to  a ro u n d  8.0 (Table I). T he am ount o f  N H 3 volatilized
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T A B L E  I

C l im a t ic  c o n d i t i o n s  (1 m  ab o v e  soil surface) a n d  p H  o f  a m m o n i a  source ( N H 4* / H C O j " 
so lu t io n )  in e x p e r im e n t s  w ith  a pass ive  sam p le r  fo r  m e a s u r in g  am m o n ia  em iss ion  in  the

field

P a r a m e te r  E xp e r im en t

1 2 3 4 5 6

W in d  spee d ,  m  s ' 1 
A ir  t e m p e r a tu r e ,  °C  
A ir  h u m id i ty ,  %  
W in d  d ire c t io n  
In it ia l p H  
F ina l  p H

4.1 1.1 1.9
14.5 4.3 9.6
65 70 49
N W N E N E

V
O

O
O 8.5 8 . 6

8 . 0 - 8.4

2.4 3.7 4.3
12.1 17.4 16.3
47 72 67
W N W W

8.3 8.9 9.1
8.0

OO
O 8.2

was estim ated  on  basis o f  th e  difference in N H 4+ co n ten t in  the beakers befo re  
and afte r an  experim en t. Im m ed ia te ly  after sam pling, th e  so lu tion was acid ified  
by add ition  o f  0.6 M  H 2S 0 4 to  s top  N H 3 volatiliza tion . T h e  N H 4+ co n c en tra tio n  
o f the so lu tion  w as d e te rm in e d  by d istilla tion  follow ed by titra tio n .

The clim atic c o n d itio n s  d u r in g  the experim ents are sum m arized  in Table I.

2.1. M a s s  b a l a n c e  m e t h o d  w i t h  p a s s i v e  f l u x  s a m p l e r s

The passive flux sa m p le r  consists  o f  glass tubes w ith a co a tin g  of oxalic ac id  on 
the inner surface (F ig u re  1, ha tch ed  part). The oxalic ac id  coating was m ad e  by 
draw ing m eth an o l co n ta in in g  3%  oxalic acid in to  each glass tube. A fter allow ing

stainless
steel disc silicon

tubing 1

u  ^  a 2 _  b , _

F h z - A t  = U-cos a-[NH3]-dt (A1+A2) 
2 - t i t 2 -0.77

li

Fig. 1. Passive  N H 5 flux s a m p le r .  N H ,  is co l lected  in tubes  A,  a n d  A 2 b u t  not in B, a n d  B 2 w h e n  
wind d irec t ion  a n d  w in d s p e e d  is r e p r e s e n te d  by  thge  vector U.  T ubes  A ,  a n d  A 2 collect the  s a m e  a m o u n t  
o f  N H j  if a  is 0°. W h e n  a  i n c rea se s ,  the  a m o u n t  o f  N H j  col lected  by  A ,  decreases  m ore  r a p id ly  w i th  
a  than  does  cos a , while  A 2 co l lec ts  a n  a m o u n t  o f  N H ; th a t  d ecreases  m o r e  slowly with  a  t h a n  d o e s  
cos a . H o w ev e r ,  the  a v e rag e  a m o u n t  o f  N H j  collected by the  tw o  tu b es  as a  function  o f  a  c o r r e s p o n d s  
ap p ro x im a te ly  to  cos a  ( F ig u re  2). T h u s ,  the  N H 3 flux th ro u g h  a p lane  p e rp e n d ic u la r  to  the  l o n g i tu d in a l  
axis o f  the  s am ple r s  c a n  be d e t e r m in e d .  F hz is the  ho r izon ta l  flux den s i ty  o f  N H 3, [N H j]  is the  a t m o s p h e r i c  

N H ,  c o n c e n t r a t i o n ,  r is t h e  r a d iu s  o f  the  h r '»  'V the s ta in less  s tee l d isc,  and t is time.
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the m e th an o l so lu tio n  to  d ra in , the tubes w ere dried  w ith  N H 3 free air. T he tubes 
were closed im m edia te ly  a f te r  drying. Sixteen tubes connected  to  a m an ifo ld  were 
coated sim u ltaneously . W e have subsequen tly  observed  th a t a m ore un ifo rm  co a tin g  
may be o b ta in e d  when ac e to n e  is used as so lvent in stead  o f  m ethano l (see also 
Leuning et a l., 1985).

Each g lass tu b e  was 100 m m  long w ith an inner a n d  o u te r d iam eter o f  7 an d  
10 mm, respectively . Tw o tu b e s  were connected  by m eans o f  a small piece o f  silicon 
tubing (F ig u re  1). To each p a ir  o f  glass tubes was fu rth e rm o re  connected  a sta in less 
steel disc (th ick n ess  0.5 m m  in  E xperim en t 1, 2, 3, an d  4 an d  0.05 mm in experim en ts
5 and 6) w ith  a  hole (d iam e te r  1 m m ) in the center. T he disc was g lued  o n to  
a 10 m m  lo n g  glass tu b e  th a t  was connected  to  the oxalic  acid coa ted  glass tubes 
by use o f  a  piece o f s ilicon  tub ing  (F igu re  1). T he p u rp o se  o f the stain less steel 
disc was to  decrease  the a ir  speed  inside the tubes in o rd e r  to  achieve a low  fric tion  
resistance a n d  a high N H 3 co llec tion  efficiency. T he a ir  speed inside the tubes will 
be ap p rox im ate ly  p ro p o rtio n a l to  the w ind speed o u ts ide  the tube m ultip lied  w ith 
the cosine o f  th e  angle be tw een  the w ind d irec tion  an d  the tube axis (F igu res 1 
and 2). T ubes an d  sta in less steel discs w ere m an u fac tu red  by M ik ro lab  A arh u s 
A /S, Axel K iers Vej 34, D K -8270 H oejb jerg , D enm ark .

The passive flux sam p le rs  were m o u n ted  a t fou r heights (0.75, 1.5, 2.25, an d  
3 m) on  fo u r  m asts p laced  a t r igh t angles to  each o th e r  on the periphery  o f  the 
circular ex p erim en ta l area . In  each heigh t the tw o un its  o f  a passive flux sam p le r 
(Figure 1) w ere m o u n ted , on e  un it hav ing  the sta in less steel disc facing to w ard s 
the experim en tal area, th e  o th e r un it hav ing  the disc facing aw ay from  the 
experim ental a rea . A m m o n ia  com ing from  the experim en tal area  was thus collected  
through the  sta in less steel disc o f  the first un it and  th ro u g h  the open  end o f  the 
second. C onversely , N H 3 fro m  the su rro u n d in g s was collected th rough  the open  
end of the firs t u n it and  th ro u g h  the disc o f  the second.

At the en d  o f  th e  9 h r  ex posu re  period  the flux sam plers were taken  dow n from  
the m asts a n d  closed w ith  p la s tic  caps. In  the la b o ra to ry , 3 m L deionized  w ater 
was added  to  each  glass tu b e  in  o rd er to  dissolve th e  oxalic acid coating . T he 
am m onium  c o n c en tra tio n  in  the leachate was analyzed by use o f a F low  In jec tion  
Analyzer (T eca to r m odel 5020). A pp lica tion  no te A SN 50-01/84  was follow ed except 
for 0.1 M  N a O H  w hich w as replaced by 0.3 M  N aO H  in o rd er to  neutra lize the 
sorbent (see a lso  Svensson a n d  A nfält, 1982).

The h o rizo n ta l flux o f  N H 3 (Fhz, (jig N H 3-N m~2 s ' 1) th rough  tw o glass tubes 
facing in the  sam e d irec tio n  (see e.g. A x an d  A 2 in F igure  1) was calcu la ted  on 
basis of the fo llow ing  eq u a tio n :

‘ h z  >
2 ■ jr • r2 ■ K  • A/

where A t an d  A 2 a re  the  a m o u n ts  o f  N H 3 in the tw o glass tubes, r is the rad iu s  
o f the hole in the  sta in less steel disc (0.5 m m ), A t • the tim e betw een the s ta rt
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U  cos a, m s ' 1

Fig . 2. A verage  a ir  speed  th ro u g h  th e  h o le  o f  th e  s ta in le ss  s teel disc o f  a  p a ss iv e  N H j flux s am p le r  
as a  fu n c tio n  o f  a m b ien t w ind sp eed  (U ) a n d  ang le  b e tw een  w in d  d ire c tio n  a n d  lo n g itud ina l ax is o f  
sam p le r (a ) . M easu rem en ts  w ere c a r r ie d  o u t  in  a w in d  tu n n e l a t  3 w ind sp ee d s  (2 .4 , 5.4, o r 11.5 m s ' 1) 
an d  w ith  a  ad ju s ted  to  0°, 37°, 53°, 66°, o r  78°. T h e  a ir  sp ee d  th ro u g h  th e  s a m p le r  w as ca lcu la ted  as 
(A , +  A 2)/(277r2[ N H j]^ t )  w here  A ! a n d  A 2 a re  th e  a m o u n ts  o f  N H j in th e  tw o  glass tubes fac in g  in 
the w ind d ire c tio n  (see e.g. A ,an d  A 2 in F ig u re  1), r  is the  ra d iu s  o f  the  h o le  in  the  stain less steel d isc  
(0.5 m m ), At is th e  tim e be tw een  the  s ta r t  a n d  th e  c o n c lu s io n  o f the  m e a su re m e n ts , an d  [N H j]  is 
the  a tm o sp h eric  N H j c o n c e n tra tio n  in th e  w in d  tu n n e l as  d e te rm in e d  by use o f  a  d e n u d e r  (F erm  1986).

and  the conclusion of  the m e asu rem en t ,  an d  K  is a co rrec tion  factor (K  = 0.77; 
Figure 2). The correction fac to r  was de term ined  in wind tunne l  experiments in 
which the air speed th rough  the ho le  o f  the  stainless steel disc was calculated as 
a function o f  o f  am bient w ind speed  ( U) and  cosine of the  angle a  between the  
wind direction and the long itud ina l  axis o f  the sam pler  (F igu re  2). Independent 
o f  the size o f  a  there was a very g o o d  corre la t ion  between a ir  speeds within a n d  
outside the sam pler  (r2 = 0.98; F igure  2). H ow ever ,  the s lope o f  the regression 
line, which corresponds to K in E q u a t io n  (1), was not equal to  1 but am oun ted  
to  only 0.77. This was likely due to  the fact th a t  the stainless steel disc creates 
some turbulence which reduces the a ir  speed with in  the sampler.

The vertical net-flux of  N H } f ro m  the exper im en ta l  area (Fv) was calculated using  
the following equation:

j h=4 m =4

^ = 7 r ? ,  2  (Fhz.p-Fkz.s)M , (2)
A !  h=\ m = \ y

where Fh and  Fhzs  is the h o r izon ta l  flux f ro m  the experim ental area a n d  
surroundings,  respectively, a t each height o f  m easurem ent (A) with each mast (w), 
AA is the height interval represen ted  by the  flux samplers (AA =  1.125 m for flux
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Fig . 3. G ra p h ic a l p re sen ta tio n  o f  th e  fe tch  re p re sen te d  by  pass ive  flux sam p le rs  on  fo u r m asts  su rro u n d in g  
a  c ircu la r p lo t. F u r th e r  e x p la n a tio n  o f  th e  F ig u re  is g iven  in the  Text.

samplers in 0.75 m height,  and  A/i =  0.75 m for  flux samplers in 1.5, 2.25 and
3 m height), r is the rad ius o f  the experim ental p lo t  (15 m), co rrespond ing  to  half  
o f  the fetch (the stretch the w ind h ad  passed  over the experim ental area).

T ha t  the fetch is equal to  2r can be derived f rom  F igure  3. Two pairs  o f  flux 
samplers receive air th a t  has  passed  a stretch  o f  2 r • cos a  + 2 r • s in a  over the 
experimental p lot (bold arrow s  in F igure  3). T he  fetch thus  varies beween 2r and 
2.83r when a  varies between 0° and  45°. H ow ever ,  the  flux is not only  p ro p o r t io n a l  
to  the a m o u n t  o f  N H 3 em itted  (here assum ed  to  be p ro p o r t io n a l  to the fetch) but 
also to  the cosine of  the angle between the  w ind d irec tion  and the longitudinal 
axis o f  the samplers (F igure  1). Accord ing ly ,  the  effective fetch will be the sum 
o f  the p roducts  2r • cos2a  an d  2r • s ina  • cos(90-a)  w hich is equal to  2r.

2 . 3 .  R e f e r e n c e  m e t h o d

The dow nw ind  mast, p laced in the cen ter  o f  the  experim ental area, was equipped 
with N H 3 traps placed at 0.25, 0.5, 0.75, 1.1, 1.5, 2.25, an d  3.75 m height above 
the soil surface. A mast w ith  fou r  air te m p e ra tu re  sensors (Ro tron ic  MP100TST- 
010) a t  1, 1.5, 2, and 3 m height above soil surface an d  seven anem om ete rs  (Vector 
Instrum ents  A101M) at 0.25, 0.5,0.75, 1.1, 1.5, 2.25, an d  3.75 m height above  soil 
surface was placed 1 m f ro m  the central m ast.  The signals from  the air  tem pera tu re  
sensors and  from  the anem om ete rs  were recorded  by  a da ta logger  (Cam bell C R 1 0 /  
WP). Two masts with an  N H 3 trap  a t  1, 2, and  3 m height above soil surface 
were placed at the upwind edge o f  the experim ental area.

The N H 3 traps consisted o f  a 250 m L  test tu b e  with a bottle  head  suppo r ting  
a gas dispersion tube. T he  t raps  con ta ined  60 m L  0.05 M  H 2S 0 4. The a ir  flow 
through  the trap  was 8 L m i n ' 1 prov ided  by a N eube rge r  m em brane  p u m p .  The
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traps were changed every 3 hr. T h e  concen tra t ion  o f  am m o n iu m  in the traps was 
measured spec trophotom etrica liy  by use of  an  au to an a ly ze r  and  a m ethod based 
on reaction between am m o n iu m ,  pheno l ,  and  hypoch lo ri te  (Hinds and Lowe, 1980).

The horizontal flux o f  N H 3 at each height o f  m easurem ent was calculated as 
the product o f  mean wind speed an d  mean a tm osphe r ic  concentra tion  of  N H 3. 
The N H 3 loss from the exper im en ta l  area (the vertical flux o f  N H 3) was calculated 
using the following equa t ion  (D e n m e ad ,  1983; R yden  an d  McNeill, 1984):

Mean windspeed (u) and  m ean  a tm ospher ic  N H 3 c o n c en tra t io n  (c) in the 3-hr periods 
of  measurement were used in the ca lculations o f  Fv. In  E qua t ion  (3), r  is the fetch 
(i.e. the radius of  the circu lar  experim ental p lo t  which was 15 m), cb is the mean 
background concentra t ion  o f  N H 3, zp is the heigh t at which the concentra tion  of  
N H 3 equalled its b ack g ro u n d  value (i.e. the heigh t o f  profile development), and  
z0 is the height at which w ind speed fell to zero.

The horizontal flux o f  N H 3 de te rm ined  with the  new type o f  passive flux sampler 
is shown in Table II. The h ighest N H 3 flux f ro m  the experimental plot was in 
all cases observed at the d o w n w in d  edge o f  the  p lo t  (com pare  Tables I and  II). 
As an example, a high h o r izo n ta l  N H 3 flux f ro m  the experimental plot to the 
surroundings (Fh2p) was observed  on  the easte rn  an d  sou the rn  mast in experiment
1 (Table II) in which the p reva iling  wind d irec tion  was north-west (Table I). 
Conversely, the horizontal N H 3 flux from the su r round ings  to  the experimental 
plot was highest at the upw ind  edge o f  the plot.

The horizontal net flux o f  N H 3 ( l F hzp -  'LFhzs  in Table II) decreased in all 
o f  the experiments with the loga r i thm  of height (z) (Table III). This shows tha t 
the flux samplers are able to  m easu re  a N H 3 flux profile.

There was a s trong linear re la t ionsh ip  between ho r izon ta l  net flux densities o f  
N H 3 measured by the passive flux samplers and  by the reference m e thod  ( ôux-sampieis 
= l-24/r ^  .traps + 0.02, r2=0.96; F igu re  4). The 95%  confidence limit for the slope 
was 0.13. Thus, the slope was significantly h igher  th a n  1. The high slope o f  the 
regression line between the h o r izo n ta l  fluxes o b ta in e d  with the two m ethods is 
mainly due to results o b ta ined  a t  the lowest height o f  m easurem ent (0.75 m) in 
Experiments 5 and  6 (com pare  T ab le  II and  F igure  4). Exclusion o f  these data  
from the regression analysis reduces the slope to  1.08 with a 95% confidence limit 
of 0.22. In Experiments 5 an d  6, the  thickness o f  the  stainless steel disc was reduced 
to 0.05 mm. We do  no t th ink ,  however, tha t  the  o v :res t im a tion  of  the fluxes in 
Experiment 5 and  6 was due to  a  systematic e- p ’ ; P ro d u c e d  by reducing the

Z
'P

(3)

3. Results and Discussion
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T A B L E  II

H orizon ta l N H j fluxes from  e x p e r im e n ta l p lo t  (Fh lp ) a n d  fro m  s u r ro u n d in g  (Fh. s) as a fu n c tio n  o f 
m ast and heigh t in ex p erim e n ts  w ith  a  p ass iv e  s a m p le r  fo r  m e a su rin g  a m m o n ia  em ission  in th e  field

Exp. H eight
(cm)

(cm)

N o rth

F lu x , n g  N H )-N  n v 2 s "1 

E a s t S o u th W est

N et fiuxa
v r  _t f

h:.p hz.s

~ r h:.p ~ hz.p I F .hz.p ^ , s

1 300 0.0 6.1 12.2 0.0 15.3 6.9 3.1 10.7 6.9
1 225 2.3 4.6 19.9 5.4 16.1 5.4 0.8 6.9 16.8
1. 150 0.0 10.7 36.0 6.9 22.2 5.4 0.0 7.7 27.5

1 75 2.3 15.3 84.2 7.7 59.7 3.8 5.4 16.8 107.9

2 300 0.0 1.5 1.5 0.8 5.4 1.5 1.5 0.8 3.8

2 225 0.8 2.3 3.1 1.5 3.8 1.5 3.8 1.5 4.6

2 150 0.0 1.5 1.5 0.0 6.1 0.8 3.8 1.5 7.7

2 75 0.8 1.5 0.0 1.5 11.5 0.8 6.9 0.0 15.3

3 300 3.1 6.1 6.1 7.7 16.1 7.7 12.2 8.4 7.7

3 225 9.9 9.9 5.4 4.6 13.8 9.2 18.4 7.7 16.1

3 150 6.1 3.8 4 .6 6.1 11.5 5.4 26.8 8.4 25.3

3 75 0.8 9.2 4.6 5.4 20.7 4.6 59.7 10.7 55.9

4 300 13.8 10.7 14.5 4.6 6.1 8.4 7.7 19.1 - 0.8
4 225 7.7 9.2 13.8 4.6 6.1 6.9 4.6 8.4 3.1
4 150 9.9 6.1 24.5 7.7 7.7 4.6 9.9 9.2 24.5
4 75 4.6 10.7 44.4 6.1 13.0 6.1 6.9 7.7 38.5

5 300 13.8 16.8 31.4 6.1 11.5 17.6 5.4 8.4 13.0
5 225 10.7 16.8 34.4 14.5 21 .4 11.5 4.6 8.4 19.9
5 150 13.0 16.1 51.3 2.3 33.7 13.0 6.9 8.4 65.0
5 75 10.7 12.2 116.3 3.1 101.8 4.6 7.7 9.2 207.4

6 300 12.2 13.8 36.0 6.9 8.4 9.9 5.4 24.5 6.9
6 225 19.1 13.0 49.0 9.9 17.6 13.8 9.2 9.9 48.2
6 150 10.7 22.2 97.9 3.8 13.0 9.9 13.8 26.8 72.7
6 75 14.5 13.0 205.1 9.2 26.8 13.0 3.1 13.0 201.3

a ng N H j-N  n r 2 s" '.

thickness of  the stainless steel disc. O th e r  th ings m ay have been involved. F o r  
example, som e beakers with N H 4V H C 0 3'  so lu t ion  m ay have been too close to 
a flux sampler in these experim ents  thus  affecting the results in a non representative 
way. It must also be rem em bered  th a t  there  a re  uncertain ties associated with the 
reference m e thod  which m ay lead to  an  u n d e r  es t im ation  o f  N H 3 fluxes (W ilson 
et al., 1983). I f  the stainless steel disc used in connection  with the passive flux 
samplers is too  thick there m ay be a risk th a t  the  air  flow inside the glass tubes 
is too low when the wind d irec tion  is ob lique to  the axis o f  the  sampler.

The vertical flux densities o f  N H 3 de te rm ined  using the passive flux samplers 
and the reference m e thod  are show n in F igure  5. T here  was a good agreem ent
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T A B L E  III

L in ea r regression e q u a t io n s  a n d  c o rre la tio n  coeffic ients fo r  the  re la tio n sh ip  

be tw een  h o rizo n ta l n e t flux  o f  a m m o n ia  (-F f,,  p-ZF/,* s’ l^g N H r N m ' 2 s " 1) 
m easu red  with a n ew  ty p e  o f  p a ss iv e  sam p le r  (T ab le  II) a n d  loga rithm  o f  

h e ig h t (z , m )  a b o v e  th e  su rface  em ittin g  a m m o n ia

E x p erim en t L in e a r  re g re ss io n  
e q u a t io n

C o rre la tio n
coeffic ient

1
=  '  7 1 2  ln(Z) + 76.9 r2 =  0.91

2 1 F h-..p-1 F h2.S =  - 8 6 ln W  + 12.2 r 1 =  0.96
3 1 F h ! .p - ^ F h2.S =  * 34 6 ln W  + 43.8 t1 =  0.98
4 =  - 29.9 ln (z ) + 31.4 r2 =  0.95
5 XF^ p- ^ F >,-s =  • 145-4 ! n ( z ) +  150.0 r 2 =  0.94
6 ^■F hi.p~^-F h:.s  =  "137.0 ln (z) +  151.7 r l =  0.96

between the vertical flux densities o f  N H 3 ob ta ined  by the tw o methods.
The a m o u n t  o f  N H 3 volatilized  f rom  the beakers with N H 4V H C 0 3~ so lu t ion  

varied from 171 mg N H 3-N p e r  b ea k e r  in the experiment with lowest N H 3-emission 
to 3240 mg N H 3-N per b ea k e r  in the  experim ent with the highest N H 3 emission. 
Expressed per  unit land area  these N H 3 losses correspond  to  a N H 3-N flux between  
1.1 and  20.0 (j.g N H 3-N m ' 2 s ’ 1 (Table IV). The highest losses of N H 3 to o k  place

Reference method

F ig . 4. R e la tio n sh ip  betw een n o rm a liz e d  h o r iz o n ta l  n e t flux den sities  o f  N H j (jj.g N H j-N  m "2 s~' p e r  
m fe tch) m easu red  by  a m ic ro m e te o ro lo g ic a l m e th o d  w ith  passive  flux sam p le rs  and  a  c o n v e n t io n a l 
m ic ro m e teo ro lo g ic a l m ethod  (re fe ren ce  m e th o d )  w ith  a c id  tra p s  a t  0 .75 , 1.5, 2.25 and  3 m h e ig h t a b o v e  
the su rface  o f  th e  ex perim en tal p lo t. N o rm a lis a tio n  o f  h o riz o n ta l  fluxes (i.e. d ivision by fe tch ) w as 
d one  in o rd e r  to  e lim ina te  d ifferen ces  in th e  d is ta n ce  th e  w ind  h ad  tra v e lle d  over th e  ex p e r im e n ta l 

a rea  (15 m in re fe re n c e  m e th o d , 30 m fo r  passive  flux sam pler).
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Reference method

Fig. 5. R ela tio n sh ip  b e tw een  v e rtic a l flux  d en sities  o f  N H 3 (n g  N H 3-N  n r 2 s " 1) m e asu red  by  a 
m icrom eteo ro log ica l m e th o d  w ith  p a ss iv e  flux  sam p le rs  a n d  a  c o n v e n tio n a l m ic ro m e teo ro lo g ica l m e th o d

(re fe ren ce  m e th o d ).

in experiment 6, in which air  te m p e ra tu re  a n d  wind speed were relatively high 
(Table I). This is in acco rdance  w ith  the fact th a t  N H 3 volatilization from  aqueous  
solutions increases exponentia l ly  with  te m p e ra tu re  (Vlek and  Stumpe, 1978). The 
amount of N H 3-N  volatilized, rela tive to  the  initial am o u n t  o f  N H 4+ in the beakers, 
varied from a b o u t  40% in exper im en t 6 to  only  3% in experiment 2.

The N H 3 em issions m easu red  with  the tw o microm eteorological m ethods  were 
smaller than close calcu la ted  on  basis o f  the  am o u n ts  o f  N H 3 lost from the source. 
The differences were m os t  likely caused by depos it ion  o f  N H 3 and  subsequen t

T A B L E  IV

C o m p a r is o n  o f  v e rtic a l N H 3 flux  d en sities  as m e a su re d  by  loss o f  N H j from  b e ak e rs  
w ith  N H / / H C O j ‘ s o lu tio n  a n d  m ic ro m e te o ro lo g ic a l m ass ba lan ce  m eth o d s

Exp . N H j loss fro m  b e a k e rs  
Hg N H 3-N  m "! s ' 1

V e rtic a l N H 3 flux , ng  N H 3-N  m 1 s ' 1 
M icro m e teo ro lo g ic a l m e th o d 3

1 11.7 +  0.8 9.4
2 1.1 ± 0 . 4 0.8
3 8.3 ± 0 . 8 3.2
4 6.1 ±  0.6 2.2
5 19.4 ±  1.9 9.4
6 20 .0  ±  1.4 10.8

a M e a n s  o f  fluxes m e a su re d  w ith  re fe re n ce  m e th o d  a n d  passive flux sam p lers  
(F ig u re  5).
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absorp tion  o f  N H 3 to the soil surface. The N H 3 deposition  was greatest in expe r im en ts
5 and  6 which were carried o u t  in spring on  a p loughed  field with moist soil w hile  
experiment 1 was carried o u t  on  a s tubble  field with a relatively dry surface. C lose ly  
above the beakers there was a detec tab le  o d o r  of  N H 3. This means t h a t  th e  
concen tra t ion  of  N H 3 in the air  ju s t  a b o v e  the beakers was between 10 a n d  50 
mg m -3 (Ahlberg, 1985; Jones ,  1973). C a lcu la ted  on basis o f  these concen tra t ions ,  
a deposition  of  e.g. 9.2 ng  N H 3-N m ' 2 s ' 1 (difference between 20 and  10.8 n g  
N H 3-N m "2 s ' 1; Table IV, Exper im en t 6) w o u ld  require a deposition  velocity b e tw e e n  
0.02 and  0.1 cm s ' 1. Velocities o f  1 to  2 cm s ' 1 have been m easured  for dry d e p o s i t io n  
of  N H 3 on vegetation (D uyzer  et al., 1987). In a m a them atica l  simulation m o d e l ,  
A sm an and  Janssen  (1987) used velocities o f  0.06 to  0.5 cm  s ' 1 for a m m o n ia  d ry  
deposition  to  bare soils.

4. Conclusion

The passive flux sampler can  be used in a m ic rom eteoro log ica l  mass balance m e th o d  
to give accura te  de term inations o f  the  vertical flux density o f  N H 3 from a c i rc u la r  
field. The passive flux sam ple r  m ake  p u m p s ,  flow meters and an e m o m e te rs  
unnecessary and  N H 3 loss can be d e te rm in ed  easily a n d  cheaply w ith o u t  th e  
requirem ent o f  electricity and  large la b o r  force.
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Foliar Absorption of A tm ospheric Ammonia by Ryegrass in the Field

S. G . S o m m e r*  a n d  E. S. J e n s e n

ABSTRA CT
The dry deposition of ammonia (N H 3) in th e  field w as m easured  

sim ultaneously at increasing distances from a  point source (a dairy 
farm) using a biomonitor. The biomonitor w a s Italian ryegrass (L o f-  
iu m  m u lu ß o ru m  Lam.) grown in pots and supp lied  with ,sN -labeled  
N . The use of 1JN improved the precision and lowered the detection  
lim it of the method compared with calcu lating the N H 3 deposition  
using the difference method (N-balance m ethod). A tm ospheric N H 3- 
concentrations were measured by drawing a ir  through traps con* 
taining sulfuric acid. At the end of a 6-w k period in th e  growing  
season , the deposition of N was 3.0 g N /m Jand 0 .7  g N /m J at average  
atmospheric concentrations o f 89 and 6 Mg N H 3- N / m \  respectively. 
Estim ated deposition velocities ranged from 0 .7  to 3 .4  c m /s  with an 
average of 1.6 cm /s (s.d. 1.2 cm /s).

It  h a s  b e e n  s h o w n  th a t  a tm o s p h e r ic  a m m o n ia  
(N H j)  can  be a b so rb e d  as w ell a s  re le a s e d  f ro m  

p la n ts  (D a b n e y  a n d  B o u ld in , 1985; H a r p e r e t  a l.,  1987; 
S c h jø rr in g  e t a l., 1987; W h ite h e a d  a n d  L o c k y e r, 1987). 
T h e  flux o f  N H 3 is c o n tro lle d  p a r t ly  by  a tm o s p h e r ic  
N H ,  c o n c e n tra tio n s , a s  p la n ts  c an  a b s o r b  N H 3 a t  h ig h  
c o n c e n tr a tio n s  o f  a tm o s p h e r ic  N H 3 a n d  lo se  N H 3 a t  
lo w  c o n ce n tra tio n s . In  m o s t n a tu r a l  e c o s y s te m s  th e  
su p p ly  o f  N  is low  a n d  p la n ts  a re  in  g e n e ra l N -d e fi-  
c ie n t. It is th e re fo re  u n lik e ly  th a t  p la n ts  in  th e s e  e c o ­
sy s te m s  w ill lose  N  in  th e  fo rm  o f  N H 3 d u r in g  g ro w th . 
H o w ev e r, d u r in g  sen escen ce  a m m o n ia  v o la t i l iz a t io n  
c a n  o ccu r fro m  ryeg rass  (L o liu m  m u h i f lo r u m  L a m .)  
(W h ite h e a d  e t al., 1988). M ic ro m e te o ro lo g ic a l  m e a s ­
u re m e n ts  h a v e  sh o w n  th a t  h e a th e r  [ C a llu n a  vu lg a r is  
(L .) H u ll] a n d  p in e  (P in u s  sp .) w o o d s  a b s o r b  a tm o s ­
p h e ric  N H 3 (D u y z e r  e t a!., 1987). I t  h a s  b e e n  d e m ­
o n s tra te d  th a t  D o u g las  fir [P s e u d o tsu g a  m e n z ie s i i  
(M irb e l)  F ran c o ] a b so rb s  l!N -e n r ic h e d  N H 3 in  th e  field  
(N a s o n  et al., 1988) a n d  la b o ra to ry  (P a n g , 1984). 
P la n ts  ex p o sed  to  a tm o s p h e r ic  N H 3 in  c h a m b e r s  in ­
c re a se  th e ir  a b so rp tio n  o f  N H 3 a lm o s t  l in e a r ly  w ith  
c o n c e n tr a tio n s  o f  N H 3 in  th e  a ir  in  th e  ra n g e  14 to  
7 00  tig N H 3/ m 3 (W h ite h e a d  a n d  L o c k y e r ,  1987).

T h e  a im  o f  th e  p re s e n t in v e s t ig a tio n  w as to  s im u l­
ta n e o u s ly  m e a su re  a tm o s p h e r ic  N H 3 c o n c e n tr a t io n s  
a n d  fo lia r a b so rp tio n  o f  N H 3 by  p la n ts  in  th e  fie ld . 
T h e  p la n ts  w ere g rass g ro w n  in  p o t s  (b io m o n i to r s )  
w ith  a low  su p p ly  o f  N . T h e  b io m o n i to r s  w e re  p la c e d  
in  th e  field a t in c re a s in g  d is ta n c e s  f r o m  a  p o in t  s o u rc e  
o f  a tm o s p h e r ic  N H 3. It w as e v a lu a te d  w h e th e r  o r  n o t  
p la n t a b so rp tio n  o f  N H 3 w as c o r r e la te d  w ith  th e  a v ­
e rag e  c o n c e n tra tio n  o f  a tm o s p h e r ic  N H 3. D e p o s i t io n  
v e lo c itie s  o f  N H 3 w ere  e s tim a te d .
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M A T E R IA L  A N D  M E T H O D S  

P la n t  G ro w th  a n d  A n a ly sis

A bsorp tion  o f  a tm ospheric  N H 3 was estim ated by m eas­
uring  d ilu tio n  o f  l!N  in Italian  ryegrass grown in pots. T he  
pots (area  491 cm 2, volum e 8.8 L) contained 7.4 kg N -free 
sand. O n the  sand surface 0.75 g seed (0.018 g N) was sp read  
evenly and  covered  with a 1-cm layer o f sand. Initially , the 
pots w ere w atered  with a N-free nutrien t solution (S om m er,
1988). T en  an d  25 d after sowing, 0.224 g N  as K N O j w ith  
2.786 a to m  % l5N  excess was supplied to each pot w ith  the 
n u trien t so lu tion . N utrien t so lution w ithout N was supp lied  
w hen needed.

T he pots were placed in a greenhouse for 28 d after sowing. 
G roups o f  fou r to  five pots were placed in the field 20, 40, 
and  60 m  east and  20, 40, 60, 80, and  130 m west o f  a da iry  
farm  du n g  yard in the  prevailing wind direction. O ne g roup  
was p laced  10 m south  o f  the  source. W hen the pots w ere 
placed in the  field, p lants from  other five pots were harvested  
and  analyzed  (control). Pots were positioned such th a t th e  
p lants w ere a t the  sam e height as the crop in the field.

A fter 47 d exposure, p lants from  all pots were harvested . 
The ro o ts  were recovered by gently washing the sand from  
the roo ts . T he  p lan t m aterial was oven-dried at 80 °C  fo r 24 
h, w eighed, an d  ground.

A nalyses for to ta l N  and l!N  enrichm ent in the dried  an d  
finely g round  p lan t m aterial were carried out using an  ele­
m ental analyser (C arlo Erba NA  1500) interfaced to an  iso­
tope ra tio  m ass spectrom eter (D elta, Finnigan MAT).

M e a s u r e m e n ts  o f  A tm o s p h e r ic  A m m o n ia  a n d  
In o r g a n ic  N itro g e n  in  R a in  W ate r

T he a tm ospheric  N H 3 concentration  was m easured by 
draw ing a ir a t 0.5 L /m in  through traps containing 60 m L  
0.1 M  HjSO«. T he trap  consists o f a 100-mL test tube w ith  
a gas d ispersion  tube. The flow was provided by a d iaphragm  
pum p (N euberger N M P 8.0 L, 12 V DC). The traps s itua ted  
1.2 m  above the crops were changed weekly and the c o n ­
cen tra tion  o f  N H ; m easured colorim etrical!y (D ansk S tan ­
dardiseringsråd , 1975). The m easurem ents were carried  o u t 
in tw o 7-d periods 1 and  2 wk after the start o f exposure.

R ain was collected in funnels (area 452 cm 2) g iving an  
estim ate  o f  the  bulk deposition. A m m onium  concen trations 
were analyzed  colorim etrical!y and  N O j was analyzed w ith  
a H PL C  (P erk in  Elm er, series 10).

C a lc u la tio n s

T he co n ten t o f  labeled N  (N,,„) in the p lant m aterial, an d  
N -deposition  (N dc„) was calculated, using the following e q u a ­
tions.

_  a tom  % i;N excess (plant)
tob '°ul a tom  % IJN  excess (N added)

Ki — M X  1 -  a tom  % ISN excess (exposed p lan t)
b' p ,oul a tom  % IJN excess (control p lan t)

In the  p lum e o f  N H 5 from the dairy farm, the background 
concen tration  o f  N H ; is constant (Allen et al., 1988; A sm an  
and Janssen , 1986), an d  in rural areas background N O , co n ­
cen tra tions in the  a ir  are also constant. In this study, d if­
ferences in the a m o u n t o f N deposited are therefore re la ted
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to  differences in a im ospheric  N H j concentrations. One is 
ab le  to calculate the deposition  velocity fo r N H j, d iv id ing  
differences in uptake o f  N  w ith differences in a tm ospheric  
N H j concentration at tw o distances from the  farm . T he up ­
take o f  atmospheric N H j is then  expressed as the deposition  
velocity ( Vd):

R  ( j r )  -  R  (130 )

[ N H 3 ( a )  -  N H j  ( 1 3 0 ) ]  E t

where

Vd =  d ep o s itio n  velocity, cm /s
N H j (x) =  a tm o sp h e ric  N H 3 co n cen tra tio n s

in th e  a ir  x  m from  th e  fa rm , Mg 
N H j- N /m 3

N H 3 (130) =  a tm o s p h e r ic  N H j  c o n c e n tr a t io n s  
in  th e  a i r  a t  130 m  f ro m  th e  fa rm ,
Mg N H 3- N /m 3 

R ( x )  =  ra te  o f  N  d e p o s it io n  to  b io m o n i­
to r  X  m  fro m  th e  fa rm , g /m 2 

R  (130) =  ra te  o f  N  d e p o s it io n  to  th e  b io -
- m o n i to r  a t  130 m  f ro m  th e  fa rm , 
g /m 2

Et  =  p e r io d  o f  e x p o su re , s

An analysis of variance was carried out using the  proce­
d u re  ANOVA in SAS, and  LSD values were used to  com pare 
trea tm en t means when the  treatm ent effect was significant.

R E S U L T S  A N D  D IS C U S S IO N

A tm o sp h eric  A m m o n ia  C o n c e n tra tio n  a n d  W e t 
D e p o s itio n  o f N itro g e n

T h e  m ean  c o n c e n tr a tio n  o f  a tm o s p h e r ic  N H 3 in ­
c re a s e d  from  6 Mg N H j - N /m 3 130 m  e a s t  o f  th e  fa rm  
u p  to  89 Mg N H j- N /m 3 10 m  so u th  o f  its  d u n g  y a rd  
(T a b le  3). E ast and  w e st o f  th e  fa rm  th e  c o n c e n tr a t io n s  
o f  N H 3 w ere a t  id e n tic a l lev e ls . T h e  e a s t  a n d  w e s t N H 3

T ab le 1. Dry matter production, N  concentrations in dr}1 m atter, and 
15N  enrichment of Italian ryegrass tops and roots as influenced  
by biomonitor placement.

Distancef Dr)' matter N
Atom % lsN 

excess

m g/pot %
Plant top

- 6 0 17.9 1.52 2.22
- 4 0 21.9 1.31 2.07
- 2 0 18.7 1.61 2.09

0 26.1 1.27 1.99
+  20 24.2 1.21 2.08
+40 25.3 1.15 2.16
+  60 23.5 1.19 2.25
+  80 22.8 1.15 2.33

+ 130 25.5 1.02 2.43
LSD„ 2.2 0.10 0.24

Control 8.21 (SD 1.10) 3.64 (SD 0.20) 2.62 (SD 0.10)

Plant root

- 6 0 60.9 0.35 2.21
- 4 0 73.2 0.29 2.03
- 2 0 65.6 0.34 2.06

0 82.8 0.30 1.99
+  20 78.4 0.31 2.02
+ 40 79.1 0.29 2.09
+ 60 80.1 0.27 2.13
+ 80 83.9 0.23 £23

+ 130 70.5 0.31 2.32
LSD„ 22.0 0.08 0.09

Control 4.63 (SD 0.20) 1.90 (SD 0.10) 2.47 (SD 0.05)

c o n c e n tr a t io n s  m e a su re d  w ere m u c h  h ig h e r  th a n  th o s e  
fo u n d  in  n a tu ra l  e co sy s tem s  u n a ffe c te d  by  a n im a l  p r o ­
d u c t io n  (F e rm  et a l.,  1988). T h e  h ig h e s t  c o n c e n tr a t io n s  
w e re  e q u iv a le n t  lo  re p o rte d  c o n c e n tr a t io n s  fro m  a re a s  
w ith  h ig h  liv e s to c k  p ro d u c tio n  ( P in k s te r b o e r  e t a l.,
1987 ).

W i th  fu n n e ls  c o n tin u o u s ly  o p e n , d e p o s i t io n  o f  io n s  
a n d  p a r t ic le s  w ith  ra in  a n d  d ry  d e p o s i t io n  o n  th e  fu n ­
n e l s id e s  is m e a s u re d  a s  b u lk  d e p o s i t io n .  In  ra in  w a te r ,  
th e  r e s p e c t iv e  c o n c e n tr a tio n s  o f  N 0 3 a n d  N H ;  w»ere 
0 .7 2 3  m g  N O 5-N /L  a n d  0 .866  m g  N H ;- N /L .  P re c ip i­
t a t io n  d u r in g  th e  m e a su rin g  p e r io d  w a s  94  m m  a n d  
th e  b u lk  d e p o s i t io n  o f  N w as th e re fo re  0 .0 0 7  g N /p o t .

N itro g e n  A ccu m u la tio n  in  C o n tro l  P la n ts

T h e  to p  d ry  m a tte r  p ro d u c tio n  o f  t h e  c o n tro l  p la n ts  
h a r v e s te d  a t  th e  in it ia t io n  o f  th e  e x p o s u r e  p e r io d , w as  
h ig h e r  th a n  th a t  o f  th e  ro o ts  (T a b le  1). T h e  c o n c e n ­
t r a t i o n  o f  N  in  th e  to p  m a te r ia l w as  tw ic e  th e  c o n c e n ­
t r a t i o n  in  th e  ro o ts  a n d  77%  o f  to ta l  N  o f  th e  p la n ts  
w e re  fo u n d  in  th e  to p . T h e re  w as fo u n d  79%  o f  th e  
la b e le d  N  in  c o n tro l  p la n ts  (T ab le  2). I t  w a s  fo u n d  th a t
0 .0 4  g  N / p o t  w as d e r iv e d  fro m  s o u rc e s  o th e r  th a n  th e  
l a b e le d  N . A p p ro x im a te ly  h a l f  o f  th i s  N  w a s  d e r iv e d  
f r o m  th e  seed s , th e  re s t w as p ro b a b ly  a d d e d  in  th e  
d e io n iz e d  w a te r  o r  d e r iv e d  fro m  a s s im i la t io n  o f  N H 3 
f ro m  th e  a ir .

T h e  la b e le d  N  th a t  w as u n a c c o u n te d  fo r  (21% ) w a s  
p r o b a b ly  s till p re s e n t in  th e  s a n d  o r  lo s t  w h e n  th e  ro o ts  
w e re  w a s h e d  free  o f  san d  ( J a n z e n  a n d  B ru in s m a ,
1989). I t  is  u n lik e ly  th a t  d e n itr if ic a tio n  o c c u r re d  in  th e  
s a n d y  s o il  c o n ta in in g  n o  o rg an ic  m a te r ia l .  D u e  to  th e  
h ig h  N  s ta tu s  o f  th e  p la n ts  a n d  lo w  a tm o s p h e r ic  N H 3

T ab le 2 . T otal and labeled N  uptake and recovery o f  labeled N  in
the p lant biom ass as influenced by biom onitor placem ent.

Distance! N-totaJ N«,t Recovery§

m g N/pot g N/pot %

- 6 0 0.48 0.37 82
- 4 0 0.50 0.35 78
- 2 0 0.52 0.47 82

0 0.57 0.48 86
+  20 0.53 0.47 83
+ 40 0.52 0.38 85
+  60 0.48 0.47 81
+  80 0.45 0.46 81

+  130 0.47 0.49 86
LSD,} 0.05 0.04 NS

Control 0.39 (SD 0.03) 0.35 (SD 0.05) 79 (SD 11)

+ — East, +  west from the dung yard.
} Eased on atom % N in labeled N.
§ Recovery o f  added labeled N.

T ab le  3. Concentration of NH} and deposition velocities (V d )  as 
influenced by the distance to the dung yard o f  a dairy farm.

Distance! NH,-N Vd

m cm/s

- 6 0 25 2.4
- 2 0 46 1.2

0 89 0.8
-*-20 41 1.5
+  40 17 3.4
+  60 16 1.5
+  80 16 0.7

+  130 6 N.D.

East, + west of dung yard. t  _  U'est from «he dung yard. + easi from the dung yard.
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c o n c e n tr a tio n s ,  so m e  o f  th e  N  ta k e n  u p  m a y  h a v e  b e en  
lo s t as  N H 3 fro m  th e  p la n t  to p s  ( H a r p e r  e t  a l.,  1987).

N itro g e n  A ccu m u la tio n  in E x p o s e d  P l a n t s

A fte r  6 w k ex p o su re  in  th e  field, t h e  m e a n  re c o v e ry  
o f  la b e le d  N  w as 83% ; th is  is n o t s ig n if ic a n tly  d if f e re n t 
f ro m  th e  u p ta k e  in  th e  c o n tro l p la n t s  ( T a b le  2), in ­
d ic a t in g  n o  fe rti lize r N  w as lo s t d u r in g  th i s  p e r io d .

T h e  N  c o n c e n tr a tio n  in  p la n ts  e x p o s e d  in  th e  field  
w a s  low  (T ab le  1), a n d  p la n ts  w ere  N -d e f ic ie n t  d u r in g  
fie ld  e x p o su re , lab e led  N  w as t r a n s lo c a te d  f ro m  th e  
to p  to  th e  ro o ts . A tm o s p h e r ic  N H 3 w a s  a s s im i la te d  b y  
th e  p la n t  to p s  a n d  s o m e  o f  it w as a p p a r e n t ly  t r a n s ­
lo c a te d  to  th e  ro o ts , b e ca u se  th e  a m o u n t  o f  th e  N  d e ­
p o s ite d  in  th e  ro o ts  ex ceed ed  th e  a m o u n t  a d d e d  to  th e  
p la n ts  in  ra in . A lth o u g h  N  w as t r a n s lo c a te d  f r o m  th e  
to p s  to  th e  ro o ts , th e  c o n c e n tr a tio n  o f  N  in  th e  ro o ts  
w a s  v e ry  low .

F o lia r  A b so rp tio n  o f A m m o n ia

T h e  15N -e n r ic h m e n t o f  th e  c o n tro l  p la n t s  w a s  u s e d  
fo r  c a lc u la tin g  th e  d e p o s it io n  o f  N  t o  p la n ts  e x p o s e d  
in  th e  field . A s th e  p la n ts  w ere  g ro w in g  in  s a n d  o n ly  
c o n ta in in g  labe led  N , it is  n o t n e c e s sa ry  to  a s s u m e  th e  
s a m e  a m o u n t  o f  soil N  w as  ta k e n  u p  b y  p la n ts  e x p o se d  
to  e le v a te d  c o n c e n tr a tio n s  o f  a tm o s p h e r ic  N H 3 as  
p la n ts  g ro w n  in  an  N H r free a tm o s p h e r e  (L o c k y e r  a n d  
W h ite h e a d ,  1986). T h e  u p ta k e  o f  s o il  N  m a y  b e  d e ­
p re s s e d  w h e n  th e  p la n ts  a re  a b s o rb in g  la rg e  a m o u n ts  
o f  g a se o u s  N  (O k a n o  a n d  T o tsu k a , 19 8 6 ). N itro g e n  
lo s t  o r  g a in e d  w h ile  th e  p la n ts  w ere g ro w n  in  th e  g re e n ­
h o u s e  w ill n o t  affect th e  e s tim a te d  d e p o s i t io n ,  b e c a u s e  
th e  i5N -e n r ic h m e n t in  th e  c o n tro l p la n t s  is  u s e d  fo r  
c a lc u la tin g  th e  d e p o s it io n  o f  N  to  t h e  p la n ts  in  th e  
field .

A b s o rp tio n  o f  a tm o s p h e r ic  N  c a n  a ls o  b e  e s t im a te d  
b y  th e  d iffe ren ce  m e th o d  (O k a n o  a n d  T o ts u k a ,  1986; 
S o m m e r , 1988). U s in g  th is  m e th o d , t h e  a b s o r p t io n  is 
e s t im a te d  a s  th e  d iffe ren ce  b e tw ee n  th e  to ta l  N  o f  th e  
p la n ts  h a rv e s te d  a n d  th e  a m o u n t  o f  N  a d d e d  in  seed s  
a n d  fe rti liz e r. In  th is  s tu d y , a  p o s it iv e  c o r r e la t io n  b e ­
tw e e n  th e  m e th o d s  w as  o b se rv ed  (F ig . 1), b u t  th e  N  
d if f e r e n c e  m e th o d  u n d e r e s t im a te d  t h e  d e p o s i t io n .

T h is  d iffe ren c e  c o u ld  h a v e  b een  cau se d  b y  a m m o n ia  
v o la t i l iz a t io n  f ro m  th e  p la n ts  1 to  2 w k  a f te r  fe r t i l iz e r  
a p p l ic a t io n  ( H a r p e r  e t  a l., 1987) a n d  re le a s e  o f  ro o t 
e x u d a te s  in to  th e  rh iz o p h e re  (Jan zen  a n d  B ru in s m a ,  
1989).

T h e  s o u rc e  o f  N H 3 w a s  a  d a iry  fa rm  [80  c o w s  (B o s  
sp .)] , w h ic h  p r o d u c e d  ca. 5.7 X 103 kg  N H ;- N /y r  
(H a n s e n  a n d  S ib b e s e n ,  1989). F ro m  th e  s ta b le  a n d  
d u n g  y a rd  i t  is  a s s u m e d  th a t  20% (K ru s e  e t  a l., 1989) 
o f  th e  N H j  e v a p o r a t e d  g iv in g  a n  e s t im a te d  a m m o n ia  
lo ss  o f  1.1 X  103 k g  N H 3-N /y r . T h is  e m is s io n  c a u s e d  
a  d e p o s i t io n  o f  N  to  th e  b io m o n ito rs , w h ic h  d e c l in e d  
r a p id ly  to  th e  w e s t a n d  e as t o f  th e  fa rm  d u e  to  fa llin g  
c o n c e n t r a t io n  o f  a tm o s p h e r ic  N H 3 (F ig . 2). T e n  m e te rs  
s o u th  o f  th e  fa rm , th e  m e a su re d  d e p o s i t io n  is  e q u iv ­
a le n t  to  3 .0  g N / m 2 a n d  130 m  east o f  th e  f a rm  th e  
d e p o s i t io n  is e q u iv a le n t  to  0 .7  g N /m 2 f o r  th e  4 7  d  th e  
b io m o n i to r s  w e re  e x p o s e d  in  th e  field . A t t h e  e n d  o f  
th is  p e r io d , th e  b u lk  d e p o s it io n  was 0 .1 4  g  N / m 2, in ­
d i c a t i n g  d r y  d e p o s i t i o n  o f  N H 3 c o n t r i b u t e s  la rg e  
a m o u n ts  o f  N  to  t h e  v e g e ta tio n  a n d  c ro p s  n e a r  a  fa rm  
w ith  l iv e s to c k .

T h e  a m o u n t  t a k e n  u p  from  N H 3 in c re a s e d  w ith  in ­
c re a s in g  c o n c e n tr a t io n s  in  th e  a ir  (F ig . 3). I t  h a s  b e en

Fig. 2. 
yard.

O is ta n ce  (a)

D ep osition  o f  N H 3 east ( + )  and west ( - )  from  the dung 
M easured w ith  biom onitors, area 492 cm 2.

N d i l u t i o n  ( g  N/bi  omon 11 o r  )

Fig. 1. Correlation between estim ates of N H j dep osition  using N -  
difference or l5N-dilution method.

Fig. 3. 
post,

NHj c o fice n lro l inn (pq NMj-N/o )

D eposition  o f  N H 3 measured with Italian ryegrass grown in 
area 4 9 2  cm 1.
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s h o w n  th a t  a t a tm o s p h e r ic  N H 3 c o n c e n t r a t io n s  fro m
14 to  709 pg  N H j/m 3 th e  a s s im i la t io n  o f  N H 3 w a s  
l in e a r ly  corre la ted  to  th e  c o n c e n t r a t io n  (W h ite h e a d  
a n d  L o ck y er, 1987). In  th e  p r e s e n t  e x p e r im e n t ,  th e  
d e p o s i t io n  o f  N H 3 d e v ia te s  f ro m  l in e a r i ty  a t  th e  h ig h  
N H 3 c o n c en tra tio n  n e a r  th e  fa rm . T h i s  c o u ld  b e  a n  
a r t i f a c t  cau sed  by th e  w in d  c o n d i t io n s  n e a r  th e  fa rm  
b u i ld in g s ,  w hich affect th e  N H 3 c o n c e n t r a t io n  g ra ­
d i e n t s  a b o v e  the p la n ts . A lte rn a t iv e ly ,  th e  p la n ts  n e a r  
t h e  fa rm  m ay  have b e e n  s a tu r a te d  w i th  N H <  d u r in g  
t h e  fa irly  long e x p o su re  p e r io d  w ith  h ig h  c o n c e n t r a ­
t io n s  o f  a tm o sp h eric  N H 3.

D e p o s it io n  velocity  is a n  u n k n o w n  f u n c t io n  o f  e x ­
p e r im e n ta l  co n d itio n s  (S e h m e l, 1 9 8 0 ) a n d  s h o w s  a 
w id e  n u m e ric a l range fo r  e v e n  th e  s a m e  ty p e  o f  d e p ­
o s i t io n  surface. T he re fe re n c e  h e ig h ts  h a v e  n o rm a lly  
b e e n  1.0 to  1.5 m fo r la n d  s u rfa c e . I n  th is  s tu d y  N H 3 
c o n c e n tr a t io n s  were m e a s u re d  1 to  1.2 m  a b o v e  th e  
b io m o n ito r .  T he e s tim a te d  a v e ra g e  d e p o s i t io n  v e lo c ­
i ty  o f  N H 3 w as 1.6 c m /s  (S D  1.2 c m /s )  (T a b le  3). U s in g  
a  m ic ro m e teo ro lo g ica l g ra d ie n t  m e th o d ,  a  to ta l  y e a r ly  
a v e ra g e  o f  V d  =* 1.92 c m /s  (S D  1 .09  c m /s )  w-as e s ti­
m a te d  o v e r  hea th er (D u y z e r  e t a l .,  1987 ).
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Determination of Total Ammonium Nitrogen 
in Pig and Cattle Slurry: Sample Preparation 
and Analysis

Som m er, S . G .1, Kjcllerup, V.1 2nd K ristjanscn, 0 . ! ( 'D ep artm en t o f P lan t 
N utrition and Physiology, Askov E xperim ental S ta tion , Vcjcnvcj 55, D K - 
6600 Vcjcn, D enm ark  and : C cntral L abora to ry , P O  Box 25, D K -S830 Tjele, 
D enm ark). D eterm ination o f ammonium in pig and cattle  slu rry : Sam ple 
preparation  and analysis. Accep(cd Jan u a ry  10, 1992. Acta A gric . S cand ., 
Sect. B, Soil and P lant Sei. 42: 000-000.

In o rder lo supply  the correct 2m 0unt o f  am m onium  to th e  c ro p  w hen 
slurry is spread  on the field, it is necessary to  know  the am m o n iu m  
concen tra tion . S lurry  is a heterogeneous substance  and th e re  is a risk th a t 
organic  N -com pounds an d  the ionic s tren g th  will in terfere w ith  the  d e te rm i­
nation  o f  am m onium . T h e  usability o f five d ifferen t m ethods fo r the  
de te rm ination  o f  am m onium  in so lu tion  has been tested on  18 d ifferen t 
cattle  and pig slurries and  com pared to  a m anua l d is tilla tion  titra tio n  
technique. C olorim etric  de term ination  using  an au to an aly ze r and  an  a u to ­
m atic titra tio n  d is tilla tion  device using M cO  w ere highly accu ra te , and  
the precision was close to  1%. D istilla tion  w ith  N aO H  caused  in te rference  
from  hydro lvssb le  organic  com pounds. A n  am m onium  e lectrode  could  
be used, but the accuracy was not good. W hen using  the au to m a tic  titra tio n  
distillation  device, sam ples should im m ediately  be transferred  to  K je ldah l 
flasks with w ater o r  acidified to prevent loss o f  volatile am m o n ia , unless 
they are to  be distilled w ithin 50 min.

S v e n  G . S o m m e r ,1 V ig g o  K je l­
l e r u p 1 a n d  O le  K r i s t j a n s e n 2
'D epartm ent of Plant N u trition  a n d  
P h y sio lo g y , Askov E x p er im e n ta l S ta ­
tion , V ejenvej 55. DK -6600 V e je n , D en ­
m ark and :Central L a b o ra to ry , PO  
B ox 25 , DK-6S30 T jele. D e n m a r k

K ey w ords: am m onium ; a u to a n a ly z e r ;  
m a n u a l tilralion-distillation; a u to ­
m atic  titration—distillation; i o n - s e l e c ­
tive e lectrod e; sa m p le  p r e p a r a tio n .

In tr o d u c t io n

L a rg e  a m o u n ts  o f  a n im a l m a n u re  a re  c o lle c te d  a n d  
a p p lie d  to  fie ld s  in  fo rm  o f  s lu rry . O w in g  to  th e  
low  c o s ts  o f  m in e ra l  fe rti liz e rs , th e  p la n t  n u t r i e n ts  
in s lu rry  h a v e  n o t  b e en  h ig h ly  v a lu e d  a n d  s lu r ry  h a s  
b e e n  tre a te d  a s  a  waste" p ro d u c t .  T h is  c a n  g e n e ra te  
e n v iro n m e n ta l  p ro b le m s ,  as  in c re a s in g  a m o u n ts  o f  
n itro g e n  w ill le a c h  to  g ro u n d -  o r  s u r fa c e  w a te r  if  
th e  n u t r i e n t  lo a d  ex c e e d s  c ro p  re q u ire m e n ts .  In  
fie ld  e x p e r im e n ts  a t  A s k o v  E x p e r im e n ta l  S ta t io n ,  
th e  to ta l  a m m o n iu m  n i tro g e n  (T A N ) d e te rm in e d  
w ith  a  m a n u a l  d is t i l la t io n  t i t r a t io n  m e th o d  h a s  
b e e n  sh o w n  to  h a v e  a  n u t r i t io n a l  e f fe c t e q u iv a le n t  
to  in o rg a n ic  n i t ro g e n  in  fe rtilize rs . T h e  c o n te n t  o f  
T A N  in s lu r ry  is h ig h ly  v a r ia b le  (K je l le ru p ,  1986), 
a n d  th e  T A N  c o n c e n tr a t io n  h a s  to  b e  k n o w n  in 
o rd e r  to  c a lc u la te  th e  a m o u n t  o f  s lu r ry  n e c e s s a ry  
to  s a tis fy  th e  n i t r o g e n  r e q u ire m e n t o f  th e  c ro p .

B e fo re  s lu r rv  is a p p l ie d , th e  T A N  c o n c e n t r a t io n s  
- X I  c a n |e i th e n S e ~ d e te rm in e d /b v  th e  f a rm e r  (K je l le ru p ,  

19S6) o r  a t  th e  lo c a l la b o ra to ry .  It is k n o w n  th a t  
c o m m e rc ia l la b o r a to r ie s  o f te n  d e te rm in e  th e  c o n ­
c e n t r a t io n  o f  T A N  w ith  ex is t in g  m e th o d s  fo r  so il-

o r  w a te r  a n a ly s is .  T h e s e  m e th o d s  in c lu d e  a m m o n ia  
g a s  a n d  a m m o n iu m  io n  e lec tro d es , d i r e c t  d i s t i l ­
la t io n  o f  T A N  o r  c o lo r im e tr ic  d e te r m in a t io n  u s in g  
a n  a u to a n a ly z e r .  A m m o n ia -se D s in g  e le c t r o d e s  h a v e  
b e e n  s h o w n  to  g iv e  th e  sam e T A N  c o n c e n t r a t i o n s  
in  s lu r ry  a s  s t a n d a r d  d is tilla tio n  t i t r a t i o n  m e th o d s  
(K lu g e  e t a l . ,  1 989 ; M a n c a  et a l., 1 9 8 9 ). D i r e c t  
d i s t i l la t io n  w ith  M g O  h a s  o ften  b e e n  u s e d  f o r  d e ­
t e r m in a t io n  o f  T A N  in  s lu rry  ( L a u e r  e t  a l . ,  1976 ;
H o f f  e t a l .,  1981 ; K ir c h m a n  & W itte r , 1 9 8 9 ; M a n c a  
e t  a l . ,  1989 ). A t  A s k o v  E x p e rim en ta l S t a t i o n ,  T A N  ^  
in  f a r m y a r d  m a n u r e  a n d  s lu rry  fe a d  b e e n  d e te r -  ' 
m in e d  b y  d i r e c t  d is t i l la t io n  w ith  M g O , c o l le c t i o n  
in  b o r ic  a c id  i n d i c a to r  so lu tio n  a n d  t i t r a t i o n  w ith  
s t a n d a r d  H C 1 s o lu t io n  (H a n se n , 1927).

T h e  q u e s t io n  o f  w h e th e r  the  m e th o d s  o f t e n  u s e d  
f o r  so il a n a ly s is  a r e  s u i ta b le  fo r  d e t e r m i n a t i o n  o f  
T A N  in  s lu r r y ,h a s  n o t  b e e n  re p o r te d . S u c h  m e th o d s  *_J 
w e re  c o m p a r e d  t o  th e  m a n u a l d i s t i l l a t i o n  p r o ­
c e d u r e  u s in g  M e O f w h ic h  h a^ .been  u s e d  s in c e  1927  f  
a s  th e  s t a n d a r d  m e th o d  fo r  a n a ly z in g  T A N  in  m a ­
n u r e  a t  A s k o v  E x p e r im e n ta l  s ta t io n . L a b o r a t o r i e s  
o f te n  p r e p a r e  m a n y  s a m p le s  a t a  t im e , w h ic h  c a n  
r e s u lt  in  lo s s  o f  a m m o n ia  by e v a p o r a t io n  d u r in g
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s to ra g e .  T h e re fo re ,  th e  e ffec t o f  s a m p le  p r e p a r a t i o n  
w as  e x a m in e d , a n d  m e th o d s  to  p r e s e r v e  T A N  w e re  
d e v e lo p e d .

E x p e r im e n ta l

F iv e  m e th o d s  fo r  th e  d e te rm in a t io n  o f  a m m o n ia  
in  s lu r ry  h a v e  b e en  te s te d : a  m a n u a l  d i s t i l l a t i o n —ti­
t r a t io n  m e th o d  u s in g  M g O , d is t i l la t io n  o n  a n  a u t o ­
m a te d  d is t i l la t io n —ti t r a t i o n  u n it  f o r  K j e l d a h l  n i t r o ­
gen  d e te rm in a t io n  u s in g  e i th e r  M g O  o r  N a O H ,  
u se  o f  an  a m m o n iu m  e le c tro d e , a n d  a n  a u t o m a t e d  
s p e c t ro p h o to m e tr ic  m e th o d  u s in g  a n  a u t o a n a ly z e r .  
T h e  w a te r  u sed  w as  p u r if ie d  b y  io n  e x c h a n g e  (S il- 
h o r k o  M C  e q u ip m e n t,  m o d e l D P I )  a n d  b o i l e d ,  a n d  

ö ^ all r e a g e n ts  w e re ;a n a ly tic a l  g ra d e .
" 0

M a n u a l  d is t iU a ti6 n - ti tr a tio n  (M DT)

D e te r m in a t io n s  o f  T A N  u s in g  m a n u a l  d i s t i l l a t io n  
w e re  m a d e  a c c o rd in g  to  H a n s e n  (1 9 2 7 ) . A n  a l iq u o t  

^  o f  5 - 1 0  g o f  s lu r ry  w a s  tra n s fe n jd  to  a  2 5 0  m l P y re x  
f la s k . F iv e  g ra m s  o f  M g O , fo u r  d r o p s  o f  p a r a f f in
oil ( a n t i f o a m )  a n d  200 m l o f  w a te r  w e r e  a d d e d .  
T h e  fla sk  w a s  c o n n e c te d  to  th e  d i s t i l l a t i o n  d e v ic e  
a n d  a  re ce iv e r fla sk  c o n ta in in g  25 m l 4 %  b o r i c  a c id  
a n d  th r e e  d r o p s  o f  in d ic a to r  (m e th y l r e d  a n  m e th y l  
b lu e ) . T h e  s lu r ry  s o lu tio n  w as  h e a te d  u n t i l  1 0 0 -1 5 0  
m l h a d  d is tilled  in to  th e  re c e iv e r  f la s k  ( 1 0 - 1 3  m in ) .  
T A N  in  th e  d is t i l la te  w as  d e te rm in e d  b y  t i t r a t i o n  
w ith  1 /1 4  M  HC1. W h e n  th e  c o lo u r  c h a n g e d  f r o m  
g re e n  to  red  th e  d is tilla te  w a s  h e a te d  t o  b o i l i n g  fo r

Table 1. Characteristics ol the cattle and pig slurries used in the 
experiments

Sample
no.

Slurry
source

Total-N 
(g N 1” )

TAN-N 
(g N !-’) pH

Dry matter 
(K w/w)

1 Pig 5.44 4.33 8.15 ' 2.44
2 Pig Z80 2.50 7.45 1.05
3 Pi9 3.50 2.60 7.20 2.23
4 Pi9 3.80 3.10 7.40 2.01
5 Pig 4.60 3.50 7.45 3.73
6 Pig 5.60 3.80 7.35 8.13
7 Pig 6.71 5.30 8.10 4.08
8 Canle 3.60 2.30 7.45 6.15
9 Cattle 4.34 2.60 7.35 7.06

10 Canle 4.20 2.80 8.70 6.08
11 Cattle • 2.48 •
12 Carte • 3.97 •
13 Pig 6.04 4.56 6.40 5.50
14 Carte 3.86 2.42 6.29 7.96
15 Canle 5.81 4.59 6.68 8.05
16 Cattle 5.40 3.26 7.20 8.52
17 Pig 3.00 2.44 7.50 2.05
18 Pig 6.10 4.61 7.60 4.42

• Not measured.

Table 2. Determination ol TAN in pig (no. 13) and cattle (no. 14) 
slurry by the manual distillation titration method with and without 
addition ol CuSO, (n— 5)

Slurry
no. CuSO,

TAN*
(g N 1- ’)

c.v.
(*)

2 + 2.48 1.5
2 - 2.48 0.6

11 + 4.52 1.0
11 - 4.47 0.3

• There was no signilicant diflerence (p-19i) between the determi­
nations with and without CuSO*.

5 m in  to  re m o v e  d is s o lv e d  c a r b o n  d io x id e ,  a n d  th e  
c o lo u r  c h a n g e d  S S S ^ b a c k  to  g re e n . T h e r e a f t e r  th e  
d is t i l la te  w a s  t i t r a t e d  u n t i l  t h e  c o lo u r  c h a n g e d  to  
re d  a g a in .

A u t o m a t e d  d i s t i l la t io n - t i t r a t io n  (A D T)

T h e  T A N  c o n c e n t r a t io n  w a s  d e te r m in e d  w i th  a n  
a u to m a te d  s te a m  d i s t i l la t io n  t i t r a t i o n  s y s te m , K je l-  
te c  A u to  1030 A n a ly z e r  (T e c a to r ,  S w e d e n ) .  T h e  
s y s te m  w a s  u s e d  a n d  r e a g e n t s  p r e p a r e d  a s  d e ­
s c r ib e d  in  th e  m a n u a l .  A n  a l i q u o t  o f  5 - 1 0  g  s lu r r y  
wfa s  t r a n s f e r r e d  to  a  d e s t r u c t io n  tu b e .  F iv e  g r a m s  
o f  M g O  a n d  f o u r  d r o p s  o f  s i l ic o n e  o il ( a n t i f o a m )  

W as-I a d d e d ,  a n d  d i s t i l la t io n  s ta r te d  im m e d ia te ly .  
D e te r m in a t io n  o f  T A N  u s in g  25  m l 3 3 %  N a O H  
a d d e d  a u to m a t ic a l ly  in s te a d  o f  M g O  w a s  a ls o  
e x a m in e d .

A m m o n iu m  e l e c t r o d e  (A E )

A n  F 2 3 2 2  N H 4 e le c t r o d e  ( R a d io m e te r  A / S ,  C o p ­
e n h a g e n )  w as  e m p lo y e d .  P o te n t io m e t r i e  m e a s u r e ­
m e n ts  w e re  p e r fo r m e d  w ith  a  R a d i o m e te r  T T T  
8 5  in s t r u m e n t .  T h e  e le c t r o d e  c o n s is ts  o f  a  s i lv e r  
c h lo r id e  in s e r t  m o u n te d  in  a  tu b e  c o n ta in in g  a m ­
m o n iu m  c h lo r id e  e le c t r o ly te  s o lu t io n .  T h e  t i p  o f  
th e  tu b e  is a  m e m b r a n e  t h r o u g h  w h ic h  th e  e l e c t r o ­
ly te  s o lu t io n  is in  c o n ta c t  w ith  t h e  s a m p le  s o lu t io n .  
T h e  s a m p le  s o lu t io n  w a s  d i lu te d  100 t im e s  w ith  
w a te r  a n d  s t i r re d  w ith  a  m a g n e t ic  s t i r re r .  T h e  e le c ­
t r o d e  a n d  c a lo m e l  r e f e re n c e  e le c t r o d e  w e re  im ­
m e rs e d  in to  th e  s lu r ry  s o lu t io n ,  a n d  s t i r r i n g  w a s  
s to p p e d .  A f te r  1 m in  th e  p o te n t ia l  w a s  re a d .  T A N  
s t a n d a r d  s o lu t io n s  w e re  p r e p a r e d  b y  d i lu t in g  a  50 0  
p p m  N H ^ C l s o lu t io n  to  g iv e  T A N  c o n c e n t r a t io n s  
o f  2 .5 , 5 .0 , 10 .0 , 2 5 .0 , 5 0 .0 , 1 0 0 .0  a n d  2 0 0 .0  p p m .

A u t o a n a l y z e r  (A A )

A  T c c h n ic o n  a u to a n a lv z e r  (T e c h n ic o n  a u t o a n a l y ­
z e r  I I ,  S e g m e n te d  F lo w  A n a ly t ic a l  I n s t r u m e n t s )  
w a s  u s e d  e s s e n tia lly  a s  d e s c r ib e d  b y  C r o o k e  a n d
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S im p so n  (1971). In  th is  sy stem  th e  T A N  is d ia lv s e d  
o v e r a m e m b ra n e  2nd  d e te rm in e d  w ith  a  B e r th e lo t  
re a c tio n  u s in g  s a licy la te  a n d  d ic h lo r is o c y a n u r a te  
a s c o lo rin g  re a g e n t a n d  n i t r o p ru s s id e  a s  c a ta ly s t .  
A n  a u to m a tic  p ip e tte  ( f io n j - iv h ic .h - th e 'e n d ~ o f - th f /  

l_L ip-had-been-T em o\td f w as  u sed  to  t r a n s f e r  1 g o f  
s lu rry  to  a 100 m l v o lu m e tr ic  fla sk  c o n ta in in g  10 
ml w ater. A  s o lu tio n  o f  1 m.M KC1 w a s  a d d e d  to  
m a k e  th e  v o lu m e  u p  to  100 m l.

S lu r r ie s  a n d  t r e a tm e n ts

E igh teen  sam p les  o f  p ig  a n d  c a t t le  s lu r ry  w e re  u sed  
fo r  th e  te s t  (T ab le  1). T h e  c o n te n t  o f  T A N  w as 
d e te rm in e d  w ith  th e  m a n u a l - d i s t i l l a t io n  t i t r a t i o n  
m e th o d , a n d  to ta l-N  u s in g  th e  K je ld a h l  m e th o d .  
T h e  d ry  m a t te r  c o n te n t  w as  d e te r m in e d  g ra v i-  
m e tric a lly  a n d  s lu r ry  b u lk  p H  w ith  a  s t a n d a r d  
e lec tro d e  (R a d io m e te r ) .  T h e  s lu rr ie s  a r e  r e f e r r e d  to  
b y  th e  n u m b e rs  in T a b le  1. T h e  s lu r ry  w a s  s to re d  
fro zen  a n d  a f te r  th a w in g  k e p t in  c lo s e d  200  ml 
p o ly e th y le n e  b o tt le s  a n d  a n a ly z e d  w i th in  3 d a y s .

Test o f  d is t i l la t io n  p ro c e d u re :  R e c o v e ry  o f  a d d e d  
a m m o n iu m  fro m  s lu rry  w as  s tu d ie d  w ith  th e  s ta n ­
d a rd  M D T  m e th o d  by  a d d in g  4, 8 , 12 a n d  15 ml 
o f  a  100 p p m  NH..C1 s o lu t io n  to  s lu r ry  s a m p le  n o .
1. T h e  e ffec t o f  th e  d u r a t io n  o f  d is t i l l a t io n  w as  
ex am in ed  w ith  th e  M D T  m e th o d  u s in g  M g O  a n d  
N a O H  w ith  s lu rrie s  n o s . 13 a n d  14. A d d i t io n  o f  
N a O H  w as c o m p a re d  to  M g O  a d d i t io n  w ith  th e  
A D T  m e th o d  u s in g  s lu rr ie s  n o s . 1 2 -1 6 . T h e  e ffec t 
o f  a d d itio n  o f  C u S O j o n  th e  a n a ly s is  w a s  e x a m in e d  
w ith  the  M D T , o n  s lu rry  n o s . 2 a n d  11.

C o m p a r is o n  o f  m e th o d s : T A N  in s lu r ry  d e te r ­
m in ed  w ith  th e  A D T  u s in g  M g O . th e  A A  a n d  th e  
A E  m e th o d s  w as  c o m p a re d  to  th e  d e te r m in a t io n

b y  th e  s ta n d a r d  M D T  m e th o d .  S lu r r ie s  n o s .  2 -1 8  
w e re  u s e d  fo r  th is  te st.

R e p r o d u c ib i l i ty :  T en  s a m p le s  o f  s lu r r ie s  n o s .  6 
a n d  15 w e re  a n a ly z e d  w ith  e a c h  o f  t h e  f o u r  
m e th o d s ,  t h e  M D T  a n d  A D T  m e th o d s  u s in g  M g O , 
t h e  A A  a n d  th e  A E  m e th o d .

S a m p le  p re p a ra t io n :  T h e  e ffe c t o f  h a v in g  th e  
s a m p le s  s to re d  in o p en  b e a k e rs  ( l iq u id  d e p th  1 c m  
a n d  s u r f a c e  a re a  25 cm-’) a rid  in  K je ld a h l  f la s k s  
( l iq u id  s u r fa c e  a re a  12.6 c m 2)  f o r  3, 6 , 9 , 12, 15, 
18, 2 1 , 3 0 , 60 , 1 2 0 ,2 4 0  a n d  2 40  m in  w a s  te s t e d  w ith  
s lu r r ie s  n o s .  12 a n d  13. F u r th e r m o r e ,  t h e  e f f e c t  o f  
a d d i t io n  o f  M g O  a n d  w a te r  o r  p r e s e r v a t io n  w ith  
p h o s p h o r ic  a c id  [w h en  s to re d  in  th e  f l a s k s jw a s  
e x a m in e d .

C a lc u la t io n s

T h e  r e s u l t s  w e re  a n a ly z e d  u s in g  tw o -w a y  a n a ly s is  
o f  v a r ia n c e  (S A S  In s t i tu te ,  1988). A d ju s te d  r  c o r ­
r e la t io n  v a lu e s  w ere  u s e d  to  te s t  th e  r e la t io n  b e ­
tw e e n  tw o  tre a tm e n ts .  T h e  N L I N  p ro c e d u r e  in  th e  
S A S  s ta t i s t ic a l  p a c k a g e  (S A S  In s t i tu te ,  1 9 8 8 ) w a s  
u s e d  to  te s t  th e  e ffec ts  o f  d if f e r e n t t r e a tm e n ts .

R e s u l t s  a n d  d i s c u s s io n  

M a n u a l  d is t i l la t io n

A d d i t io n  o f  C uSO .. to  th e  s lu r ry  p r io r  to  a n a ly s is  
w ith  th e  M D T  m e th o d  r e d u c e d  th e  a c c u ra c y  o f  th e  
m e th o d ,  a n d  th e  c o e ff ic ie n t o f  v a r ia t io n  in c re a s e d  
tw o -  t o  th re e - fo ld  (T ab le  2). T h e re  w a s  n o  s ig n if i­
c a n t  d if f e r e n c e  (p =  1% ) b e tw e e n  th e  tw o  m e th o d s .  
C o p p e r  s u lp h a t e  w as o r ig in a lly  a d d e d  to  t h e  m a ­
n u r e  ( H a n s e n ,  1927) to  p re c ip i ta te  h y d r o g e n  s u l­
p h id e ,  w h ic h  u p o n  d is t i l la t io n  c a n  b lu r  th e  c o lo u r

16 

14 

' 12 
10 

8 

6 

•4 

2 

0 - T - T ” “1“
4 6 8 - 0  12 14 16

ammcr. ivi ffl , 9  N H . - N  l i t r e

Fig. “i  EfTecl o f  distillation tim e and addition o f  N a O H  and  
M gO  on  the am ou n t o f  TA N  distilled from  pig  slurry (upper)  
and cattle slurry (low er).



c h a n g e  d u r in g  ti tra t io n . T h e  te s t s h o w e d  t h a t  th is  
p r e c a u t io n  is n o t necc ssa ry .

R e c o v e ry  o f  T A N  (F ig . 1) w a s  h ig h ly  c o r r e la te d  
w ith  th e  a m o u n t o f  a d d e d  a m m o n iu m  c h lo r id e  
( r  =  0 .9 9 3 ) in th e  d e te rm in a t io n  w ith  th e  M D T  
m e th o d .  T h e  recovery  o f  a d d e d  a m m o n iu m  w a s  
c o n f i r m e d  by  th e  o b s e r v a t io n s ,  a s  th e  c o r r e la t io n  
lin e  g o e s  th ro u g h  th e  o r ig in  0  =  5% ) a n d  th e  s lo p e  
is 1.Ö 0  =  5% ).“

T h e  effect o f  d is t i l la t io n  t im e  w a s  te s t e d  u s in g  
t h e  M D T  m eth o d  u s in g  e i th e r  M g O  o r  N a O H .  
M a x im a l  a m o u n ts  o f  T A N  w e re  o b ta in e d  a f t e r  7 - 8  
m in  o f  d is tilla tio n  (F ig . 2 ). A f te r  t h a t  t im e  n o  m o r e  
T A N  w a s  d istilled , b u t  s ig n if ic a n tly  m o r e  T A N  
(p  =  5 % ) w as d istilled  w ith  N a O H  t h a n  w ith  M g O . 
N a O H  p ro b a b ly  h y d ro ly s e s  a lk a l i - la b i le  o r g a n ic  
N - c o m p o u n d s  in th e  s lu r ry  ( F o r d h a m  &  S c h w e r t-  

 ̂ m a n n ,  1977), asJw as-'show n fo r  so ils  b y  B r e m n e r  &  
K e e n e y  (1965). T h ese  r e s u l ts  s h o w  t h a t  M g O  
s h o u ld  be  used  in th e  a n a ly s is ,  a n d  t h a t  d is t i l la t io n  
t im e s  o f  8 m in  are n e c e s s a ry  i f  re l ia b le  r e s u l t s  a re

S. G . Sommer ct al.

t o  b e  o b ta in e d .  T h e  d is t i l la t io n  t im e  c o r r e s p o n d e d  
to  150 m l d is t i l la te ,  a s  u s e d  in  t h e  s t a n d a r d  p r o ­
c e d u r e  (H a n s e n ,  1927).

A u t o m a t i c  d is t i l la t io n  t i t r a t io n  m e t h o d

D is t i l l a t io n  o f  T A N  f o r  3 -m in jb y  th e  A D T  m e th o d  
w i th  N a O H  w a s  h ig h ly  c o r r e la te d  w ith  th e  M D T  
m e th o d  w ith  M g O  ( r  =  0 .9 9 9 7 ) , b u t  th e  v a lu e s  o b ­
t a in e d  a r e  s ig n if ic a n tly  d i f f e r e n t ,  s in c e  t h e  s lo p e  o f  
t h e  c u rv e  is s ig n if ic a n tly  d if f e r e n t  0  =  5 % ) f r o m  1 
(F ig .  3 A ). U s in g  th e  m o r e  r e a c t iv e  b a s e  p o s s ib ly  
c a u s e d  in te r f e r e n c e  f r o m  a m in o  a c id s .  B y  c o n t r a s t ,  
d e te r m in a t io n  o f  T A N  b y  a d d in g  M g O  t o  th e  s lu r ­
ry  a n d  d is t i l l in g  w ith  th e  A D T  f o r  3 -m iW w a s  id e n t ­
ic a l w ith  th e  M D T  m e th o d ,  a s  th e  l in e a r  r e g re s s io n  
lin e  ( r  =  0 .9 9 7 ) h a d  a  s lo p e  n o t  s ig n if ic a n t ly  d i f f e r ­
e n t  f r o m  1.0 0  =  5% ) a n d  a n  in te r c e p t  n o t  d i f f e r e n t  
f r o m  z e r o  (p  =  S % ) (F ig . 3B ). T h e  r e s u l t  in d ic a te s  
t h a t  w h e n  M g O  is u s e d , t h e r e  is n o  in te r f e r e n c e  
w ith  T A N  d e te r m in a t io n  b y  s te a m  d i s t i l la t io n ;  th is

o
e
■30)C

D e t e r m i n e d  w i t h  the M D T  m e t h o d  

g T A N  l i t r e " 1

Fig. S. Determination of TAN in slurry measured with an automated dislil!aiion titraiion unit after addition of either NaOH (A) 
or McO (B). an auloanalyzer (C) and an ammonium electrode tD) compared to the standard manual distillation titration method 
addinc McO.
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Table 3- The precision ol the lour methods tested with pig (no. 6) 

and cattle (no. 15) slurry ( n - 10)

Pig slurry Cattle slurry

TAN ' c.v. TAN c.v.

Method (9 N I " ) {%) (g N I - ’) (*)

Manual distillation titration

(MgO) 3.97^ 1.1 4.551 1.2
Automatic distillation titration

(MgO) 3.96' 1.1 4.58* 0.4

Automatic distillation titration

(NaOH) 4.89“ 0.1

Ammonium electrode 3.76' 1.3 4.4 0C 1.6

Autoa nalyzer 4.016 1.9 4.54* 0.9

LSD (0.95) 0.04 0.04

'  Figures w;h the same letter are not significantly dillerent.

h a s  a lso  b een  s h o w n  f o r  so ils  b y  B u r to n  e t  a l. 
(1 9 8 9 ).

A u to a n a ly z e r

D e te r m in a t io n  o f T A N  e s tim a te d  w ith  a n  a u t o a n a ­
ly ze r w as  l in e a r ly  c o r r e la te d  ( r  — 0 .9 8 7 )  w ith  th e  
s ta n d a r d  M T D  (F ig . 3 C ), b u t h a d  a  re g re s s io n  
c o e ff ic ie n t s m a lle r  th a n  th a t  o b ta in e d  u s in g  th e  
A T D  m e th o d  in th e  p re s e n c e  o f  M g O . T h e  s lo p e  
o f  th e  re g re s s io n  lin e  w a s  n o t  s ig n if ic a n tly  d i f f e r e n t  
f ro m  1.0 (p =  5% ) a n d  th e  in te rc e p t w a s  n e t  s ig n if i­
c a n t ly  d iffe re n t f ro m  z e ro  (p  =  5% ). T h e  m e th o d  is 
th e re fo re  s u ita b le  fo r  th e  d e te r m in a t io n  o f T A N  in 
s lu rry . T h e  c o m p a r is o n  sh o w e d  t h a t  t h e r e  is n o  
in te r fe re n c e  w ith  c o lo u r  fo r m a t io n  w h e n  th e  t e m ­
p e r a tu r e  is 37 CC  a n d  n i t r o p ru s s id e  is u s e d  a s  th e  
c a ta ly s t  (S ea rle , 1990).

A m m o n iu m  e l e c t r o d e

D e te r m in a t io n  o f  T A N  in  d ilu te d  s lu r r y  w i th  a n  
e le c tro d e  w as  l in e a r ly  c o r re la te d  w ith  t h e  M D T  
m e th o d  (F ig . 3 D ) ,  th e  re g re ss io n  c o e f f ic ie n t  b e in g
0 .9 8 8 . T h e  s lo p e  is s ig n if ic a n tly  d i f f e r e n t  f r o m  1.0 
(p =  10% ) a n d  th e  in te r c e p t  is s ig n if ic a n tly  d i f f e r e n t  
f ro m  z e ro  (p =  5% ). T h e  re a so n  fo r  th e  d i f f e r e n c e  
c o u ld  b e  th a t  th e  e le c tr o d e  o n ly  e s t i m a t e s \ t h a t |p a r t  r-W ' 
o f  th e  T A N  p r e s e n t j a s  th e  N H 4+ io n ; i f  t h e  p H  o f  
th e  s lu r ry  is h ig h e r  t h a n  8 .0 , less th a n  9 5 %  o f  th e  
T A N  w ill b e  in  th e  N H 4+ fo rm . T h e  a m m o n i a  
c o n te n t  o f  th e  s lu r ry  w a s  a d d e d  to  t h e  e s t i m a te  
u s in g  th e  e q u a t io n

T A N  =  [N H 4+] x ( l + Å 7 [ H +])

w h e re  K  is th e  e q u i l ib r iu m  c o n s ta n t  f o r  t h e  r e a c ­
t io n , [N H 4+] is th e  a m m o n iu m  c o n te n t  m e a s u r e d  
w ith  th e  e le c tro d e  a r id  [ H +] is th e  h y d r o g e n  io n  
c o n c e n tr a t io n  in  th e  d i lu te d  slu rry . T h e  c a l c u l a t i o n  
im p ro v e d  th e  re la t io n  to  th e  M D T  m e th o d ,  g iv in g  
a  re g re ss io n  lin e  ( r  =  0 .9 8 2 ) h a v in g  a  s lo p e  n o t  
d if fe re n t f ro m  ! .0 a t  th e  10%  level, a n d  a n  in t e r c e p t  
n o t d if f e r e n t f ro m  z e r o  (p  =  5%). T h e  s a m p l e  h a s  
to  b e  d ilu te d  to  re d u c e  th e  effec t o f  io n ic  s t r e n g th  
o n  th e  a c t iv ity  o f  th e  a m m o n iu m  io n s .

P r e c i s io n

T h e  p re c is io n  o f  th e  M D T  a n d  th e  A D T  m e th o d s  
w a s  g e n e ra lly  th e  b e s t  o f  th e  m e th o d s  s h o w n  t o  b e  
u s a b le  fo r  d e te r m in a t io n  o f  T A N  in s lu r r y  (T a b le  
3). T h e  p re c is io n  o f  th e  a u to a n a ly z e r  w a s  lo w e r  
th a n  o f  th e  d is t i l la t io n  m e th o d s . T h e  s a m g ? p  p a t -  ^  CT 
te rn  w as see n  in  th e  w o r k  o f  C ro o k e  &  S im p s o n  
( 1 9 7 1 ^ w h o  c o m p a r e d  e s tim a te s  o f T A N  in  K je ld -  f  O'»

•*. EHVci of prcirc2imenl and 
storage period on TAN deiermi- 
r.ation in p:s slurry (upper) and 
canle slurp.' (lower).
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S t o r e d  in Kjeld a h l  flasks, v a t e r  en d  p h o sphoric a c i d  a d d e d .
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a h l d igests d e te rm in e d  w ith  a n  a u t o a n a l y z e r  
m e th o d  a n d  a  m a n u a l  d is t i l la t io n  t i t r a t i o n  m e th o d .

S a m p le  p r e p a r a t io n

F r o m  th e  tim e w h e n  t h e  s a m p le s  w e re  w e ig h e d  
-j o n + t1 |* °  w h i n / th ey  w e re  t r a n s f e r r e d  w ith  w a t e r  t o  th e  

K je ld a h l flasks a n d  d is t i l le d  a n d  t i t r a t e d ,  a  s ig n if i -  
t j r  r  c a n t  (p  =  5% ) a m o u n t  o f  a m m o n iu m  w a s  lo s t  o w in g  

r  its  e v a p o ra t io n f if  t h e  s lu r r y  w a s  s to r e d  f o r  6  m in .  
o r  m o re  in th e  b e a k e r s  (F ig .  4). H o w e v e r ,  w h e n  
th e  sam p les  w ere  t r a n s f e r r e d  to  K je ld a h l  f l a s k s  
th e r e  w as no  s ig n if ic a n t lo s s  o f  T A N  f o r  a t  le a s t
30  m in , even in th e  p re s e n c e  o f  a d d e d  w a te r  w i th  
o r  w ith o u t M gO . T h e  n e c k s  o f  th e  K je ld a h l  f l a s k s  
a p p e a r  to  p ro v id e  a  s u f f ic ie n t  b a r r i e r  to  d i f f u s io n  
to  p re v e n t s ig n if ic a n t lo s s  c o m p a r e d  w i th  t h e  th in  
la y e r  o f l iqu id  in a n  o p e n  b e a k e r .  H o w e v e r ,  s ig n i f i ­
c a n t  loss o f  T A N  c o u ld  b e  o b s e rv e d  e v e n  in  th e  
K je ld a h l flasks o v e r  l o n g e r  p e r io d s ;  th i s  c o u ld  b e  
c o m p le te ly  p re v e n te d  b y  a c id ify in g  t h e  s a m p le s  
w ith  p h o sp h o ric  a c id .  U n d e r  t h e s e  c o n d i t i o n s  
s a m p le s  w e re  s ta b le  f o r  a t  le a s t 4  h  (p  =  5 % ).

C o n c lu s io n s

T h e  a u to m a tic  d is t i l la t io n  t i t r a t i o n  m e th o d  u s in g  
M g O  an d  th e  a u to a n a ly z e r  m e th o d  a r e  a c c u r a t e  
a n d  have a  h igh  p re c is io n  w h e n  u s e d  f o r  a n a l y z in g  
T A N  in s lu rry . T h e  a c c u r a c y  o f  t h e  a m m o n iu m  
e le c tro d e  is n o t h ig h ; to  c a lc u la te  th e  T A N  c o n te n t ,  
th e  p H  o f  th e  d i lu te d  s a m p le  h a s  t o  b e  k n o w n ,  
b e c a u s e  th e  a m m o n ia  c o n te n t  m u s t  b e  c a l c u l a t e d  
a n d  ad d ed  to  th e  a m m o n iu m  c o n te n t  m e a s u r e d .  
T h e  p rec ision  o f  th e  a m m o n iu m  e le c t r o d e  is  n o t  a s  

’ ;_i g o o d  a s Æ s ^ th e  a u to a n a ly z e r  a n d  th e  a u t o m a t i c  
d is t i l la t io n —titr a t io n  u n i t .  S o d iu m  h y d r o x id e  c a n ­
n o t  be  used  fo r th e  t i t r a t i o n ,  s in ce  o r g a n ic  N - c o m -  
p o u n d s  w ill be  h y d ro ly z e d  a n d  w ill in te r f e r e  w 'ith  
th e  analy sis .

T h e re  is a g re a t r i s k  o f  lo ss  o f  a m m o n ia  f r o m  
th e  sam p les  if  th e y  a re  s to r e d  in  th e  b e a k e r s  u s e d  
fo r  w eigh ing . I t is th e r e f o r e  r e c o m m e n d e d  t h a t  t h e  
sa m p le s  sh o u ld  be  a n a ly z e d  im m e d ia te ly .  I f  a  s m a l l

se r ie s  o f  s a m p le s  is p re p a re d  a t  th e  s a m e  t im e ,  t h e r e  
is n o  s ig n if ic a n t risk  o f  a m m o n ia  lo s s  w i th in  30  
m in j]?  th e  s a m p le s  a re  t r a n s f e r r e d  t o  t h e  K je ld a h l  f *p 
f la s k s  w ith  a d d i t io n  o f  75  m l w a te r  a n d  M g O . M g O  
a d d i t io n  to  th e  K je ld a h l f la sk s  s h o u ld  b e  a v o id e d ,  
a n d  a c id if ic a t io n  m a y  b e  usedJT f a  l a r g e  s e r ie s  o f  I / 
s a m p le s  is p re p a re d  a t  th e  sam e  t im e .
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Effects o f Dry M atter Content and Temperature on Ammonia Loss 
from  Surface-Applied Cattle Slurry

S. G .  S o m m e r*  a n d  J. H. O le se n

A B ST R A C T

Effects of increasing dry m atter content in slu rry on N H 3 loss was 
measured with a wind tunnel system , w hereby param eters affecting  
the volatilization can be estim ated  under controlled  con d itions. T he  
effect o f dry matter content on  N H j loss w as m easured  using a slurry 
adjusted to different contents o f  dry m atter. T h e  slurry w as prepared 
by m ixing the fibrous and liquid fractions o f  a  m ech an ica lly  sepa­
rated cattle slurry. SIurTy was applied to a  5  cm  h ig h  grass ley  
(L o liu m  m u lliflo rv m  Lam .) and to barley (H o r t c u m  ru lgarc  L .) at 
a rate of 3 L n r 1. T he content o f  dry m atter varied from  0 .9  to 22%, 
total N  from 2.9 to 4.9 g N  L‘\  T A N  (N H 3 +  N H ;)  from  1.6 to 3.0  
g N  L '1 and pH  from 7 .0  to 7 .9 . T he resu lts  ind icated  that N H ,  
volatilization increased with increasing slu rry  dry m atter content. 
T h e accumulated 6-d loss ranged from 19 to 100%  o f  applied  T A N  
from slurries having a dry m atter content o f  0 .9  and 15.6% , respec­
tively. The accumulated N H 3 loss after 6  h ex p o su re  w as linearly 
related to dry matter content. In the periods o f  6  to  12 h , 12 to 24 
h and 24 h to 6 d the lo ss  was nonlin early related  to dry matter 
content. If the resolts were adjusted for e ffects  o f  p H  and tem per­
ature, N H j loss tended to be sigm oidally  related  to conten t o f  dry 
m atter in all four periods. Therefore, c h a n g es in slu rry dry matter 
content on N H j loss seem ed to be sm all if  th e  dry m atter content 
was higher than 12% or lower than 4%.

Th e  effic ien t u se  o f  in o rg a n ic  N  in  a n im a l ,  m a n u re  
is o f te n  n e g le c te d  in  a g r ic u l tu re .  T h i s  c a n  le a d  to  

g re a t  lo sses  o f  N  d u e  to  N H 3 v o la t i l i z a t io n  f ro m  s ta ­
b le s , m a n u re  s to ra g e s , d u r in g  a p p l ic a t i o n ,  a n d  fro m  
a p p lie d  m a n u re  (K rn s e  e t a l., 1989 ; R y d e n  e t a l .,  1987). 
A m m o n ia  lo s t b y  v o la t i l iz a t io n  h a s  t o  b e  c o m p e n s a te d  
b y  N  fe rti liz e r, in c re a s in g  th e  c o s t  f o r  p l a n t  p ro d u c t io n .  
F u r th e r m o re ,  d e p o s i t io n  o f  N H 3 c a n  b e  d e t r im e n ta l  
to  n a tu ra l  e c o s y s te m s  (v a n  D ijk  e t  a l . ,  1 9 9 0 ; S c h u lze  
e t  a l., 1989).

A m m o n ia  v o la t i l iz a t io n  f ro m  s u r f a c e - a p p l ie d  s lu rry  
c a n  a c c o u n t fo r m o re  th a n  50%  o f  t h e  N H ;  in  m a n u re  
(L o ck y e r  e t a l., 1989; T h o m p s e n  e t  a l . ,  19 8 7 ). W ith in  
th e  first h o u rs  a f te r  a p p l ic a t io n ,  a  s u b s ta n t ia l  lo ss  o f  
N H j  can  ta k e  p la c e  a s  a  lo ss  r a te  o f  12 k g  N H 3- N / h a  
p e r  h o u r  h a s  b e e n  e s t im a te d  (P a in  e t  a l .,  1989 ). T h e  
lo ss  c an  b e  re d u c e d  to  le ss  th a n  2 .5 %  o f  t h e  N H ;  c o n ­
te n t  i f  th e  s lu rry  is in je c te d  (H o f f  e t  a l .,  1 9 8 1 ) o r  N H 3 
lo ss  c an  b e  re d u c e d  b y  a c id ify in g  th e  s lu r ry  p r io r  to  
a p p lic a tio n  (P a in  e t  a l.,  1989).

In  a g r ic u ltu re  th e  e ffo r t to  r e d u c e  N H 3 lo s s  s h o u ld  
b e  w e ig h ed  a g a in s t th e  p o te n t ia l  N H 3 lo s s  r a te  fro m  
th e  s lu rry  a p p lie d . I t  h a s  b e e n  s h o w n  t h a t  p H  o f  s lu rry  
a ffec ts  N H j  lo ss  ( L a u e r  e t  a l., 1 9 7 6 ) a n d  t h a t  th e  lo ss

S.G. Sommer, Askov Exp. Stn., Vejenvej 55, DK-6600 Vejen, Den­
mark; and J.E Olesen, De p. of Agrometeorology, P.O. Box 25, DK- 
8830 Tjele, Denmark. Received 8 Aug. 1990. 'Corresponding 
author.
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ra te  is a ffec ted  b y  c l im a t ic  a n d  so il c o n d i t i o n s  (B e a u ­
c h a m p  e t  a l., 1 9 8 2 ; H o lz e r  e t al., 1988; S o m m e r  e t  a l., 
1991). I t  h a s  b e e n  p ro p o s e d  th a t  th e  h ig h e r  N H 3 lo ss  
fro m  c a ttle , a s  c o m p a r e d  to  p ig  (S u s  s c r o fa  d o m e s i ic u s )  
s lu rry , w as d u e  to  t h e  h ig h e r  d ry  m a t te r  c o n te n t  (P a in  
e t  al., 1990).

In  th is  s tu d y  N H 3 lo s s  w as  re la te d  t o  d r y  m a t te r  
c o n te n t in  c a t t le  s lu r ry ,  a d ju s te d  to  d i f f e r e n t  c o n te n ts  
o f  d ry  m a tte r .  T h e  s lu r ry  w as p r e p a r e d  m ix in g  th e  
fib rous  a n d  l iq u id  f r a c t io n  o f  a  m e c h a n ic a l ly  s e p a ra te d  
s lu rry . T h e  e x p e r im e n ts  w ere  c o n d u c te d  f r o m  M a y  
1989 to  N o v e m b e r  19 8 9  g iv in g  a  v a r ia t io n  in  c l im a tic  
co n d itio n s .

MATERIALS A ND M E T H O D S
W ind Tunnel

A m m onia loss w as m easured  using a w in d  tu n n e l system  
designed like the  system  described by L ockyer (1984). The 
four w ind tunnels  each  consist o f an  in v e rte d  U -shaped  
transparent p o lycarbonate  shell covering th e  ex p erim en ta l 
plot (2 m by 0.5 m  =  1 m J) and a circular s teel d u c t housing  
a  fan driven  by an  e lectric  powered engine. T h e  steel duct 
was 2 m  long and  h a d  a  d iam eter o f  0.4 m , a n d  th e  highest 
point o f  the tra n sp a ren t tu n n e l was 45 cm a b o v eg ro u n d . The 
steel duct was e q u ip p ed  w ith a  vane a n em o m ete r h ead , tha t 
m easured w ind speed  w ith in  the tunnel. S ignals  from  the 
four anem om eters w ere scanned at 1 m in  in te rv a ls  and  
stored as hourly  m ean s  on  a data  logger.

After passing the  experim ental plot an d  th e  fan , th e  a ir 
stream  was sam pled n e a r  the outlet o f  the  s teel d u c t w ith  a 
diaphragm  suction  p u m p . T he pum ps drew  th e  a ir  th rough  
100-mL absorp tion  flasks fitted with a s in te red  glass d is tri­
bution tube. T he  flask con ta ined  50 m L o f  0 .005  M  H jP O ,. 
A m m onia in the a ir  w as trapped in the p h o sp h o ric  acid  and 
subsequently d e te rm in e d  colorim etrically w ith  an  indo- 
phenol reaction.

For each tu n n e l th e re  was a gas-trapping u n it  consisting  
o f four absorp tion  flasks. A program m able m ag n e tic  valve 
control au tom atically  sw itched each ab so rp tio n  flask on  and  
off at preselected in te rv a ls . D uring the first 2 d  a f te r  m anure  
application N H , w as collected for periods o f  6 h; d u rin g  the 
following 4 d N H 3 co llection  periods were 24 h long.

Meteorological D ata

Air tem perature  w as recorded at an a u to m a tic  c lim a te  sta­
tion a t the research s ta tio n  Askov (55°28 'N , 9 ° 0 7 ’E), w here 
the experim ents w ere conducted . Air tem p e ra tu re  w as m eas­
ured a t a height o f  2 m  in a standard screen (O lesen , 1988).

Calculations o f  A m m o n ia  Loss

Each experim ental tria l included one u n tre a te d  reference 
plot (control) for m easu rem en ts  o f  background a ir  N H j con­
centrations and  tw o  to  th ree  slurry-treated p lo ts . F o r  a given 
period, background N H 3 concentrations w ere  sub tracted  
from those ob ta ined  fo r treated plots:
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J =  A X V X 3600 X (N H *  -  N H 3i) 

where:
J  =  N H , loss, g N H , - N / h
A =  area of sieel d uc t, m 2
V =  wind speed, m /s

N H j, =  N H j concem ralion  in a ir  from  an  experim en tal
tunnel, g N H j — N /m 5 

N H j, =  N H , concentration  in a ir  fro m  th e  reference tun- 
nei, g N H j—N /m 3 

In  an earlier experim ent (C hris tensen  a n d  S o m m er, 1989) it 
w as found that mean recovery  o f  N H j vo la tiliz e d  from  a n ­
im al slurry was 74% (C V  =  9.7%). T h ere fo re , resu lts ob­
ta ined  by the wind tunnel system  w ere co rre c ted  by the  factor 
100/74 to  correct for recovery  percen tages.

Slurry Analysis

Total amm oniacal N  (N H j +  N H ;; T A N ) co n ten t o f  the 
s lu rry  was determined by  d irec t d is tilla tio n  o f  th e  N H , w ith 
light MgO and CuSO*, collection  o f  N H 3 in  b o ric  ac id -in - 
d ica to r solution, and titra tio n  w ith  s ta n d a rd  HC1 solu tion .

T a b le  1. Characteristics o f th e  slurries u sed  in th e  experim ents.

Exp.
no.

Tunnel Exp. 
no. period

Dry
maner Total N  TAN* pH

% ------ g N /L --------

1 1 May-June 1989 22 4.9 1.6 7.0
1 2 May-June 1989 0.9 2.9 2.5 7.1
2 I June 1989 0.9 2.9 2.5 7.0
2 2 June 1989 22 4.9 1.6 7.1
3 1 Aug. 1989 6.9 3.1 1.7 7.4
3 2 Aug. 1989 4.1 3.3 2.2 7.5
3 3 Aug. 1989 3.6 3.7 2.6 7.8
4 1 Oct. 1989 2.8 3.9 2.7 7.7
4 2 Oct. 1989 8.2 4.2 2.8 7.6
4 3 Oct 1989 15.6 4.9 2.9 7.9
5 1 Oct.-Nov. 1989 2.8 3.9 2.7 7.7
5 2 Oct.-Nov. 1989 8.2 4.2 2.8 7.6
5 3 Oct.-Nov. 1989 15.6 4.9 2.9 7.9
6 1 Nov. 1989 5.2 4.4 3.0 7.7
6 2 Nov. 1989 6.0 4.3 2.9 7.7
6 3 Nov. 1989 10.0 4.6 2.9 7.6
7 1 Nov. 1989 5.2 4.4 3.0 7.7
7 2 Nov. 1989 6.0 4.3 2.9 7.7
7 3 Nov. 1989 10.0 4.6 2.9 7.6

t  TAN: NH, + NH:.

T ab le 2. Ammonia loss, wind speed , and m ean clim a tic  conditions 
during the experiments.

Exp.
no.

Mean wind 
Tunnel speed in 

no. tunnel

Air temp. Accum. NH J loss

6 h 12 h 6 d 6 h 12 h 6 d

1

m/s

1 3.4 9.9

—  °C —  

9.3 9.7

------ % o f T A N -------

58.6 68.0 97.4
1 2 3.4 9.3 9.7 4.5 5.4 19.0
2 1 3.6 15.0 12.9 13.1 4.8 6.6 26.3
2 2 3.8 15.0 12.9 13.1 31.0 37.3 72.5
3 1 3.2 19.6 17.6 15.9 23.8 30.1 56.5
3 2 2.8 19.6 17.6 15.9 15.3 18.5 42.0
3 3 2.8 19.6 17.6 15.9 6.8 n . i 29.6
4 1 3.6 11.7 11.7 10.5 1.6 4.6 25.1
4 2 3.7 11.7 11.7 10.5 2.5 12.3 38.0
4 3 3.4 11.7 11.7 10.5 19.0 31.1 80.5
5 10.3 8.5 7.9 12.9 18.6 39.9
5 2 1.1 10.3 8.5 7.9 18.5 27.3 64.2
5 3 3.4 10.3 8.5 7.9 35.9 51.2 111.4
6 1 3.3 6.0 1.5 9.7 15.1 38.4
6 2 3.1 6.0 1.5 10.7 17.9 44.0
6 3 3.2 6.0 1.5 24.7 39.3 86.8
7 1 3.3 1.4 0.5 7.1 13.3 40.7
7 2 3.1 1.4 0.5 6.3 12.7 45.5
7 3 3.2 1.4 0.5 13.3 25.0 71.1

Total N  was analyzed using the  K jeldahl m e th o d  a n d  a  Te- 
cator K jeltec A uto 1030 analyzer. D ry  m a tte r  co n te n t was 
determ ined gravim etrically  and  slurry  bu lk  pH  w ith  a s ta n ­
dard  electrode (R adiom eter).

Slurries

Table 1 gives characteristics o f  the c a ttle  s lu rries used  in 
the study. T he slurries were m ade  by m ix ing  th e  fibrous and  
liquid fractions o f a m echanically  separated  cattle  s lu rry  in 
different p roportions resulting  in con ten ts  o f  d ry  m a tte r  rang ­
ing from 0.9 to 22%. In slurry, pH  varied  from  7.0 to  7.9, 
TAN concen trations from  1.6 to  3.0 g N  L ' 1 an d  to ta l N 
from 2.9 to  4.9 g N  L '1.

N ineteen experim ental tria ls  were co n d u cted . T h e  slurry  
was surface-applied a t a  rate o f  3 L n r 2 to  th e  ex perim en tal 
plot having an  area o f  1 m J. In  the  experim en ts  d u rin g  M ay 
and June slurries were app lied  to  barley  (H o rd eu m  vulgare  
L.) (20 cm ) and  in the  experim en ts d u rin g  A ugust to  N o­
vem ber, slurries were applied  to  a 5 cm  high grass ley (L o t- 
ium  m uhiflorum  Lam .). T he soil was a sandy  loam  w ith  10% 
clay and  2.7% organic m atter.

R E S U L T S  A N D  D I S C U S S I O N  

A m m o n ia  L o s s

T h e  m e a s u re d  N H 3 lo sse s , w in d  s p e e d  a n d  th e  a ir  
te m p e ra tu re s  d u r in g  th e  e x p e r im e n ts  a re  l is te d  in  T a b le
2. I t  h a s  b e en  sh o w n  th a t  d iffe ren c e s  in  te m p e r a tu r e  
m e a su re d  in s id e  th e  tu n n e l  a n d  a m b ie n t  te m p e r a tu r e s  
w ere less  th a n  1 °C  (S o m m e r  e t  a l., 1991 ; R y d e n  a n d  
L ockyer, 1985). T h e re fo re , a m b ie n t  te m p e r a tu r e s  c an  
be  u sed  fo r  th e  in te rp r e ta t io n  o f  th e  m e a s u re d  N H 3 lo ss.

R esu lts  fro m  th e  e x p e r im e n ts  s h o w e d  th a t  m o r e  th a n  
h a lf  th e  to ta l  N H 3 lo ss  f ro m  th e  c a t t le  s lu r ry  o c c u r re d  
d u rin g  th e  first d ay , w h ic h  w as  s im i la r  to  r e s u lts  re ­
p o rte d  e lsew h ere  (S tev e n s  a n d  L o g a n , 1987; T h o m p s o n  
e t  a l . ,  1 9 8 7 ) ,  a n d  is  i l l u s t r a t e d  in  F i g u r e  1 f o r  
E x p e rim en ts  3 a n d  4. V o la ti l iz a tio n  o f  N H 3 w e re  lo w  
from  th e  s lu rrie s  w ith  a  d ry  m a t te r  c o n te n t  o f  2.8  a n d

Clays from s t a r t  of exp e r im e n t
Fig. 1. Accum ulated N H j loss in percent o f  applied T A N  in slurry 

for Experim ents 3 and 4.
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8 .2%  in  E x p e rim en t 4  d u r in g  th e  f ir s t  6 h .  T h i s  c a n n o t  
b e  e x p la in e d  by  low  te m p e ra tu re s  o r  th e  c o m p o s i t io n  
o f  th e  slu rry , a n d  is p ro b a b ly  a n  e ffec t o f  so il c o n d i t io n s .

E ffec t o f D ry  M a t t e r  C o n te n t

T h e  effect o f  s lu rry  d r y  m a t t e r  c o n te n t  o n  N H 3 lo ss  
o v e r  fo u r  l im e  p e r io d s  is  i l lu s t r a te d  in  F ig . 2 . th e  a c ­
c u m u la te d  N H 3 loss w i th in  th e  f i r s t  6 h  s e e m e d  to  
in c re a se  lin e a rly  w ith  in c re a s in g  d r y  m a t t e r  c o n te n t .  
T h e  s c a tte r in g  o f  th e  r e s u lts  w a s  p r o b a b ly  d u e  to  c li­
m a t ic  c o n d itio n s  b e in g  im p o r t a n t  in  t h i s  p e r io d  (S o m ­
m e r  e t al., 1991). A fte r  th e  f ir s t 6 h  c o l le c t i o n  p e r io d  
a n d  a t  low  d ry  m a tte r  c o n te n ts ,  t h e r e  s e e m e d  to  b e  a  
l in e a r  re la tio n s h ip  b e tw e e n  s lu r ry  d r y  m a t t e r  c o n te n t  
a n d  a c c u m u la te d  N H 3 lo ss . A t h ig h  d r y  m a t t e r  c o n ­
te n ts  th e  re la tio n s h ip  s e e m s  to  b e  n o n l in e a r .  T a b le  3 
s h o w s  e s tim a te d  first o r d e r  a n d  s e c o n d  o r d e r  p o ly ­
n o m ia ls  d e sc rib in g  th is  r e la t io n s h ip .  T h e  e s t im a te d  
c u rv e s  a re  a lso  sh o w n  in  F ig . 2.

A m m o n ia  lo ss  d u r in g  f o u r  p e r io d s  w e re  s tu d ie d :  0 
t o  6 h , 6 to  12 h , 12 to  24  h , a n d  2 4  h  to  6 d  (F ig . 3). 
A m m o n ia  lo ss  (L ) d u r in g  th e s e  p e r io d s  w a s  f ir s t  e x ­
p re s s e d  as p e rc e n t o f  in i t ia l  T A N  c o n te n t  in  t h e  s lu rry . 
T h i s  m ay , h o w e v er , h a v e  in t r o d u c e d  s o m e  e r r o r s  fo r  
t h e  la te r  t im e  p e rio d s , a s  s o m e  o f  t h e  N H 3 h a d  a lre a d y  
b e e n  lo s t b y  v o la ti l iz a tio n  in  p r e v io u s  p e r io d s .  A m ­
m o n ia  loss (L *) d u r in g  a n y  p e r io d  s h o u ld  b e  e x p re s s e d  
a s  p e rc e n t o f  th e  T A N  c o n te n t  a t  th e  b e g in n in g  o f  th a t  
p e r io d  (S o m m e r e t a l., 1991). U s in g  t h e  m e a s u r e d  lo ss  
r a te s  in  th e  p re c ed in g  p e r io d  fo r  c a l c u la t in g  th e  T A N  
c o n te n t  in  s lu rry  m ay , h o w e v e r ,  i n t r o d u c e  s o m e  e r ro r s  
a s  th e  v a ria b il i ty  in  m e a s u re d  N H 3 lo s s  w ill in c re a s e  
w ith  t im e . S u ch  e r ro rs  w o u ld  b e  e x p e c te d  p a r t ic u la r ly  
a t  h ig h  d ry  m a tte r  c o n te n ts ,  w h e re  o n ly  s m a l l  a m o u n ts  
o f  T A N  w ere  left in  th e  s lu r ry  a f te r  2 4  h . T h e  v a r ia ­
b il i ty  o f  e s tim a te s  m a y  b e  r e d u c e d —a n d  th e  g e n e ra l 
v a l id i ty  o f  o b s e rv a t io n s  e n h a n c e d —i f  th i s  a n a ly s is  is

Fig. 2. Accum ulated N H j loss in percent o f  T A N  in applied cattle  
slurry related to slurry dry m atter con ten t for four tim e periods.

b a se d  o n  a ll n o rm a liz e d  d a ta , w h ich  a r e  s u m m a r iz e d  
in  F ig . 2  a n d  re p re s e n te d  by  th e  e q u a t io n s  f o r  a c c u ­
m u la te d  lo ss  in  T a b le  3. U sin g  th ese  e q u a t io n s  to  c a l­
c u la te  c u m u la t iv e  p e rc en tag e  loss (L a) u p  to  th e  b e ­
g in n in g  o f  a  g iv en  p e r io d , th e  N H 3 lo ss  r a te  d u r in g  th e  
p e r io d  (L *) is th e n  e x p re sse d  as p e rc e n t lo s s  o f  T A N  
re m a in in g  a t  th e  b e g in n in g  o f  e ach  p e r io d :

L *  =  100 1 /(1 0 0  -  L a) [ 1]

w h e re  L *  is  th e  c a lc u la te d  N H 3 lo ss  ra te  in  t h e  p e r io d ,  
L„ is th e  lo ss  o f  N H 3 u n t i l  th e  b e g in n in g  o f  t h e  p e r io d ,  
a n d  L  is  th e  N H 3 lo s s  in  th e  p eriod .

T h e  re s u lt in g  e s t im a te s  o f  L*  a re  r e la te d  t o  s lu r ry  
d ry  m a t t e r  c o n te n t  (F ig . 3). T h e  g iv en  f ig u re s  a r e  p e r ­
c e n t lo s s  (in  p e rc e n t o f  in itia l T A N  o f  t h e  p e r io d s )  
o v e r  f o u r  t im e  p e r io d s . D u rin g  a ll fo u r  p e r io d s  th e re  
is  a  s ig n if ic a n t effec t (P  =  0 .05) o f  d ry  m a t t e r  c o n te n t .  
In  th e  p e r io d  0  to  6 h  th e re  w as a  l in e a r  in c r e a s e  in  
th e  N H 3 lo ss  w h e n  d ry  m a tte r  c o n te n t w a s  in c re a s e d  
f ro m  0 .9 4  to  22% . T h e re  w as n o  in c re a se  in  N H 3 lo ss  
i f  d ry  m a t te r  c o n te n t  in  th e  s lu rry  w a s  in c r e a s e d  to  
a b o v e  10%  fo r  th e  p e r io d s  6 to  12 h  a n d  2 4  h  to  6 d  
a n d  a b o v e  15% fo r  th e  p e r io d  12 to  2 4  h .

E n v iro n m e n ta l  F a c to rs

T h e  re la t io n s h ip  b e tw e e n  N H 3 lo ss  a n d  c o n te n t  o f  
d ry  m a t te r  c o u ld  p e rh a p s  b e  seen m o re  c le a r ly  i f  e ffec ts

Table 3 . Regression equations between accumulated N H j  lo ss  as 
percent o f T A N  in slurry ( L J  at different time in tervals and slurry 
dry m atter content (Z)); 19 observations.

Regression equation Ä* RMSE

0 to 6 h: L . -  1.0 +  I.8SD 0.697 8.0
0 to 12 h: L .  -  3.0 +  2.80Z) -  0 .02403 0.753 8.7
0 to 24 h: L ,  -  0.0 +  5.70D  -  0.1270* 0.761 11.0
0 to 6 d: L .  -  8.8 +  8 .140 -  0.2030» 0.813 12.0
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T ab le 4. Equations used for describ ing the relation  betw een loss rate 
(2,*) and mean air tem perature (T )  during four tim e periods. Equa­
tions are adapted from S om m er et al. (1991 ) .t___________________

Equation

0  to 6 h:
L mt -  13.0 +  0.031 exp (0.375 T ) for 7* <  15 °C
L \  -  0.5 +  1.687“ for 15 eC <  T  <  25 °C

6 to 12 h:
L \  -  5.2 +  0.7127"

12 to 24 h:
L*t -  -5 8 .5  +  9.32 pH -  0 .287; +  0.607*

24 h to 6 d:
L \  -  23.6 +  1.197"

t  L m, » N H , volatilization rate in percent of slurTy TAN conieot at the be­
ginning of the period; T  -  the mean temperature during the period, °C; T, 
“  the mean temperature from start o f the experiment until the beginning 
of the period.

o f  o th e r  fac to rs  o f  im p o r ta n c e  a re  e l im in a te d .  T h e  d e ­
p e n d e n c e  o f  N H 3 v o la t i l iz a t io n  o n  a i r  t e m p e r a tu r e  a n d  
o n  th e  p H  o f  th e  s lu r ry  h a s  b e e n  e x p re s s e d  a n a ly tic a lly  
f o r  th e  fo u r  tim e  p e r io d s ,  b a s e d  o n  th e  a n a ly s is  o f  
e a r l ie r  w in d  tu n n e l e x p e r im e n ts  b y  S o m m e r  e t  a l. 
(1 9 9 1 ). T h ese  e q u a t io n s  a re  s h o w n  in  T a b le  4 , a n d  th e  
e ffec t o f  a ir  h u m id i ty  is  n o t  q u a n t i f ie d  b e c a u s e  i t  h a s  
b e e n  sh o w n  to  be  o f  l i t t l e  im p o r ta n c e  c o m p a r e d  w ith  
te m p e ra tu re  an d  p H  e ffe c ts  (S o m m e r  e t  a l.,  1991). T h e  
e q u a t io n s  fo r th e  p e r io d  f ro m  0  to  6 h  d o  n o t  m a tc h  
th e  e q u a t io n  p re s e n te d  b y  S o m m e r  e t  a l. (1 9 9 1 ) . A t 
te m p e ra tu re s  from  15 to  2 5  °C , a  l in e a r  r e la t io n s h ip  
b e tw e e n  v o la tiliz a tio n  r a te  a n d  t e m p e r a tu r e  (T a b le  4 ) 
g iv e s  a  b e tte r  p re d ic tio n , b e c a u s e  t h e r e  a r e  s m a ll  v a r ­
ia t io n s  in  th e  coeffic ie n t o f  in c l in a t io n  fo r  t h e  r e la t io n  
b e tw e e n  N H 3 loss a n d  te m p e r a tu r e  in  th i s  t e m p e r a tu r e  
in te rv a l.

W ith  th e  a s s u m p tio n  th a t  e ffec t o f  d r y  m a t te r  c o n -

F ig . 4. Calculated dry m atter factor If )  during four period s related  
to  slurry dry matter con ten t. F  was ca lcu lated  by dividing the  
observed loss rate by the lo ss  rate estim ated  using the equations  
shown in Table 4, thereby correcting  for c lim atic  and pH  effects.

t e n t  (£>) a n d  e n v iro n m e n ta l  fa c to rs  a re  m u l t ip l ic a t iv e ,  
th e  fo llo w in g  re la tio n s h ip  ex ists :

F  =  f ( D ) =  L ' / L ]  [2]

T h e  d ry  m a tte r  fu n c tio n  (F )  c a n  b e  c a lc u la te d  b y  
d iv id in g  th e  o b s e rv e d  loss ra te s  (L * )  b y  th e  lo s s  r a te s  
(L ’) e s t im a te d  u s in g  th e  e q u a t io n s  in  T a b le  4 w h e re b y  
e ffec t o f  te m p e ra tu re  a n d  p H  w as  e x c lu d e d . F ig u r e  4 
s h o w s  th is  e s t im a te d  d ry  m a t te r  f u n c t io n  v s . s lu r r y  
d r y  m a t te r  c o n te n t. C o m p a rin g  F ig . 4 w ith  F ig . 3, th e  
v a r ia t io n  in  th e  o b s e rv a tio n s  w as  n o t  r e d u c e d  b y  c o r ­
r e c t io n s  fo r  te m p e ra tu re  a n d  p H  effec ts . F o r  th e  p e r io d  
f r o m  12 to  24 h  th e re  is a  le ss  p ro n o u n c e d  d e c r e a s e  
in  lo s s  ra te  c a lcu la te d  w ith  th e  d r y  m a t t e r  fu n c t io n  
(F ig . 4), th a n  th e  m e a su re d  lo ss  r a te  (F ig . 3) w h e n  
s lu r ry  d ry  m a tte r  c o n te n t in c re a s e d  f r o m  15 to  2 2 %. 
T h is  w a s  m a in ly  d u e  to  th e  p H  e ffec t, w h ic h  w a s  i n ­
c lu d e d  in  th e  e q u a t io n  fo r L'c in  th i s  t im e  p e r io d .

A fte r  h a v in g  e x c lu d ed  effects o f  te m p e r a tu r e  a n d  p H  
th e  e s t im a te d  N H 3 loss ex p re sse d  a s  F ( F ig . 4 ) s u g g e s ts  
th e  s a m e  s ig m o id a l re la tio n s h ip  b e tw e e n  lo s s  r a t e  a n d  
d ry  m a t te r  c o n te n t,  fo r all f o u r  t im e  p e r io d s .

O b s e rv a t io n s  fro m  all fo u r t im e  p e r io d s  w e re , th e r e ­
fo re ,  p o o le d  in  th e  d e te rm in a t io n  o f  a  lo g is tic  ty p e  
e q u a t io n  to  d e sc rib e  th e  d ry  m a t te r  f u n c t io n .  T h e  p a ­
ra m e te r s  in  th e  log is tic  e q u a t io n  w e re  e s t im a te d  u s in g  
th e  N L I N  p ro c e d u re  in th e  SA S  s ta t i s t ic a l  p a c k a g e  
(S A S  In s t . ,  1988) re su ltin g  in  th e  fo llo w in g  e q u a t io n s :

F  =  0 .3 8  +  0 .0 14 /[0 .0086  +  1.66

e x p ( - 0 .6 5 4  D)] [3]

w h e re  D  is  s lu rry  d ry  m a tte r  c o n te n t  ( in  p e rc e n t) .
T h is  e s t im a te d  log istic  fu n c tio n  is  s h o w n  in  F ig . 4. 

I t  su g g es te d  th a t  th e  m a in  effect o f  d r y  m a t t e r  c o n te n t  
o c c u r re d  in  th e  in te rv a l fro m  4  to  12% . I f  d ry  m a t t e r  
c o n te n t  w as  h igh  o r  low , v a r ia t io n s  in  d r y  m a t t e r  c o n ­
t e n t  re s u lte d  o n ly  in  m in o r  c h a n g e s  in  N H 3 lo ss . T h i s  
w a s  p ro b a b ly  d u e  to  sm all c h a n g e s  in  w a te r  r e te n t io n  
c a p a c i ty  o f  s lu rry  a t  d ry  m a t te r  c o n te n t s  lo w e r  t h a n  
4%  a n d  h ig h e r  th a n  12%. T h is  w ill r e s u l t  in  s m a l l  
c h a n g e s  in  in f i ltra tio n  o f  T A N  in to  th e  so il w ith  
c h a n g e s  in  d ry  m a tte r  c o n te n t in  th e s e  in te rv a ls .

E q u a t io n s  [2] a n d  [3] a n d  th e  e q u a t io n s  in  T a b le  4

M e a s u r e d  a c c u m u l a t e d  loss. % of T A N

Fig. 5. Estim ated compared with measured accum u lated N H 3 lo ss  
during 6 d in percent o f  applied slurry T A N  con ten t. T h e  e s ti­
m ated values were calculated using the equation s show n in T ab le  
4 and Eq. (2] and [3].
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c a n  b e  u s e d  to  e s tim a te  th e  N H 3 lo s s  d u r in g  th e  e n t i r e  
p e r io d  f ro m  0  to  6 d . In  Fig. 5 th e s e  e s t im a te d  re s u l ts  
a re  re la te d  to  m e a su re d  a c c u m u la te d  N H 3 lo s s . T h e  
e s t im a te d  v a lu e s  ex p la in e d  72%  o f  t h e  v a r i a t i o n  in  th e  
m e a s u re m e n ts ,  w h ich  w as s lig h tly  le ss  t h a n  th e  8 1%  
o b ta in e d  w ith  th e  q u a d ra t ic  e q u a t io n  s h o w n  in  T a b le
3. T a k in g  th e  te m p e ra tu re  a n d  s lu r r y  p H  in to  a c c o u n t  
d id  n o t  im p r o v e  th e  re la t io n s h ip  b e tw e e n  N H 3 lo s s  
a n d  d ry  m a t te r  c o n te n t.

C O N C L U S IO N

A m m o n ia  lo sses  fro m  0 to  6 h , 0  to  12 h ,  0  to  24  h , 
a n d  0  h  to  6 d  w ere  s tu d ied . T h e  N H 3 lo s s  f ro m  0  to
6 h  w as l in e a r ly  re la ted  to  c o n te n t o f  d ry  m a t te r ,  w h ile  
th e  re la t io n s h ip  in  th e  fo llow ing  p e r io d s  w a s  n o n l in e a r .  
T h e  s lu rry  w ith  a  h igh  c o n te n t o f  d r y  m a t te r  h a d  a  lo w  
p H , b u t  in te ra c tio n  o f  a c id ity  o n  N H 3 lo s s  w a s  o n ly  
p a rtly  th e  re a s o n  fo r th e  n o n lin e a r  re la t io n s h ip .

T h e  effec t o f  te m p e ra tu re  a n d  p H  w a s  e l im in a te d  
c a lc u la tin g  a  d ry  m a tte r  fu n c tio n , r e la t in g  lo s s  r a te  to  
c o n te n t  o f  d ry  m a tte r  in  th e  p e r io d s  0  to  6  h ,  6 to  12 
h , 12 to  24  h , a n d  24  h to  6 d. T h e  c a lc u la t io n s  in c lu d e d  
te m p e ra tu re  fro m  all fo u r  p e r io d s  a n d  p H  in  th e  p e r io d  
fro m  12 to  24  h . T h is  t r a n s f o r m a t io n  o f  d a t a  s h o w e d  
th a t  N H 3 lo ss  te n d e d  to  b e  s ig m o id a lly  r e la te d  to  d ry  
m a t te r  c o n te n t  in  all fo u r  p e r io d s . T h i s  in d ic a te d  th a t  
a t  lo w  a n d  h ig h  c o n te n ts  o f  d ry  m a t te r ,  s m a l l  c h a n g e s  
in  d ry  m a t te r  c o n te n t  h a d  a  l im ite d  in f lu e n c e  o n  N H 3 
lo ss. A t d ry  m a tte r  c o n te n ts  f ro m  4  to  12%  N H 3 lo s s  
in c re a s e d  a s  d ry  m a tte r  c o n te n t  in c re a s e d .

T h e  a c c u m u la te d  loss o v e r  6 d  w a s  p r e d ic te d  w ith  
tw o  m o d e ls  c a lc u la tin g  th e  N H 3 lo s s  in  fo u r ,  p e r io d s .  
W ith  th e  m o d e l  b a se d  o n  d ry  m a t t e r  c o n te n t ,  81%  o f  
th e  v a r ia t io n  in  th e  N H 3 lo ss  m e a s u r e d  in  th e  e x p e r ­
im e n ts  w as  id e n tif ie d . W ith  a  m o d e l  b a s e d  o n  p H , 
te m p e ra tu re ,  a n d  d ry  m a tte r  c o n te n t ,  72%  o f  th e  m e a s ­
u re d  N H 3 lo ss  w as id en tif ie d . T h is  s h o w s  t h a t  m o re  
w o rk  h a s  to  b e  d o n e  b e fo re  th e  e ffec t o f  in te r a c t io n  o f  
c lim a tic  c o n d i t io n s  a n d  c o m p o s i t io n  o f  s lu r ry  c a n  b e  
e x p la in e d . T h e  a s s u m e d  s im p le  m u l t ip l i c a t io n  o f  th e s e  
tw o  effec ts  d o e s  n o t seem  to  be  a d e q u a te  in  d e s c r ib in g  
th is  in te ra c t io n .
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Effects of temperature, wind speed and air humidity on 
ammonia volatilization from surface applied cattle 

slurry
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(R evised  M S  received  8 Novem ber 1990)

S U M M A R Y

A m m o n ia  lo sses  f ro m  s u r fa c e -a p p l ie d  c a t t le  s lu r ry  w e re  m e a s u re d  u n d e r  field  c o n d itio n s  u s in g  a  w in d  
tunnel sy stem  th a t  a llo w s  v a r ia b le s  a f fe c tin g  a m m o n ia  lo ss  to  be e x a m in e d  u n d e r  c o n tro l le d  
co n d itio n s . T h e  e x p e r im e n ts  w e re  c a r r ie d  o u t  o n  a  s a n d y  so il w ith  seven  d iffe re n t su rfa c e  c o v e rs . T h is  
rep o rt c o n s id e rs  th e  effec t o f  w in d  s p e e d ,  te m p e r a tu r e  a n d  w a te r  v a p o u r  d e fic it o n  th e  a m m o n ia  lo ss  
over a series o f  6- d a y  p e rio d s . D u r in g  O c to b e r  1986 to  N o v e m b e r  1989 42  t r e a tm e n ts  w ere  e x a m in e d , 
using s lu rrie s  ta k e n  fro m  th e  s a m e  s lu r r y  ta n k  to  p ro v id e  s lu rrie s  o f  s im ila r  c h em ica l c o m p o s i t io n .

W hen te m p e ra tu re s  w ere  n e a r  z e ro , th e  ra te  o f  a m m o n ia  lo ss  w as g e n e ra lly  low . T h e  a c c u m u la te d  
loss over 6 d a y s  w as  h ig h , h o w e v e r ,  b e c a u s e  th e  r a le  o f l o s s  w as  c o n s ta n t  th r o u g h o u t  th e  p e r io d . In  
these e x p e r im e n ts  th e  so il w as  s a tu r a t e d  w ith  w a te r  a n d  p a r t ly  fro zen , a n d  th e  in f i l tra t io n  o f  s lu r ry  
in to  the  soil r e d u c e d .  A t 19 °C  in i t ia l  lo ss  ra te s  w e re  h ig h  b u t ,  a f te r  12 h , a lm o s t n o  f u r th e r  lo ss  
occu rred . A p a r t  f ro m  th e se  e x tre m e s , t h e  a m m o n ia  lo s s  r a te s  w ith in  th e  in itia l 24 h w ere  s ig n if ic a n tly  
affected by te m p e r a tu r e  a n d  w in d  s p e e d .

A m m o n ia  v o la t i l iz a t io n  a f te r  6 h w a s  e x p o n e n t ia l ly  re la te d  to  te m p e ra tu re  ( r  =  0-841) b u t  th e  
c o rre la tio n  w e a k e n e d  w ith  tim e  a f te r  s lu r ry  a p p l ic a t io n .  A n  in c re a se  in a m m o n ia  v o la ti l iz a tio n  w ith  
increasing  w a te r  v a p o u r  p re s s u re  d e fic it  w as  c o n s id e re d  to  be  a n  effect o f  te m p e ra tu re .

The a m m o n ia  lo ss  ra te  in c re a se d  w h e n  w in d  s p e e d s  in c re a s e d  up  to  2-5 m /s .  N o  c o n s is te n t in c re a se  
in am m o n ia  v o la t i l iz a t io n  w as  fo u n d  w h e n  th e  w in d  s p ee d  in c re a se d  fro m  2-5 to  4 m /s .  A m m o n ia  lo ss  
afte r 24 h in c re a se d  w ith  in c re a s in g  in i t ia l  p H  o f  th e  s lu rry .

A tw o -s tag e  p a t te r n  fo r  a m m o n ia  v o la t i l iz a t io n  f ro m  s lu r ry  is p ro p o s e d . D u r in g  th e  first s ta g e  ( th e  
initial 24 h) a m m o n ia  lo ss  ra te  is h ig h  d u e  to  a n  e le v a te d  p H  a t th e  s lu rry  su rfa c e  fo llo w in g  
ap p lic a tio n , a n d  te m p e ra tu re  s ig n if ic a n t ly  a ffec ts  th e  lo ss  ra te .  In  th e  n e x t s ta g e , p H  d e c lin es  a n d  th e  
ra te  o f  a m m o n ia  v o la t i l iz a t io n  d e c r e a s e s .  D u r in g  th is  s ta g e  o th e r  fa c to rs , in c lu d in g  th e  d ry  m a t te r  
co n ten t o f  th e  s lu r ry , c o n tro l  th e  r a te  o f  a m m o n ia  lo ss.

I N T R O D U C T I O N

T h e  gaseous loss o f  a m m o n ia  h a s  d ir e c t  im p lic a t io n s  
fo r  the  efficient use o f  th e  n itro g e n  in a n im a l  m a n u re .  
T h e  em ission o f  a m m o n ia  fro m  a n im a l  m a n u re s  
rep resen ts  the  m o s t im p o r ta n t  s o u rc e  o f  a tm o s p h e r ic  
a m m o n ia  in E u r o p e  (B u ijs m a n  e t al. 1987 ), a n d  
d e p o sit io n  o f  a m m o n ia  m a y  d e t r im e n ta l ly  a ffec t 
n itro g en -lim ite d  n a tu r a l  e co sy s tem s  ( R o e lo f s  1986). 
In  D e n m ark , th e  u se  o f  a n im a l m a n u r e  h a s  th e re fo re  
been  regu lated  by  law . S lu r ry  a p p lie d  to  b a r e  so il h a s  
to  be  in c o rp o ra te d  in to  th e  so il w ith in  I 2 h , an d  
s to ra g e  facilities h a v e  to  m ee t c e r ta in  s ta n d a r d s .

E a rly  D an ish  re s e a rc h  c a r r ie d  o u t  d u r in g  th e  1920s 
a n d  1930s d e m o n s t ra te d  s ig n if ic a n t lo s s  o f  a m m o n ia

f ro m  a n im a l m a n u re s  le ft o n  th e  soil s u rfa c e .  A l th o u g h  
th e  lo s se s  c o u ld  be  re la te d  to  th e  g e n e ra l  w e a th e r  
c o n d i t io n s ,  th ey  w ere  fo u n d  to  be h ig h ly  v a r ia b le  d u e  
to  in te r a c t io n s  b e tw e e n  th e  v a r io u s  c lim a tic  c o n ­
d i t io n s ,  m a n u re  c h a ra c te r is t ic s  a n d  m a n u re  h a n d l in g  
(see  re v ie w  by C h r is te n se n  1986). R e c e n t s tu d ie s  (e .g . 
P a in  e t al. 1989) h a v e  a lso  sh o w n  th a t  th e  p r o p o r t io n  
o f  a m m o n ia  lost f ro m  s lu rr ie s  w ith in  a  few  h o u r s  
v a r ie s  c o n s id e ra b ly .

T o  re d u c e  a m m o n ia  lo sses  fro m  a n im a l m a n u re s  
a n d  to  in c rea se  th e  p re d ic ta b il i ty  o f  th e  fe r t i l iz e r  
e q u iv a le n t  o f  n itro g e n  a p p lie d  in s lu r ry , th e  e ffe c ts  o f  
c l im a te  m u s t be q u a n tif ie d . C o n s e q u e n tly  it is im ­
p o r t a n t  to  id en tify  th e  m o s t s ig n if ic a n t p a r a m e te r s  
a n d  to  e s ta b lis h  g e n e ra l re la tio n s h ip s  b e tw e e n  th e s e
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T a b le  I. S o il  cover  a n d  c h a ra c te r is tic s  o f  c a ttle  s lu rries  u se d  in e x p e r im e n ts  in D en m a rk  in 1 9 8 6 -8 9

Experiment
Experim ental

period
T otal N 

<%)
TAN*

(% ) pH
D rv  m atter 

'( % ) Soil surface

1-3 Oct 1986 0-49 0 30 7-3 8 0 Stubble
4-5 Dec 1986 0-47 0-30 71 7-2 Clover-grass
6-10 O ct-D ec  1988 0-45 0-26 7-9 8-2 Grass

11-12 M ay 1989 0-44 0-26 7-5 7 0 Harrowed soil
13-14 M ay -Ju n  19S9 0-44 0-26 7-5 7 0 Spring barley
15-16 Sep I9S9 0-44 0-26 7-5 7 0 Cultivated stubb le
17-20 O c t-N o v  1989 0-44 0-26 7-5 7 0 Grass

* T A N  = total am m oniacal nitrogen (N H j '  +  N H j ).

a n d  th e  loss o f  a m m o n ia .  S ig n if ic a n t e ffec ts  o f  
te m p e ra tu re ,  w in d  s p ee d  a n d  a ir  h u m id i ty  o n  a m ­
m o n ia  loss ra te s  h a v e  b een  d e m o n s t r a te d  p re v io u s ly  
(B e a u c h a m p  e t a l  1978, B ru n k e  e t al. 1988). T h e  
l im ite d  n u m b e r  o f  re p lic a te  e x p e r im e n ts  u n d e r  
d if fe re n t e n v iro n m e n ta l  re g im e s  a n d  d iffe ren c e s  in  th e  
o r ig in  a n d  c h em ic a l c o m p o s i t io n  o f  th e  s lu rr ie s  u sed  
h a s ,  h o w e v er , p re v e n te d  a  t h o r o u g h  u n d e r s ta n d in g  o f  
th e  re su lts  o b ta in e d .

In  th e  p re s en t s tu d y , th e  a m m o n ia  lo ss  f ro m  su rfa c e -  
a p p lie d  s lu rry  w as e x a m in e d  in 42  t r e a tm e n ts  d u r in g  
th e  p e rio d  f ro m  O c to b e r  1986 to  N o v e m b e r  1989. 
A m m o n ia  v o la ti l iz a tio n  w as  d e te rm in e d  by  a  w in d  
tu n n e l sy stem . C a t t le  s lu r ry  fo r  a ll e x p e r im e n ts  w as 
ta k e n  fro m  th e  sam e  s lu r ry  ta n k  to  p ro v id e  a s  n e a r  
id e n tic a l  s lu rrie s  as  p o s s ib le , p ro v id in g  a n  o p p o r tu n i ty  
to  e v a lu a te  e n v iro n m e n ta l  e ffec ts  o n  th e  loss o f  
a m m o n ia .  T h e  w in d  s p e e d  w a s  a d ju s te d  to  d iffe re n t 
leve ls  in o rd e r  to  e x a m in e  e ffe c ts  o f  w in d  sp eed  o n  
in s itu  a m m o n ia  loss ra te s .

M A T E R I A L S  A N D  M E T H O D S

W in d  tu n n e l u n it

T h e  b a s ic  d e s ig n  o f  th e  w in d  tu n n e l  u n i t  fo llo w e d  th a t  
d e sc r ib e d  by  L o c k y e r  (1 984). E a c h  u n i t  c o n s is te d  o f  
a n  in v e rte d  U -s h a p e d  tu n n e l m a d e  f ro m  t r a n s p a r e n t  
p o ly c a rb o n a te  w h ich  c o v e re d  th e  e x p e r im e n ta l  p lo t 
(2  0  X 0-5 m ). a n d  a  c ir c u la r  s te e l d u c t  h o u s in g  a n  
e le c tr ic a lly  p o w e re d  fa n . In  E x p ts  1 -1 4  th e  fa n  w as 
d r iv e n  by  a n  A C -p o w e re d  m o to r .  T o  be  a b le  to  
o p e ra te  a t re d u c e d  w in d  sp ee d s , a  D C -p o w e r e d  m o to r  
w a s  used  fro m  E x p t 15 o n w a rd s .  T h e  h ig h e r  m o ­
m e n tu m  o f  th e  D C -p o w e re d  m o to r  a t  lo w  sp eed s  
p ro d u c e d  m o re  s ta b le  w in d  sp e e d s .

T h e  fan  c o u ld  p ro d u c e  tu n n e l w in d  s p e e d s  u p  to
5 m / s  a c ro ss  th e  p lo t. T h e  s tee l d u c t  w a s  2 m  lo n g  a n d  
h a d  a  d ia m e te r  o f  0 4  m . T h e  h ig h e s t  p o in t  o f  th e  
t r a n s p a r e n t  tu n n e l w as  0-45 m  a b o v e  th e  g ro u n d .

A  v a n e  a n e m o m e te r  h e a d , h o u s e d  in th e  s tee l d u c t,  
r e c o rd e d  th e  w in d  sp eed  w ith in  th e  tu n n e l.  S ig n a ls  
f ro m  the  a n e m o m e te r  h e a d  w 'cre d is p la y e d  a n d  s to re d  
o n  a d a ta  lo g g e r. T h e  a n e m o m e te r  w as  u se d  to  a d ju s t

tu n n e l w in d  s p ee d  to  p re -s e le c te d  levels by  r e g u la t in g  
fan  sp e e d , a n d  s u b s e q u e n t ly  fo r  re c o rd in g  a c tu a l  w in d  
sp eed s  d u r in g  th e  e x p e r im e n ts .  T h e re  w ere  f o u r  w in d  
tu n n e l u n its  o f  w h ic h  o n e  w as  u sed  fo r re fe re n c e  (i.e . 
u n tre a te d  p lo t  a t  a m b ie n t  a m m o n ia  levels).

D u r in g  E x p ts  1 -5 , th e  d a ta  logger s c a n n e d  th e  
in p u t c h a n n e ls  e v e ry  h o u r  a n d  s to re d  th e  d a ta .  F r o m  
E x p t 6 o n w a rd s ,  in p u t  c h a n n e ls  w ere  sc a n n e d  a t  1 m in  
in te rv a ls  a n d  d a ta  s to r e d  a s  h o u r ly  m eans.

G a s tra p p in g  un it

A fte r  p a ss in g  o v e r  th e  e x p e r im e n ta l  p lo t, th e  a i r s t r e a m  
w as s a m p le d  n e a r  th e  o u t le t  o f  th e  steel d u c t  u s in g  a 
d ia p h ra g m  s u c t io n  p u m p .  T h e  p u m p  d re w  a n  a i r ­
s tre a m  (c o m p o s e d  o f  a i r  f ro m  six d ifferen t s a m p l in g  
p o s it io n s )  a t  a  r a te  o f  5 l i t r e s /m in  th ro u g h  a  100 m l 
a b s o r p t io n  fla sk  f i t te d  w ith  a  s in te red  gas d i s t r ib u t io n  
tu b e . T h e  fla sk  c o n ta in e d  50  m l o f  0 005 m -H 3P O j a n d  
th e  a ir  flow  ra te  w a s  c h ec k e d  by a  f lo w m e te r .  
A m m o n ia  in th e  a i r  w a s  tra p p e d  in th e  o r th o -  
p h o s p h o r ic  a c id  a n d  s u b s e q u e n t ly  d e te rm in e d  in  th e  
la b o r a to r y  b y  a  B e r th e lo t  re a c t io n  ( in d o p h e n o l b lu e  
m e th o d ) .

E a c h  g a s  t r a p p in g  u n i t  c o n s is te d  o f  fo u r  a b s o r p t io n  
flasks. A  p r o g r a m m a b le  m a g n e tic  va lve  c o n t r o l  
a u to m a tic a l ly  s w i tc h e d  e a c h  a b so rp tio n  fla sk  o n  a n d  
o ff  a t  p re s e le c te d  in te rv a ls .  D u r in g  th e  first 2 d a y s ,  
a b s o r p t io n  p e r io d s  w e re  6 h ; d u rin g  th e  fo llo w in g  
fo u r  d a y s  a b s o r p t io n  p e r io d s  w ere  24 h.

S lu r r y  a n a lyses

T o ta l  a m m o n ia c a l  n i tro g e n  (a m m o n ia  p lu s  
a m m o n iu m , T A N )  c o n te n t  o f  th e  s lu rry  w a s  d e ­
te rm in e d  by  d ir e c t  d is t i l la t io n  w ith  ligh t M g O  a n d  
C u S O j, th e  a m m o n ia  b e in g  co llec ted  in b o r ic  a c id -  
in d ic a to r  s o lu t io n  a n d  fin a lly  d e te rm in e d  b y  t i t r a t i o n  
w ith  s ta n d a r d  H C I. T o t a l  N  w as an a ly sed  u s in g  th e  
K je ld a h l m e th o d  a n d  a  T e c a to r  K jeltec  A u to  1030 
A n a ly se r . D ry  m a t t e r  ( D M )  c o n te n t w as d e te r m in e d  
g ra v im e tr ic a lly  a n d  s lu r r y  b u lk  p H  w ith  a  s t a n d a r d  
e le c tro d e  (R a d io m e te r ) .
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T a b le  2. A m m o n ia  loss  (%  o f  to ta l  a m m o n ia c a l N  ( T A N ) ) ,  w in d  s p e e d  a n d  m e a n  c lim a tic  c o n d itio n s  d u r in g  the
e x p e r im e n ts

Experim ent
W ind speed in 
tunnel (m /s)

A ir tem p e ra tu re
(°C)

W ater vapour 
pressure deficit 

(Pa)
A ccum ulated 
am m onia  loss

1 5-9 9-9 231 52-2
1 4-8 9-9 231 41-4
2 41 8-9 181 44-7
2 4-7 8-9 181 62-9
3 3-9 6-8 55 38 3
4 5 I 6 0 153 53 1
4 6 0 6 0 153 52-0
4 6-2 6 0 153 45-0
5 5 0 2-8 86 49-9
5 5-9 2-8 86 67-2
5 6-2 2-8 86 57-8
6 4-2 6-2 141 45-0
6 1-3 6-2 141 53-9
6 2-5 6-2 141 62-5
7 3-9 31 105 45-8
7 1-5 31 105 49-0
7 3 0 31 105 56 1
8 3-2 2-1 54 57-0
9 3-5 5-7 87 55-8

10 4 0 2-9 112 74-0
11 3-4* 13-6 564 74-6
12 3-3 14-5 1138 44-9
13 3-6 9-7 389 53-8
14 3-6 130 658 58 8
15 1-2 14-4 814 49 I
15 2 6 14-4 814 72-3
15 41 14-4 814 68 1
16 1-2 14 9 85 55-1
16 2-5 14 9 85 75-5
16 41 14 9 85 80-4
17 1-3 11-3 457 50-4
17 2-6 11-3 457 60-2
17 41 113 457 74-0
18 1-3* 8-9 314 42-4
18 2-5* 8-9 314 59-0
18 40* 8-9 314 82-9
19 3-5* 9-4 245 58-6
19 2-8* 9-4 245 65 1
19 4-0* 9-4 245 66-8
20 1-4 6-7 158 33-3
20 2-4 6-7 158 43-0
20 4-2 6-7 158 49-3

* D a ta  m easured m anually as da ta  logger w as ou t o f function .

T a b le  1 g ives c h a ra c te r is t ic s  o f  th e  f o u r  c a t t le  
s lu r r ie s  u sed . T h r o u g h o u t  th e  e x p e r im e n ts  s lu r ry  w a s  
ta k e n  fro m  th e  sam e  s lu rry  ta n k  to  p r o v id e  n e a r  
id e n tic a l  s lu rrie s . S lu r ry  b u lk  p H  v a r ie d  f r o m  7 1  to  
7-9, D M  fro m  7 0  to  8 -2 % , T A N  c o n te n t  f r o m  0-26 to  
0 -3 0 %  a n d  to ta l -N  fro m  0 44  to  0  4 9 % ,  s h o w in g  th a t  
th e  c h em ica l c h a ra c te r is t ic s  v a rie d  s lig h tly .

S lu rr ie s  a n d  tr e a tm e n ts

T w e n ty  e x p e r im e n ts , e a c h  c o v e r in g  a  6-d a y  p e r io d ,  
w e re  c a r r ie d  o u t d u r in g  O c to b e r  1986 to  N o v e m b e r  
1989. E a c h  e x p e r im e n t in c lu d e d  o n e  to  th re e  t r e a t ­
m e n ts  a n d  o n e  re fe re n c e  tu n n e l ,  g iv in g  a  to ta l  o f  42  
t r e a tm e n ts  (T ab le  2). T h e  s lu r r ie s  w e re  a p p lie d  a t  a

6



94 S. G.  S O M M E R ,  J.  E. O L E S E N  A N D  B. T.  C H R I S T E N S E N

ra te  o f  3 l i t r e s /m 2 o n to  th e  s u rfa c e  o f  a  s a n d y  lo a m  
w ith  1 0 %  c la y , 2 -7 %  o rg a n ic  m a t te r  (O M ), a n d  
p H  7-5. T h e  s lu r ry  w a s  le ft o n  th e  so il s u r fa c e  d u r in g  
th e  w hole  e x p e r im e n ta l  p e r io d .  S lu r ry  w as  a p p lie d  to  
b a re , h a r ro w e d  so il o r  to  so il w ith  s ix  d if f e r e n t c o v e rs  
(see T a b le  1 fo r  d e ta ils ) .

P lo ts  w e re  p r o te c te d  f ro m  ra in  d u r in g  th e  e x ­
p e rim e n ta l p e r io d ,  a n d  i r r ig a t io n  t r e a tm e n ts  w e re  n o t  
in c lu d e d  in th e  p re s e n t  s tu d y .  T h e  s lu r ry  w a s  th e re fo re  
d e lib e ra te ly  e x p o s e d  to  s u s ta in e d  d r y in g  c o n d it io n s ,  
c re a te d  by  th e  c o n t in u o u s  a i r s t r e a m  s w e e p in g  th e  p lo t  
su rface .

S u r fa c e  p H  o f  a p p lie d  s lu r r y

In  a s e p a ra te  e x p e r im e n t  in  1989, c h a n g e s  in  th e  p H  
a t  the  s u rfa c e  o f  p ig  s lu r ry  a p p lie d  a t  3 l i t r e s /m 2 w a s  
fo llo w ed  o v e r  a  p e r io d  o f  4 d a y s  a f t e r  a p p l ic a t io n .  
T h is  s lu rry , h a v in g  a n  in it ia l  b u lk  p H  o f  7-6, 0 5 2 %  
to ta l  N , 0 37 %  T A N  a n d  3 -8 %  D M , w a s  a p p lie d  
o n to  a tille d  so il s u r fa c e .  p H  a t  th e  s u r fa c e  w as 
m e a su re d  w ith  a  f la t g la ss  m e m b ra n e  E le c tro d e  
(R a d io m e te r ) .

E n v ir o n m e n ta l d a ta

F o r  E x p ts  1 -5 , a i r  te m p e r a tu r e  w a s  r e c o rd e d  w ith  
th e rm o c o u p le  s e n s o rs  s i tu a te d  in th e  s tee l d u c t  o f  th e  
tu n n e ls . T e m p e r a tu r e  re a d in g s  w e re  s to re d  o n  a  d a ta  
logger. In  th e  fo llo w in g  e x p e r im e n ts ,  e n v iro n m e n ta l  
d a ta  w ere  ta k e n  a s  h o u r ly  m e a n  v a lu e s  fro m  th e  
a u to m a tic  c l im a te  s ta t io n  a t  A s k o v  E x p e r im e n ta l  
S ta tio n  (55° 2 8 ' N ,  0 9 °  0 7 ' E ) (O le s e n  I9SS). A ir  
te m p e ra tu re  a n d  re la t iv e  h u m id i ty  w e re  m e a s u re d  a t  a 
he ig h t o f  2 m  in  a  s ta n d a r d  sc ree n , a n d  a ir  te m p e ra tu re  
w as a lso  re c o rd e d  a t  a  h e ig h t o f  0-20 m .

T u n n e l te m p e r a tu r e s  w e re  g e n e ra l ly  1 °C  lo w e r 
th a n  a ir  te m p e ra tu re s  a t  a  h e ig h t o f  2 m  m e a s u re d  a t  
th e  w e a th e r  s ta t io n .  T h e  w e a th e r  s ta t io n  w a s  e s ­
ta b lis h e d  a f te r  E x p t 5, a n d  tu n n e l a ir  te m p e ra tu re s  
re c o rd e d  in th e se  e x p e r im e n ts  w e re  a d ju s te d  fo r  th e  
d ifference  o f  1 CC .

F o r E x p ts  1 -5  m e a s u re m e n ts  o f  a ir  re la tiv e  h u ­
m id ity  fro m  th e  s y n o p tic  s ta t io n  a t  B illu n d  (5 5 ° 4 4 ' N , 
9° 09 ' E ) w e re  u s e d . T h e  re la tiv e  h u m id i ty  a t  A sk o v  
w as a p p ro x im a te ly  3 %  h ig h e r  th a n  a t  B illu n d . A 
v a lu e  o f  3 w as  th e re fo re  a d d e d  to  th e  B illu n d  fig u res , 
d isa llo w in g  re la tiv e  h u m id i t ie s  h ig h e r  th a n  100 % .

A ir t e m p e ra tu re  ( T )  a n d  re la tiv e  h u m id i ty  (R H )  
w ere  u sed  to  c a lc u la te  w a te r  v a p o u r  p re s s u re  d e fic it 
(<?„). w h e re  ea =  es — e s R H / I 0 0 ,  a n d  es is s a tu r a te d  
w a te r  v a p o u r  p re s s u re  (P a )  a t  te m p e r a tu r e  T.

C a lc u la tio n s  o f  a m m o n ia  loss

F o r  eac h  a b s o r p t io n  p e r io d , a m b ie n t  a m m o n ia  
c o n c e n tr a t io n s  w e re  s u b t r a c t e d  f ro m  c o n c e n t r a t io n s  
o b ta in e d  fo r  t r e a te d  p lo ts  a n d  u se d  to  c a lc u la te  
a m m o n ia  lo ss, i . e . :
. / ( h )  =  / I K x  3 6 0 0  ( N H a,  —N H .lr)

J  (h ) : A m m o n ia  loss, g N H 3- N / h .
A  : C ro s s -s e c tio n  a re a  o f  s tee l d u c t ,  n v .
V  :W in d  sp eed , m /s .
N H 3(, : A m m o n ia  c o n c e n tr a tio n  in a i r  f ro m  a  tu n n e l
w ith  a  t r e a te d  p lo t, g N H 3- N / m 3.
N H 3r . A m m o n ia  c o n c e n tr a tio n  in  a i r  f r o m  th e  
re fe re n c e  tu n n e l (u n tr e a te d  p lo t) , g N H 3- N / m 3.

T h u s  th e  va lu es  p re se n te d  a re  n e t a m m o n ia  lo sse s  
in d u c e d  b y  th e  tre a tm e n t.  T h e  r e s u lts  w e re  f in a lly  
c o r r e c te d  fo r  w in d  tu n n e l system  re c o v e ry  o f  a m m o n ia  
by  m u ltip ly in g  by  th e  fa c to r  1 0 0 /7 4  ( C h r is te n s e n  &  
S o m m e r  1989).

R E S U L T S  A N D  D I S C U S S I O N

S u r fa ce  p H  o f  a p p lied  s lu r r y

T h e  ra te  o f  a m m o n ia  loss d e p e n d s  o n  th e  c o n ­
c e n t r a t io n  o f  a m m o n ia  gas a t  th e  s lu r ry  s u r f a c e :

N H 3 1 ^ N H 3 | , t f HS =  [N H 3. J / [ N H , . , ]  (1)

w h e re  K HS is H e n ry 's  L aw  c o n s ta n t  b e tw e e n  N H 3 ( 
a n d  N H 3 . w h ich  is inversely  re la te d  to  p r o to n  
a c t iv i ty :

N H ; ^ N H ,  +  H - ,  * V1 =  [ N H J x [ H - ] / [ N H 4-]
(2)

w h e re  K y l  is the  e q u ilib r iu m  c o n s ta n t  fo r  th e  
d is s o c ia t io n  o f  N H / .

F o r  a m m o n ia  loss to  p ro ceed , b u ffe r in g  s u b s ta n c e s  
m u s t  b e  p re s e n t to  n e u tra liz e  th e  p r o to n s  p ro d u c e d  
w h e n  a m m o n ia  v o la tilizes  fro m  th e  s lu r ry .  F o r d h a m  
&  S c h w e rd m a n  (1977) d e m o n s t ra te d  t h a t  b ic a r b o n a te  
io n s  a re  th e  d o m in a tin g  p ro to n  a c c e p to r s  in  s lu r r y :

C O ,  +  H . , 0 ^  H C 0 3-  +  H - .  K c,  =
|H C O ,- ] [ H * ] / [ C O .]  (3)

w h e re  K c,  is th e  e q u ilib r iu m  c o n s ta n t  fo r  th e  
d is s o c ia t io n  o f  H C 0 3". T h e  b ic a rb o n a te  is th e  r e a c t io n  
p r o d u c t  o f  th e  h y d ro ly s is  o f  u re a  a n d  m ic ro b ia l  
c o n v e r s io n  o f  o rg a n ic  m a tte r . T h is  is a ls o  a s s u m e d  in 
th e  s tu d y  o f  S tev en s  e t al. (1989).

T h e  d y n a m ic s  o f  p H  in th e  s u rfa c e  o f  a p p l ie d  p ig  
s lu r ry  (F ig . 1) w ere  s im ila r to  c h a n g e s  in  so il s u r fa c e  
p H  o b s e rv e d  a f te r  h y d ro ly s is  o f  u re a  in  so il (S h e r lo c k  
&  G o h  1985: R ac h p a l-S in g h  &  N y e  1986). I m ­
m e d ia te ly  fo llo w in g  a p p lic a tio n , p H  in  th e  s lu r ry  
su r fa c e  ro s e  to  8-4 (F ig . 1) a s  m o re  c a r b o n  d io x id e  
th a n  a m m o n ia  w as lo s t, b eca u se  th e  w a te r  s o lu b i l i ty  
o f  c a r b o n  d io x id e  is 200 tim es lo w e r t h a n  th e  s o lu b i l i ty  
o f  a m m o n ia  (B eu tie r & R en o n  1978 ; V le k  &  S tu m p e  
1978). W ith in  3 -4  d a y s , p H  d ec lin ed  to  7-4 a s  a m m o n ia  
v o la t i l iz a t io n  p ro d u c e d  a su rp lu s  o f  p r o to n s  in  th e  
sy s te m .

A m m o n ia  em ission

A v e ra g e  c lim a tic  c o n d itio n s  d u r in g  th e  e x p e r im e n ts  
a re  s h o w n  in T a b le  2. C o n c e n tr a t io n s  o f  a m m o n ia  in
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Hours from start o f experiment

Fig. 1. pH in surface o f pig  slurry  (initial pH  7-6) m easured 
a t intervals from start o f  app lication  to  soil surface. Bars 
indicate ±s.E.

Days from start o f experiment

Fig. 2. Cumulative am m onia  loss as a percentage o f total 
am m oniacal N (TAN) app lied  in slurry, in (a) Expt 4 ( # )  
and  Expt 5 ( x ), it =  3, and  (b) Expt 10 ( # )  and  Expt 12 ( x ). 
Bars ind ica te+  S.E.

th e  a ir  fro m  the  re fe re n c e  tu n n e ls  ra n g e d  f ro m  0 3  to  
36-2 (jg N / m 3 a n d  w e re  in  a c c o rd a n c e  w ith  a m m o n ia  
c o n te n ts  fo u n d  in th e  a m b ie n t  a ir  o f  a r e a s  w ith  
liv e s to c k  fa rm in g  (A lle n  e t al. 1988). I t  h a s  b e en  
s h o w n  th a t  d iffe ren c e s  b e tw e e n  te m p e ra tu re s  
m e a s u re d  inside  th e  tu n n e l  a n d  a m b ie n t  te m p e ra tu re s  
a re  sm all (R y d en  &  L o c k y e r  1985), a n d  a m b ie n t  
te m p e ra tu re s  m ay  th e re fo re  be  u sed  w h e n  in te rp r e t in g  
th e  o b se rv ed  v a ria t io n s  in  a m m o n ia  loss.

T h e  acc u m u la te d  flux  o f  a m m o n ia  is l in e a r ly  re la te d  
to  th e  a m o u n t o f  T A N  in  th e  s lu rry  (B ru n k e  e t al.

A

Days from start of experiment

Fig. 3. A ir tem pera tu re  a t a height o f 2 m (— ) and  20 cm (— ) 
du ring  Expts 10 (lower) and 12 (upper).

1988). R e s u l ts  o n  a m m o n ia  v o la t i l iz a t io n  lo ss  a re  
th e re fo re  p re s e n te d  a s  a p r o p o r t io n  o f  T A N  in  s lu r ry ,  
a  p r o c e d u r e  w h ic h  e lim in a te s  sm all d iffe re n c e s  in  th e  
T A N  c o n te n t  o f  th e  s lu rry . T h e  v a r ia t io n  in  a m m o n ia  
lo ss  b e tw e e n  w in d  tu n n e ls  w ith  s im ila r  t r e a tm e n ts  w a s  
less th a n  2 5 %  ( c .v . )  (F ig . 2(a). In  m o s t  o f  th e  
e x p e r im e n ts ,  m o re  th a n  h a lf  o f  th e  to ta l  lo s s  o c c u r r in g  
d u r in g  th e  6 -d a y  p e r io d  to o k  p la c e  w ith in  th e  f irs t 
d a y , a  p a t t e r n  d e m o n s t r a te d  in  sev e ra l o th e r  s tu d ie s  
( T h o m p s o n  e t al. 1987 ; P a in  e t a l. 1989). P r o to n  
a c t iv i ty  h a d  a  s u b s ta n t ia l  in flu en ce  o n  th e  flu x  o f  
a m m o n ia  f r o m  s u rfa c e -a p p lie d  s lu rry .  A f te r  a n  in it ia l  
p e r io d  w ith  a  h ig h  lo ss  ra te  (F ig . 2 (a ) ) ,  th e  a m m o n ia  
v o la t i l iz a t io n  p o te n t ia l  will be re d u c e d  b y  a c id if ic ­
a t io n ,  d e c r e a s in g  c o n c e n tr a t io n s  o f  T A N  a n d  in f i l t r a ­
tio n  o f  T A N  in to  th e  soil (L a u e r  e t al. 1 9 7 6 ; 
B e a u c h a m p  e t al. 1982).

T h e  a m m o n ia  lo ss  p a t te rn  in m o s t  o f  th e  e x p e r i­
m e n ts  fo llo w e d  th a t  p re s e n te d  in  F ig . 2(a). T h e  tw o  
m a in  e x c e p t io n s  w e re  E x p ts  10 a n d  12 (F ig . 2 (b ))  fo r  
w h ic h  t e m p e r a tu r e s  a re  sh o w n  in  F ig . 3. In  E x p t  10, 
f re e z in g  o c c u r re d  d u r in g  th e  f irs t n ig h t  o f  e x p o s u re .  
T h e  s u b z e ro  te m p e ra tu re s  w ere  m o s t  p ro n o u n c e d  a t  
g ro u n d  leve l d u e  to  a  te m p e ra tu re  in v e rs io n . In  E x p t 
12, a i r  te m p e r a tu r e  w as  h ig h  a n d  a  m a rk e d  d iu rn a l  
f lu c tu a t io n  w a s  o b s e rv e d . F u r th e r m o r e  th e  to p s o il  in  
E x p t  12 w a s  v e ry  d ry  d u e  to  a  p re c e d in g  p e r io d  
w i th o u t  p r e c ip i ta t io n  a n d  h igh  e v a p o r a t io n  p o te n t ia l .

A  c o n s ta n t  a m m o n ia  loss ra te  t h r o u g h o u t  E x p t  10 
c a u s e d  a  h ig h  c u m u la tiv e  loss o f  a m m o n ia  o v e r  6 d a y s  
d e s p i te  lo w  te m p e ra tu re s  (F ig . 2 (b )).  T h e  in f i l t r a t io n  
o f  T A N  in to  th e  so il w as  re d u c ed  by  a  h ig h  c o n te n t  o f  
w a te r  in  th e  so il (D o n o v a n  &  L o g a n  1983), a n d  s lo w  
fre e z in g  d u r in g  th e  n ig h ts  m a y ' h a v e  c re a te d  a 
c o n c e n t r a te d  T A N  s o lu tio n  re la tiv e  to  th e  T A N -f re e  
ice  ( L a u e r  e t at. 1976). S u s ta in e d  a m m o n ia  lo sse s  
d u r in g  p e r io d s  w ith  n e a r -z e ro  te m p e ra tu re s  h a v e  b e en  
o b s e rv e d  in  e x p e r im e n ts  w ith  p ig  s lu r ry  (S o m m e r  &
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Wind speed in steel duct (m/s)
Fig. 4. C um ulative am m onia loss as a percentage o f  to ta l 
am m oniacal N (TA N) during the periods (a) 0 -1 2  h and  (6) 
12—24 h at different tunnel wind speeds. Expts 6 -7  and 
15-20. O bservations from the same experim ents are co n ­
nected with lines.

C h r is te n se n  1989) an d  w ith  c a t tle  s lu r ry  ( T h o m p s o n  
e t at. 1987).

In  E x p t 12. h ig h  te m p e ra tu re s  m a y  h a v e  c a u s e d  a  
ra p id  d ec rea se  in the  ra te  o f  a m m o n ia  lo s s  w ith in  a 
few  h o u rs  o f  s lu rry  a p p lic a tio n  (F ig . 2 (6 )) . S u r fa c e  
c ru s t in g  o f  th e  s lu rry  a n d  ra p id  in f i l t r a t io n  in to  th e  
d r y  a n d  re cen tly  tilled  so il m a y  h a v e  b e e n  r e s p o n s ib le  
fo r  th e  very  low  a m m o n ia  loss ra te  a f te r  12 h.

W in d  speed

T h e  U -sh ap e d  tu n n e l w as  2 m  lo n g , p r o v id in g  a 
re la tiv e ly  s h o r t  tra v e llin g  d is ta n ce  fo r  th e  w in d  fo r  th e  
d e v e lo p m e n t o f  a n  eq u ilib r iu m  b o u n d a r y  la y e r .  U s in g  
a  w in d  tu n n e l w ith  s im ila r  c ro s s -s e c t io n  c h a r a c t e r ­
is tic s , R a sm u sse n  & M ik k e lse n  (1 9 8 8 ) fo u n d  a  
b o u n d a ry  la y e r  o f le s s  th a n  I cm  a f te r  a  3 m  d is ta n c e .  
S o il su rfa c e  ro u g h n e ss  is h igh  c o m p a re d  to  t h a t  o f  th e  
tu n n e l w alls. T h e  soil su rfa ce  will th e re fo re  d o m in a te  
th e  m o m e n tu m  tra n s fe r . A t h ig h  w in d  s p e e d s ,  s e c ­
o n d a ry  m o tio n s  w ith  ro ta t io n s  a b o u t  h o r iz o n ta l  a x e s  
m a y  o c cu r  (R a sm u s s e n  & M ik k e lse n  1988).

T h e se  fa c to rs  re s tr ic t so m ew h a t th e  a p p l ic a b i l i ty  o f  
th e  w in d  tu n n e l system  in s tu d y in g  th e  e f fe c t o f  w in d  
sp eed  on  a m m o n ia  v o la tiliz a tio n . N e v e r th e le s s ,  a m ­
m o n ia  losses m e a su re d  w ith  a s im ila r  w in d  tu n n e l  
sy s te m  w ere in a c c o rd a n c e  w ith  lo sses  o b ta in e d  b y  a  
m ic ro m e te o ro lo g ic a l m ass  b a lan ce  m e th o d ,  p ro v id e d

th e  w in d  s p e e d s  in  th e  tu n n e ls  w e re  a d ju s te d  to  
a m b ie n t  w in d  s p e e d s  0-25 m ab o v e  th e  g r o u n d  (R y d e n
&  L o c k y e r  1985). T h is  in d ica tes  th a t  th e  w in d  tu n n e l 
s y s te m  w ill g iv e  re lia b le  a m m o n ia  lo ss  e s t im a te s  
w ith in  a  re a lis t ic  ra n g e  o f  w ind sp ee d s .

W in d  s p e e d s  w e re  re c o rd e d  in th e  s te e l d u c t ,  w h ich  
h a d  a n  in te rn a l  c ro s s -s e c t io n  a rea  o f  1260 c m 5, w h ile  
th e  c ro s s - s e c t io n  a re a  o f  the  U -sh ap e d  tu n n e l  w as  c. 
1800 c m 2. A ss u m in g  h o m o g e n e o u s  w in d  p ro f ile s ,  w in d  
s p e e d s  o v e r  th e  p lo t  su rfa ces  will b e  c. 7 0 %  o f  th e  
m e a s u re d  w in d  s p e e d s . T h is  c o r re c tio n  h a s ,  h o w e v e r , 
n o t  b e en  a p p l ie d  in  th is  s tudy ..

In  E x p ts  6 , 7 a n d  1 5 -2 0 , th ree  d if f e r e n t w in d  sp ee d s  
w e re  te s te d  (T a b le  2). D u r in g  0 -1 2  a n d  1 2 -2 4  h , th e  
a m m o n ia  lo ss  in c re a se d  w hen w in d  s p e e d  w as 
in c re a s e d  f ro m  1-5 to  2-5 m /s  (F ig . 4 ). A  f u r th e r  rise  
in  w in d  s p e e d  to  4  m / s  d id  n o t re v e a l a  c o n s is te n t  
r e la t io n s h ip .  In  E x p ts  6 a n d  7 th e  a m m o n ia  lo s s  ra te  
d u r in g  1 2 -2 4  h d e c rea sed  w hen  w in d  s p e e d  w as 
in c re a s e d  f ro m  2-5 to  4 m /s .  T h ese  tw 'o  e x p e r im e n ts  
w e re  c a r r ie d  o u t  w ith  th e  A C -p o w e re d  f a n ,  w 'hile 
E x p ts  1 5 -2 0  w e re  c a r r ie d  o u t w ith  th e  D C -p o w e r e d  
fa n . S o m e  o f  th e  d is c re p a n c y  m ay  be  a t t r i b u t e d  to  th e  
less s ta b le  w in d  s p e e d s  o b ta in e d  w ith  th e  A C -p o w e re d  
fa n . I t  s h o u ld  a ls o  be  n o ted  th a t  th e  s lu r ry  u sed  in 
th e se  tw o  e x p e r im e n ts  h a d  a re la tiv e ly  h ig h  in i t ia l  p H .

T h e  ra te  o f  a m m o n ia  v o la tiliz a tio n  is c o n tro l le d  by  
c h e m ic a l r e a c t io n  ra te s ,  d iffusive a n d  c o n v e c tiv e  
t r a n s p o r t  in  th e  s lu r ry  a n d  by  a g as  p h a s e  re s is ta n c e  
in  th e  b o u n d a r y  la y e r  a b o v e  the  s lu r ry  s u r fa c e .  A t  low  
w in d  s p e e d s  th e  v o la tiliz a tio n  ra te  w ill b e  s m a ll  a n d  
th e  g a s  p h a s e  re s is ta n c e  d o m in a te s . W h e n  th e  w in d  
s p ee d  is in c re a s e d , th e  chem ica l re s is ta n c e  a n d  liq u id  
p h a s e  re s is ta n c e  w ill becom e m o re  d o m in a n t  w hile  
th e  g a s  p h a s e  re s is ta n c e  will be o f  le ss  im p o r ta n c e  
(V le k  &  C ra sw e ll  1981). T h e  sh ift f ro m  th e  d o m in a n c e  
o f  g a s  p h a s e  to  l iq u id  p h ase  re s is ta n c e  w ill c a u s e  a 
c u rv i l in e a r  r e la t io n s h ip  betw een th e  lo s s  o f  a m m o n ia  
f ro m  th e  s lu r ry  a n d  th e  w ind sp eed . I f  th e  ch em ic a l 
re s is ta n c e  is in s ig n if ic a n t,  the  a m m o n ia  lo ss  s h o u ld  be 
l in e a r ly  re la te d  to  w in d  speed (V lek  &  S tu m p e  1978).

D u r in g  0 -1 2  h th e  a m m o n ia  lo ss  r a te s  in c re a se d  
w ith  w in d  s p e e d 9-u p  to  2-5 m /s  (F ig . 4 ) . In  g e n e ra l ,  no  
f u r th e r  in c re a s e  in  lo ss  ra te  w as o b s e rv e d  w h e n  th e  
w in d  s p e e d  w as  in c re a se d  to  4 m /s ,  in d ic a t in g  th a t  th e  
l iq u id  p h a s e  re s is ta n c e  d o m in a te d  a t  w in d  sp eed s  
b e tw e e n  2-5 a n d  4  m /s .  A m m o n ia  lo s se s  d u r in g  
1 2 -2 4  h w e re  c o n s ta n t  w ith  in c re a s in g  w in d  sp eed . 
C r u s t  fo r m a t io n  o n  the  s lu rry  s u r f a c e  p ro b a b ly  
in c re a s e d  th e  l iq u id  p h ase  re s is ta n c e , in d u c in g  lo w er 
a m m o n ia  lo ss  r a te s  w h en  w ind s p e e d  w a s  in c re a se d . 
H ig h e r  w in d  s p e e d s  will also  c a u s e  h ig h e r  w a te r  
e v a p o r a t io n ,  in d u c in g  a n  ac c e le ra ted  c ru s t  fo r m a t io n .  
W a te r  e v a p o r a t io n  is, h ow ever, a ls o  d e p e n d e n t  on  
o th e r  f a c to r s  s u c h  a s  w a ter v a p o u r  p re s s u re  defic it 
a n d  t e m p e r a tu r e .  T h e re  is no  a p p a r e n t  re la t io n s h ip  
b e tw e e n  th e  s h a p e  o f  the  cu rv es  in F ig .  4  a n d  th ese  
e n v iro n m e n ta l  fa c to rs .
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T a b le  3. S im p le  c o rre la tio n  c o e f fic ie n ts  b e tw een  
am m on ia  loss r a te s  ( %  o f  to ta l  a m m o n ia c a l N  (T A N )}  
a n d  m ean air te m p e r a tu r e  a n d  w a te r  va p o u r  p r e s su r e  

d e fic it d u r in g  each  p e r io d

W ater v apour 
A ir tem pera tu re  p ressure  deficit

Loss as percentage o f  T A N  initially applied  in slurry
0-6  h 0-782 0-712
6-12 h 0-411 0-233

12-24 h -0 -0 5 4  0-222
24 h -6  d 0-261 0 0 3 4

Loss as percentage o f  rem aining  T A N
in s lu rry  a t s ta r t o f period

0-6  h 0-782 0-712
6-12 h 0-724 0-485

12-24 h 0-155 0-329
24 h -6  d 0-547 0-385

Experiments 10 and  12 were excluded, giving a to ta l o f  18 
observations.

T h e  m ain  r e a s o n  fo r  th e  sm a ll c h a n g e  in  a m m o n ia  
v o la tiliz a tio n  r a te  a t  h ig h e r  w in d  s p e e d s  th e re fo re  
seem s to  be  a  s h i f t  in  d o m in a n c e  f r o m  g a s  p h a s e  
re s is tan ce  to  l iq u id  p h a s e  re s is ta n c e .

T e m p e ra tu re

B ecause  no  c le a r  e ffec t o f  w in d  s p e e d  o n  a m m o n ia  
lo s s  cou ld  be d e te c te d  a t  w in d  s p ee d s  > 2 - 5  m / s ,  d a ta  
an a ly sis  w as b a se d  o n  m e a n s  o f  a m m o n ia  lo s se s  fro m  
e a c h  ex p erim en t in  w h ic h  w in d  s p e e d s  w e re  >  2-5 m / s .  
T h e  use o f  m e a n  v a lu e s  w a s  in t r o d u c e d  to  re d u c e  
in te rc o rre la tio n  in  th e  d a ta  set.

A m m o n ia  lo sses  d u r in g  f o u r  p e r io d s  w e re  a n a l y s e d : 
0 - 6  h , 6 -12  h, 1 2 -2 4  h  a n d  24 h  to  6 d . A m m o n ia  
lo sses  (L ) d u r in g  th e se  p e r io d s  w e re  f irs t e x p re ss e d  as 
a  p e rcen tag e  o f  in i t ia l  T A N  c o n te n t  in  th e  s lu rry . 
H o w ev e r, th is  in t r o d u c e s  s o m e  e r r o r  f o r  la te r  p e r io d s  
b e cau se  T A N  is lo s t  in p re c e d in g  p e r io d s .  A m m o n ia  
lo ss  (L *) ex p re ssed  a s  a  p e rc e n ta g e  o f  re s id u a l  T A N  
c o n te n t  w as th e re fo re  c a lc u la te d  a s

L *  =  I 0 0 £ . / ( 1 0 0 - £ o)

w 'here L 0 is the  lo ss  d u r in g  th e  p re c e d in g  p e r io d s  a s  a 
p e rc e n tag e  o f  in i t ia l  s lu r ry  T A N  c o n te n t .  F o r  th e  
in itia l tim e p e r io d , L  a n d  L *  a re  id e n tic a l .

In  m o s t o f  th e  c a lc u la t io n s  E x p ts  10 a n d  12 w e re  
ex c lu d ed  b ecau se  th e ir  lo ss  p a t t e r n s  d iffe re d  c o n ­
s id e ra b ly  from  th o s e  in  th e  o th e r  e x p e r im e n ts .

T a b le  3 sh o w s th e  c o r r e la t io n  b e tw e e n  a i r  te m ­
p e ra tu re  and  a m m o n ia  lo ss  d u r in g  th e  fo u r  p e r io d s .  
T h e  re la tio n sh ip  betw -een te m p e r a tu r e  a n d  a m m o n ia  
lo s s  is im p ro v ed  b y  e x p re s s in g  th e  lo ss  a s  th e

40-

0-Lr

Air temperature (CC)

Fig. 5. Cum ulative am m onia loss during  the  periods (a) 
0 -6  h. (6) 6-12 h. (c) 12-24 h and (d) 1-6 days as a percentage 
o f  to ta l am m oniacal N  (T A N ) rem aining in slurry a t the 
s ta r t o f  a period in relation  to m ean air tem pera tu re  during  
the period. Surface type: stubble (O ). grass o r clover-grass 
( □ ) .  harrow ed soil or cultivated stubble (O ) .  Solid sym bols 
indicate observations not included in estim ation  o f the lines 
shown. The rl values for the fitted lines a re  (a) 0-841, (b) 
0-524, (f) 0 024 and (d) 0-300.

p e rc e n ta g e  o f  T A N  re m a in in g  in th e  s lu r ry  a t  th e  s ta r t  
o f  a  g iv en  p e r io d , c o n f irm in g  th a t  a m m o n ia  lo s se s  a re  
l in e a r ly  re la te d  to  th e  c o n te n t  o f  T A N  in  s lu r ry  
(B ru n k e  e t at. 1988). T h e  h ig h e s t c o r r e la t io n  b e tw e e n  
a m m o n ia  lo ss  a n d  te m p e r a tu r e  w as o b ta in e d  d u r in g  
th e  in itia l 12 h p e rio d .

T h e  re la t io n s h ip  b e tw e e n  a m m o n ia  lo s s  a n d  te m ­
p e r a tu r e  is sh o w n  in  F ig . 5. T h e  lo ss  r a te  in c re a se d  
w ith  te m p e ra tu re  d u r in g  a ll f o u r  p e r io d s .  T h e  e ffec t 
w<as m o s t p ro n o u n c e d  d u r in g  th e  f irs t 6 h w h e n  a n  
e x p o n e n t ia l  r e la t io n s h ip  b e tw e e n  lo ss  r a te  a n d  te m ­
p e r a tu r e  w a s  o b ta in e d .  N o  su ch  e x p o n e n t ia l  re-
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T a b le  4 . E q u a tio n s  d e r iv e d  fo r  the  re la tio n  b e tw ee n  
a m m o n ia  loss ra te  (L * )  a n d  m ean  a ir  te m p e r a tu r e  (T )  
d u r in g  f o u r  e x p e r im e n ta l p e r io d s , w here T 0 is m e a n  
te m p e r a tu r e  d u rin g  th e  p rev io u s  p e rio d s  s in ce  th e  s ta r t  
o f  th e  e x p e r im e n t ; p H  is in itia l p H  in s lu r r y ; a m m o n ia  
lo s s  is e x p r e ss e d  a s a p e rc e n ta g e  o f  s lu r r y  to ta l  
a m m o n ia c a l N  ( T A X )  rem a in in g  a t s ta r t  o f  a p e r io d . 
E x p e r im e n ts  10 a n d  12 w ere exc lu d ed , g iv in g  a  to ta l  o f

18 observa tio n s

N o. Estim ated equation r~ R.M.S.E.*

0 -6  h
1 L ‘ = 13 0 +  0 031 exp (0 375 T) 0-841 3-98
2 L * =  0-5+  1-68 T 0-611 6-03

6-12  h
3 L* = 5 2 +  0-712 T 0-524 2-33

12-24 h
4 V* =  11-9 +  0-23 r 0024 4-40
5 L* =  12-7-0-50  r o +  0-73 T 0-117 4-32
6 L • = -58-4 + 9-32 p H - 0-28 T„ 0-391 3-72

+  0-60 T
24 h-6 d

7 L ' =  23-6+1-19 T 0-300 7-93

‘ r.m.S.e. =  Roo! M ean Squared Error.

la t io n s h ip  w as  e v id e n t fo r  th e  o th e r  p e r io d s .  T h e  
e q u a t io n s  d e sc r ib in g  th e  re la tio n s h ip  a re  in c lu d e d  in 
T a b le  4  a n d  d e p ic te d  a s  lines  in F ig . 5. T h e  e q u a t io n s  
w e re  d e te rm in e d  u s in g  lin e a r  a n d  n o n - l in e a r  re ­
g re s s io n  p ro c e d u re s  in th e  s a s  s ta t is t ic a l  p a c k a g e  
(S A S  In s t i tu te  198S).

T h e  r e a s o n  fo r  th e  c o r re la t io n  b e tw e e n  lo ss  ra te  
a n d  te m p e ra tu re  is th a t  e q u il ib r iu m  c o n s ta n ts  fo r  
E q n s  1, 2 a n d  3 in c re a se  w ith  te m p e ra tu re  (B e u tie r  & 
R e n o n  1978). A t a  g iv en  c o n c e n tr a t io n  o f  T A N  a n d  
to ta l  in o rg a n ic  c a r b o n  (T IC ), a n  in c re a se  in  te m ­
p e r a tu r e  w ill c a u s e  a  h ig h e r  N H 3 to  N H j*  r a tio .  
F u r th e r m o r e ,  th e  s o lu b il i ty  o f  a m m o n ia  fa lls  w ith  a 
r is e  in  te m p e ra tu re .  T h e s e  e ffects  c a u s e  th e  p a r t ia l  
p re s s u re  o f  a m m o n ia  o v e r  a s o lu tio n  o f  T A N  a n d  T I C  
to  in c re a se  e x p o n e n t ia l ly  w ith  te m p e ra tu re  (V lek  & 
S tu m p e  1978). W h e n  p H  is h igh , c h a n g e s  in  te m ­
p e r a tu r e  w ill s ig n if ic a n tly  a ffec t th e  a m m o n ia  v o la ti l iz ­
a t io n  a s  sm all c h a n g e s  in p H  p ro d u c e  s ig n if ic a n t 
c h a n g e s  in  th e  N H 3 to  N H /  ra tio  o f  th e  s lu rry .

I t  w a s  o n ly  in a few  e x p e r im e n ts  a t  te m p e ra tu re s  
>  16 °C  th a t  th e  e x p o n e n t ia l  re la tio n s h ip  in th e  p e r io d  
0 - 6  h  sh o w n  in  F ig . 5 o c c u r re d . A ll th e se  e x p e r im e n ts  
w e re  c a r r ie d  o u t  o n  h a r ro w e d  so il o r  c u lt iv a te d  
s tu b b le .  A lth o u g h  so il ti llag e  n o rm a lly  fa v o u r s  in fil­
t r a t i o n  o f  T A N  in to  th e  soil a n d  th u s  re d u c es  
a m m o n ia  v o la t i l iz a t io n ,  th e  re su lts  sh o w  th a t  th is  h a s  
n o t  b e en  a n  im p o r ta n t  p ro c e ss  in th e  p re s e n t s tu d y . A  
s te e p  in c re a se  in a m m o n ia  v o la ti l iz a tio n  r a te  fro m

s e w a g e  s lu d g e  a t  t e m p e r a tu r e s  > I 5 ° C  w a s  fo u n d  
a ls o  b y  B e a u c h a m p  e t  a l. (1978).

N o  e x p o n e n t ia l  r e la t io n s h ip  w as fo u n d  fo r  t h e  lo ss  
r a te  d u r in g  6 -1 2  h . T h e r e  w a s  how ever a  s ig n if ic a n t  
e ffec t o f  t e m p e r a tu r e .  T h e  lack  o f  a n  e x p o n e n t ia l  
r e la t io n s h ip  m a y  p a r t ly  b e  ex p la in ed  by  th e  g e n e r a l ly  
lo w e r  te m p e ra tu re s  d u r in g  th is  p eriod . O th e r  f a c to r s  
s u c h  a s  c ru s t  fo r m a t io n  a n d  T A N  in fi l tra t io n  i n to  th e  
so il m a y  a ls o  re d u c e  lo sse s  a t  high  te m p e r a tu r e s .  
A t 1 2 -2 4  h th e re  is a  p o o r  re la tio n sh ip  b e tw e e n  lo ss  
r a te  a n d  te m p e ra tu re .  T h is  p a tte rn  co u ld  be  a n  e ffec t 
o f  t e m p e r a tu r e  in th e  p re c e d in g  p e r io d , a s  h ig h  
te m p e r a tu r e  seem s to  l im it a m m o n ia  lo ss  in  th e  
fo llo w in g  p e r io d s  (F ig .  2 (b )).

T h is  a s s u m p t io n  is s u p p o r te d  by a  n e g a t iv e  c o r ­
re la t io n  b e tw e e n  a m m o n ia  loss from  1 2 -2 4  h  a n d  
m e a n  te m p e r a tu r e  (7^,) d u r in g  the  p re c e d in g  0 -1 2  h 
p e r io d .  T h e  p a r a m e te r  e s tim a te s  o f  a m u lt ip le  l in e a r  
re g re s s io n  m o d e l in c lu d in g  b o th  the  e ffec t o f  t e m ­
p e r a tu r e  ( T )  d u r in g  th e  p e r io d  and  T0 is s h o w n  in 
T a b le  4 . N o n e  o f  th e se  e ffec ts  a re  s ig n if ic a n t.  T h e  
m a rk e d  in c re a s e  in r 2 b y  in c lu d in g  7  ̂ d o e s , h o w e v e r ,  
in d ic a te  a  p o s s ib le  e ffe c t.

A ir  h u m id ity

L a b o r a to r y  e x p e r im e n ts  h a v e  d e m o n s tra te d  a  s t r o n g  
r e la t io n s h ip  b e tw e e n  m o is tu re  loss a n d  lo s s  o f  
a m m o n ia  f ro m  s lu r ry  (M o llo y  & T u n n e y  1983). 
D ry in g  re s u l ts  in a  h ig h e r  c o n c e n tra tio n  o f  a m m o n ia  
in  th e  s lu r ry  a n d  a n  in c re a se d  c o n c e n t r a t io n  o f  
g a s e o u s  a m m o n ia  a t  th e  s lu r ry  surface.

B es id e s  w in d  s p e e d , e v a p o ra t io n  o f  w a te r  in  th e  
fie ld  is o f te n  c o n t r o l le d  b y  ra d ia tio n  b a la n c e ,  te m ­
p e r a tu r e ,  a n d  w a te r  v a p o u r  p ressu re  d e fic it,  f a c to r s  
t h a t  a r e  o f te n  h ig h ly  c o r r e la te d .  I t is a s s u m e d  t h a t ,  a t 
th e  w in d  s p e e d s  a p p l ie d  in  th is  s tudy , w a te r  v a p o u r  
p re s s u re  d e fic it  is th e  m a jo r  fa c to r c o n tro l l in g  w a te r  
e v a p o r a t io n .

E x p e r im e n t  m e a n s  o f  a m m o n ia  loss as  d e s c r ib e d  
fo r  th e  t e m p e r a tu r e  a n a ly s is  w ere also  e m p lo y e d  h e re . 
E x p e r im e n ts  10 a n d  12 w ere  excluded  f r o m  th is  
a n a ly s is .  C o r r e la t io n s  b e tw e e n  loss ra te s  d u r in g  th e  
f o u r  e x p e r im e n ta l  p e r io d s  a n d  w a ter v a p o u r  p re s s u re  
d e fic it a re  s h o w n  in  T a b le  3.

S ig n i f ic a n t c o r r e la t io n  b e tw een  a m m o n ia  lo s s  a n d  
v a p o u r  p re s s u re  d e fic it w as  o b ta in e d  fo r  th e  f irs t tw o  
p e r io d s  (T a b le  3). T h e  c o rre la tio n s  w e re , h o w e v e r ,  
s m a l le r  t h a n  th e  c o r re s p o n d in g  c o r r e la t io n s  fo r  
te m p e r a tu r e .  M u lt ip le  l in e a r  reg ression  a n a ly s e s  w ith  
b o th  t e m p e r a tu r e  a n d  v a p o u r  p re ssu re  d e f ic i t  as  
in d e p e n d e n t  v a r ia b le s  d id  n o t p ro d u c e  s ig n if ic a n t 
p a r a m e te r  e s t im a te s  o f  th e  v a p o u r p re s s u re  d e fic it 
c o m p o n e n t .  T h e  c o r r e la t io n s  show n in  F ig . 6  a r e  th u s  
c a u s e d  b y  c o r r e la t io n  b e tw een  te m p e r a tu r e  a n d  
v a p o u r  p re s s u re  d e fic it .  T h e  h igh  c o r re la t io n  b e tw e e n  
v a p o u r  p re s s u re  d e f ic it  a n d  a m m o n ia  v o la t i l iz a t io n  
s u g g e s te d  by  B ru n k e  e t al. (1988) c o u ld  n o t  be
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Waier vapour pressure deficit (Pa)
Fig. 6. Cumulative am m onia  loss during  the periods (o) 
0 -6  h, (A) 6-12 h as a percentage o f  to ta l am m oniaca l N  
(T A N ) in slurry a t the s ta r t o f  a period in re la tion  to  m ean 
a ir water vapour pressure deficit during  the period . Surface 
type: stubble (O ). grass o r clover-grass ( □ ) ,  harrow ed  soil 
o r  cultivated stubble (<>)■ Solid sym bols ind icate  observ­
a tions not included in estim ation  o f the lines show n. The r2 
values for the fitted lines are (a) 0-507 and  (A) 0-235.

co n firm ed . T h e re  m a y  b e  sev e ra l re a s o n s  f o r  th e  la ck  
o f  a  con sis ten t e ffec t o f  w a te r  e v a p o r a t io n  o n  
a m m o n ia  v o la ti l iz a tio n . T h e  effec t m a y  be  in ­
sign ifican t c o m p a re d  to  te m p e ra tu re  a n d  p H  e ffec ts . 
O th e r  effects o f  h ig h  w a te r  e v a p o r a t io n  r a te s ,  e .g . a n  
acce le ra ted  su rfa c e  c ru s t in g ,  m a y  in c re a s e  re s is ta n c e s  
in  th e  liquid p h a se . T h e  d if fe re n t e ffe c ts  m a y  a lso  
c o u n te ra c t  e ac h  o th e r ,  r e s u lt in g  in  th e  la c k  o f  
c o rre la tio n  b e tw een  w a te r  e v a p o r a t io n  a n d  a m m o n ia  
lo ss.

E ffec t o f  o ther f a c to r s  a n d  p r e d ic tio n  o f  a m m o n ia  
loss

In it ia l  slurry p H  a ffe c ts  a m m o n ia  lo ss. F ig u r e  7 sh o w s  
th e  residuals fro m  th e  t e m p e r a tu r e - d e p e n d e n t  m o d e ls  
in  T a b le  4 in r e la tio n  to  in itia l p H  in th e  s lu r ry .  T h e  
re la tio n sh ip  b e tw een  re s id u a l a m m o n ia  lo s s  a n d  s lu rry  
p H  is only s ig n ific a n t a t  th e  5 %  level f o r  th e  p e r io d  
1 2 -2 4  h.

A  m odel w ith  b o th  th e  t e m p e ra tu re  e ffe c t a n d  th e  
p H  effect in c lu d ed  is sh o w n  fo r  th is  t im e  p e r io d  in 
T a b le  4. O nly  th e  p H  effec t is s ig n if ic a n t in  th is  m o d e l 
a t  th e  5%  level.

T h e  a cc u m u la ted  lo s se s  o f  a m m o n ia  f o r  th e  6 -d a y  
p e r io d s  were c a lc u la te d  b y  E q n s  1. 3, 6 a n d  7 in  T a b le  
4  fo r  the tim e in te rv a ls  0 - 6  h , 6 -1 2  h , 1 2 -2 4  h a n d  1 -6  
d a y s . Figure 8 sh o w s  c a lc u la te d  v. m e a s u re d  a c c u m u ­
la te d  loss over 6 d a y s . L o sses  fo r  s lu r r ie s  a p p l ie d  to

Initial pH in slurry

Fig. 7. R esidual am m onia  loss during the periods (a) 0 -6  h. 
(A) 6 -12  h. (c) 12-24 h and (d) 1-6 days as a percentage o f 
to ta l am m oniacal N  (T A N ) rem aining in slurry at start o f  a 
period  in relation to initial pH  in slurry. The residual loss is 
the  actual loss m inus the estim ated loss using the best 
tem pera tu re-dependen t equations shown in Table 4. Surface 
types: stubble (O ). grass o r clover-grass (□ ) .  harrow ed soil 
o r  cu ltivated  stubble (O ). Experim ents 10 and 12 are 
excluded.

Measured* accumulated loss (^  o fT A N )
Fig. 8. Predicted versus m easured cum ulative am m onia loss 
du ring  6 days as a percentage o f total am m oniacal N (T A N ) 
in slurry. The predicted values are calculated using Eqns I, 
3. 6 and  7 in Table A. Experim ents 10 and 12 are excluded. 
Surface type: stubble (O ). grass or clover-grass (□ ) ,  
harrow ed  soil o r cultivated stubble (O ). Solid symbols 
ind icate  slurries with 8 0 -8 -2 %  DM and open symbols 
ind icate  slurries with 7 0 -7 -2%  DM.

s tu b b le  a re  o v e re s t im a te d . F o r  all e x p e r im e n ts .  4 9 %  
o f  th e  m e a s u re d  lo ss  o v e r  6 d a y s  w as a c c o u n te d  fo r  
w ith  th e  m o d e ls .
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2

2 SUMMARY

3 Gaseous NH 3 losses from pig and cattle slurry stored in eight

4 storage tanks were measured simultaneously using wind-tunnels.

5 The slurry was either stirred weekly (no cover), or was allowed

6 to develop a natural surface crust. Oil, peat, chopped cereal

7 straw, PVC-foil, leca (Pebbles, of burned montmonllonitic

8 clay) and a lid were tested as additional covers. Convective

9 transport of ammonium to the surface layers caused NH3 volati-

10 lization losses of 3-5 g NH 3 -N m - 2 d - 1  from stirred uncovered

11 tanks. The loss of NH 3 from the weekly stirred slurry was

12 related to air temperature. The development of a natural surfa-

13 ce crust reduced losses of NH3 to 20% of those from stirred

14 slurry. NH 3 losses from slurry not developing a natural surface

15 crust layer and left undisturbed were similar to the losses

16 from stirred slurry. A 15 cm layer of straw was as effective as

17 a surface crust layer in reducing NH3 losses. In one experiment

18 cracks developed in the oil cover, and losses were therefore

19 only reduced to 50% compare to uncovered slurry. Apart from

20 this experiment, N H 3 losses from slurry covered by oil, leca ,

21 peat and floating foil were low.

22
23

24 INTRODUCTION

25 Large amounts of ammonium are lost by NH 3 volatilization from

26 livestock farming. Animal production systems are recognised as

27 the major source of atmospheric NH 3 in Europe (Buijsman et et

28 a l .. 1987) . Volatilization of NH 3 reduces the nutrient value of

29 animal manure for plant production. In the atmosphere N H 3 is

30 readily transformed to ammonium in acid cloud droplets. The

31 emitted NH 3 is dry deposited near the source and at greater

32 distances by dry or wet deposition of ammonium (Asman et a l . .

33 1991). Deposition of NH 3 and NH+ 4 may contribute to undesired

34 changes in oligotrophic ecosystems (Schulze et al.. 1989).

35 nh3 volatilization related to livestock farming occurs from

36 stables, manure storages, and during or after land spreading of

37 manure (Jarvis and Pain, 1990) . In Denmark more than fifty

1
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percent of the N in animal manure is collected and applied to 

fields in the form of cattle and pig slurry. Previous studies 

have provided a good understanding of NH 3 losses during and 

after field application of slurry (Christensen, 1986, Jarvis 

and Pain, 1990) . Less is known about N H 3 loss rates from manure 

storages and how the losses may be reduced.

NH3 losses from slurry storage tanks have been determined 

either as the difference in N content before and after a stora­

ge period (Dewes et a l . . 1990) or calculated by the use of

models (Muck and Steenhuis, 1982). Estimating NH 3 losses by the 

recovery of ammonium is not feasible, because NH4 is produced 

by net-mineralization during storage. Estimates of NH 3 loss by 

the differences in total-N of the stored slurry can give 

erroneous results due to sampling variability, denitrification 

and leaching losses. Inhomogenity in total-N is significant in 

stored slurry as the organic nitrogen precipitates or floats to 

the surface. Furthermore, the amount of NH 3 lost may be small 

compared to the amount of stored nitrogen. Recently, Bode 

(1991) has determined the NH 3 loss by drawing air at 1 m s - 1  

through enclosure placed on the top of pilot slurry tanks. It 

was shown that 1 0- 2 0%- of ammonium content of the slurry was 

lost from uncovered slurry tanks.

In the present study, NH 3 losses from pig and cattle slurry 

stored in 4.3 m 3 rectangular pilot-tanks were examined during 

the period February 1990 to June 1991 using a wind tunnel 

system. The effect of seven different surface covers were 

tested by comparing the NH 3 loss to the loss from a weekly 

stirred slurry.

MATERIALS AND METHODS 

NH3 loss from 8 pilot-slurry tanks was examined simultaneously 

by use of 8 wind-tunnel units. The slurry tanks were 90 cm 

wide, 289 cm long and 165 cm deep (surface area 2.60 m 2 , volume 

4.24 m 3 ) . Loss of N H 3 from stored cattle slurry was measured 

during February-June 1990 (Exp. 1) and July-September 1990 

(Exp. 2) , from stored pig slurry during September-December 1990 

(Exp. 3) and February-June 1991 (Exp. 4) . Table 1 shows the

3



1 characteristics of the slurries used in the 4 experimental

2 periods.

3

4 Ammonia Loss Measurements

5 The NH-j losses were measured using eight wind-tunnel units.

6 Each unit consisted of an inverted box made from transparent

7 polycarbonate (40 cm high, 100 cm wide and 310 cm long), which

8 covered the slurry tank. At one end, the box was left open

9 while the opposite end was attached to a circular metal duct

10 (470 cm long and diameter 40 cm) housing a DC-powered fan. The

11 metal duct was equipped with a vane anemometer head (Messtech-

12 nich Reinhard GMBH) measuring wind speed. Temperature was

13 recorded in the metal ducts of two wind tunnels and at 10, 25,

14 50, 100 and 150 cm depth in two slurry tanks using thermocouple

15 sensors. Signals from sensors and anemometers were scanned at

16 1 minute intervals and stored as hourly means on a data logger

17 (Datataker 200). The wind speed within the metal duct could be

18 adjusted, the signals being displayed on a personal computer.

19 After passing surface of the slurry tank and the vane

20 anemometer, the air stream was sampled in front of the fan by

21 use of suction pumps (ASF 7010 Z) and teflonpipes (FEP teflon) .

22 During February to March 1990, NH 3 -concentrations were mea-

23 sured with an NH3 monitor (Thermo Electron Model 14 AA).

24 From April, the airstream was sampled at a rate of 4 litres

25 min - 1  and drawn through 250 ml gas washing bottles fitted with

26 a sintered air distribution heads of glass. The flasks con-

27 tained 100 ml of 0.01 M  H 3P04 . The air flow rate was checked by

28 a flowmeter. NH3 trapped in the orthophosphoric acid was sub-

29 sequently determined colorimetrically by use of an autoanalyzer

30 (Technicon autoanalyzer II, Segmented Flow Analytical Instru-

31 ments) used essentially, as described by Crooke and Simpson

32 (1971).

33 During February to May 1990, the NH 3 loss was determined from

34 one slurry-tank per day. In the following periods, the N H 3 loss

35 from the 8 slurry tanks were measured simultaneously. The con-

36 centration of NH3 measured at the inlet of the wind tunnels was

37 used as background concentration. N H 3~concentrations in air

4
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from the 8 wind-tunnels and background NH 3-c0ncentrati0ns were 

determined simultaneously using nine sets of acid traps and 

pumps. The acid traps were changed every 24 h during the first 

four days after stirring the uncovered slurry, during the next

3 days the absorption period was 72 h.

Treatments

Slurry thoroughly stirred once a week was considered to be an 

uncovered treatment (Table 2 ) . One treatment was a crust layer 

which was applied onto the slurry (Exp. 2) or developed in the 

surface of the slurry (exp. 3 and 4) . In the 6 other treat- 

ments, additional covers of oil, peat, straw, PVC-foil, leca 

and a lid were placed on the surface crust (Tabel 2) .

During Exp. 1 no surface crust developed on the unstirred 

cattle slurry. Therefore in Exp. 2, surface crust material was 

taken from a farm slurry tank and placed on the surface of the 

pilot slurry tank.

Slurry analyses

The amount of NH+4-N + N H 3 -N (Total Ammoniacal Nitrogen = TAN) 

in the slurry was determined by direct distillation with MgO, 

the NH3 being collected in boric acid-indicator solution and 

titrated with standard HC1 solution (Sommer et a l . 1992).

Total-N was analysed using Kjeldahl digestion and automatic 

distillation-titration on a Tecator Kjeltec Auto 1030 analyzer. 

Dry matter content (DM) was determined gravimetrically after 

oven drying at 80°C. Bulk pH of the slurry was determined with 

a standard electrode (Radiometer).

Calculations

For each absorption period, background atmospheric NH-j 

concentrations were subtracted from concentrations obtained 

from the wind tunnels, and the NH3 loss for each period was 

calculated as follows:

5



6

J = A x W x  (,NHi e - N H 3 b )

1

2

3

4 where:

5 J = NH 3 loss, g NH 3 -N s - 1

6 A = area of steel duct, m 2

7 W = wind speed in the steel duct, m s - 1

8 NH 3e = n h 3 concentration in air from an experimental

9 tunnel, g NH3-N m - 3

10 NH3b = nh3 concentration in background air, g NH3-N m - 3

11

12 RESULTS

13 Mean air temperatures were 7°C and 17°C during the experiments

14 with cattle slurry and 7°C and 6°c in the experiments with pig

15 slurry (Table 3) . In the top layers of the slurry, the mean

16 temperatures were 1 to 3°C higher than in the air, and tempera-

17 tures did not increase further at greater depths. The mean wind

18 speed recorded during the four periods ranged from 3.3 m s - 1  to

19 4 . 4 m  s~ 1 (Tabel 3 ) .

20 During exp. 1, the NH3-loss was measured periodically,

21 therefore mean daily NH3-loss rate are presented for each month

22 in the period. Consequently, peaks in NH3-loss rates due to

23 stirring of the slurry do not appear in Figure 1. In the

24 following experiments N H 3-loss rates increased two to three

25 fold after stirring (Fig. 2 ) . Two to four days after stirring,

26 the loss rate approached the values determined before stirring.

27 In Exp. 1 the slurry did not develop surface crust and the

28 NH 3-1oss rate increased during the period (Fig. 1) . After

29 formation of a crust layer in Exp. 2 and , NH3-loss rates

30 decreased from cattle and pig slurry (Fig. 2). In Exp. 4, NH3-

31 losses from pig slurry with a surface crust were high during

32 the first month, then loss rates decreased.

33 Additional surface covers of straw, oil, leca® and peat redu-

34 ced the NH3-loss rate compared to that from stirred slurry

35 (Fig. 2 ) . Generally, the loss rates were more or less constant
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or decreased slightly during the experiments. For the oil and 

peat cover, the NH 3 -I0ss rate increased with time in Exp. 2 and

4, respectively, because cracks developed in the oil layer and 

along the sides of the peat layer. In all experiments, the NH 3- 

losses from slurry tanks covered with PVC-foil and a lid were 

small.

In order to compare the loss rates from the four experiments 

to values reported in the litterature mean daily NH3 -I0ss rates 

were calculated (Fig. 3) . The reduction in NH3 losses from 

covered slurry compared to losses from stirred slurry are 

presented in Table 4. Mean N H 3 loss rates from stirred slurry 

varied between 0.1 and 5.2 g N H 3-N m - 2 d _ 1 . Surface coverings 

on the surface crust surface reduced NH 3 losses to less than 

50% of that from the uncovered slurry.

DISCUSSION

The wind speed in the steel duct were preset to 3-4 m s- 1 , 

because the mean yearly wind speed in Denmark is 4 m s- 1 . At 

wind speeds higher than 3 m s- 1 , NH 3 loss rate are not 

significantly affected by variations in wind speed (Olesen and 

Sommer, unpublished). Mainly because the gas phase resistance 

(boundary layer) becomes insignificant at higher wind speeds 

(Sommer et a l .. 1991). The losses determined in this study may 

therefore be compared without adjusting for the small differe­

nces in actual wind speed (Tabel 3) .

Besides the effect of convective transport of atmospheric NH 3 

from the slurry surface, the rate of NH 3 -I0ss depends on the 

concentration of atmospheric NH 3 above the slurry surface. At 

constant pH and temperature, this concentration is linearly 

related to the TAN concentrations in the slurry surface (Vlek 

and Stumpe, 1978) and increases with pH and temperature.

Despite the higher concentrations of TAN in pig slurry than 

in cattle slurry (Table 1), N H 3 loss rates were similar for 

both slurries (Fig. 1 & 2) . The losses from pig slurry were 

probably reduced by the development of a thick surface crust. 

In contrast, cattle slurry developed a thin or no surface crust 

(Table 2) .

7



1 The NH 3 loss rates were high from stirred slurry (Fig. 2) ,

2 because mixing increased the concentrations of TAN in the

3 surface layer (data not shown). When slurry was stirred, N H 3~

4 loss rates were generally high during the following 24-48 h

5 period. Then loss rates decreased (Fig. 2) , as TAN concen-

6 trations in the surface layer were reduced. Diffusive transport

7 of TAN from deper layers to the surface was too slow to replace

8 the volatilized NH 3 (see also Muck and Stenhuis, 1982) . The

9 results thus indicate that depletion of NH 3 at the slurry

10 surface was the rate limiting factor for N H 3 losses from stored

11 slurry.

12 No surface crust developed on the cattle slurry in Exp. 1.

13 The NH 3 loss from the unstirred slurry was similar to that from

14 slurry stirred once a week. Presumably because TAN was trans-

15 ported by convection to the surface layers as shown for N H 4-

16 fertilized flooded rice paddies (Leuning et al. . 1 9 8 4 ) .

17 Furthermore no airfilled dry crust could reduce the transfer of

18 atmospheric NH3 from the slurry surface.

19 In contrast, a stagnant air layer was developed above the

20 liquid fraction of slurry covered by crust, straw, peat, or

21 leca . Through this layer atmospheric NH 3 had to be transported

22 by diffusion. This transport is slow and the concentration of

23 atmospheric NH3 at the slurry surface will increas, whereby at

24 transfer of NH 3 from the slurry to the air layer above the

25 slurry is reduced. The increasing thickness of the crust layer

26 during the experiments reduced loss rates from the slurry

27 storages with no additional cover. A similar gradual reduction

28 in N H 3 losses was observed from slurry that developed a crust

29 layer below the leca and straw layers (Fig. 2). In Exp. 4, the

30 crust did not dry up until April and the NH3 loss did not

31 decline before the stagnant air layer developed. During the

3 2 period when the crust surface was wet, TAN could be transported

3 3 upwards as water evaporated from the surface.

34 NH3 loss rates from oil and peat covered storages were low.

35 A surface layer of oil reduces NH3 volatilization because TAN

36 is not soluble in oil. Peat creates a dense layer through which

37 transport of atmospheric NH3 will be limited. During Exp. 1,

8



1 gas bubbles penetrated the oil and some NH3 loss occured thro-

2 ughout this experiment (Fig. 2) . Only small losses were

3 determined in the experiments where pig slurry was covered with

4 oil, indicating that the cattle slurry produced more gas

5 (probably in form of methane) than the pig slurry (Hashimoto et

6 al. 1980). During Exp. 2 cracks developed in the oil layer as

7 the oil was partly absorbed by crust materials, and the crust

8 dried up. As a consequence NH3 loss rates increased during the

9 experimental period (Fig. 2) . Cracks developed at the interface

10 of the peat and the walls of the tank in the Exp. 4 and NH3

1 1 losses increased.

12 NH3 loss rates were small from slurry tanks covered with a

13 lid or a PVC-foil. Gas was entrapped under the floating PVC-

14 foil, which curved upward in the center. Thereby a slit was

15 formed between the foil and the walls of the slurry tank,

16 through which small amounts of NH3 was lost.

17 IWhen slurry was stirred weekly mean daily N H 3 loss from

18 cattle slurry was 3.5 g NH3-N m-2 d - 1  and 5.2 g N H 3-N m - 2  d - 1

19 in Exp. 1 and 2, respectively. In Exp. 3 and 4 with pig slurry,

20 3.9 g N H 3 -N m - 2 d - 1  and 4.6 g NH3 -N m - 2 d - 1  was lost. For a

21 summer and a winther périod, Bode (1991) found higher N H 3 loss

22 rates from pig slurry but similar rates for cattle slurry. The

23 lower losses from pig slurry in the present study is ascribed

24 to the development of a massive surface crust, which did not

25 develop on the slurry studied by Bode (1991). Loss rates from

2 6 slurry with surface covers were 1 to 60% of the loss rate from

27 the stirred slurry (Table 4). Bode (1991) found that the NH 3

28 losses were reduced by 0-37%, when a natural crust was formed,

29 and 63-79% when the crust was improved by addition of straw.

30 Bode (1990) showed that roofings and floating covers could

31 reduce losses of N H 3 with more than 80%.

32 Based on the results annual losses of NH3 from stirred slurry

33 is estimated to 1.6 and 1.5 kg NH 3-N m - 2 from cattle and pig

34 slurry, respectively. For a farm scale storage tank having a

35 depth of 3 m, these losses correspond to 12% of the total-N and

36 21% of TAN in cattle slurry. Corresponding valued for pig

37 slurry are 8% of total-N and 12% of TAN. These losses are

7
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1 considered to represent maximum values as the mixing intensity

2 was high.

3

4

5 CONCLUSION

6 Mean daily NH 3 loss rate were between 3.5 g N H 3-N m - 2 d - 1  and

7 5.2 g NH 3-N m - 2 d - 1  from cattle and pig slurry being weekly

8 stirred. From unstirred cattle slurry without a surface crust,

9 similar NH 3 losses were obtained.

10 A 15 cm deep layer of straw was as effectively as a crust

11 layer in reducing N H 3 losses from cattle slurry. When a crust

12 layer was formed below the straw, NH 3 losses was reduced to 3-

13 17% of losses from uncovered slurry.

14 Cracks may develop in oil layer used to cover slurry during

15 storage. In one experiment with a perforated oil layer, N H 3

16 losses were only reduced to 50% of the losses from uncovered

17 slurry.

18 Generally a natural crust, peat, leca, oil, PVC-foil or a lid

19 will reduce N H 3 losses to between 0 and 30% of the losses found

20 for stirred slurry.

21
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2 Legends to Figures.

3

4 Fig. 1. Mean daily N H 3 -loss rates during February -June 1990

5 (Exp. 1) from stored cattle slurry with eight different surface

6 covers. NH 3 -concentrations were determined with an N H 3 -

7 monitor during February and March and with gas washing bottles

8 during April to June.

9

10 Fig. 2. Daily NH3-loss rates from stored cattle and pig slurry

11 with eight different surface coverings. The experiments were

12 carried out during the following periods: Exp. 1, Dec. 1989-

13 June 1990; Exp. 2, July-Sept. 1990; Exp. 3, Sept.-Dec. 1990;

14 Exp. 4, Febr.-June 1990. Surface covers:-B-B, Oil;*-*-, Straw;

15 A-A-, Crust;*— Uncovered;-i—H, Lid;#- -̂, pvc-foil ;&■ -© Peat;

16 «—o-, Leca®.

17

18 Fig. 3. Mean daily N H 3-loss rates from stored cattle and pig

19 slurry with eight different surface coverings. * Denotes that

20 no surface crust was formed. The experiments were carried out

21 during the following periods: Exp. 2, July-Sept. 1990; Exp. 3,

22 Sept.-Dec. 1990; Exp. 4, Febr.-June 1990.

23

24

25

1



Table 1. characteristics of the cattle and pig slurries.

E x p . 

n o .

Experimental

period

Type Total-N 

g N I 1

TAN* 

g N r ‘

PH Dry matter 

%

1 2 1 . Dec. 89- Cattle 5.2 2.5 7.5 5.9

15. Jun. 90

2 6 . Jul. 90- Cattle 4 .1 2 . 6 7.7 5.9

2 . Sep. 90

3 18. Sep. 90- Pig 5.8 4.1 7.3 4.6

1 0 . Dec. 90

4 27. Feb. 91- Pig 6 . 1 4.2 7.4 7.4

25. Jun. 91

‘'TAN = NHj-N + NH4 + - N .



T a b l e  2 .  T h i c k n e s s  a n d  d r y  m a t t e r  c o n t e n t  o f  t h e  s u r f a c e  c r u s t  a n d  c h a r a c t e r i s t i c s  o f  t h e  a d d i t i o n a l  c o v e r .

Treatment

Lid

PVC-foil

Peat

Leca

Oil

Straw

Crust

Uncovered

Description Surface crust

Exp. 1 Exp. 2 Exp. 3 Exp. 4

Thickness

cm

DM

%

Thickness

cm

DM

%

Thickness

cm

DM

%

Thickness DM 

cm %

Wodden cover (Width, length, and thickness; 950, 5

2950, 20 mm), fastened by screws to the slurry tank. 

Floating cover of polyester coated on both sides NSC

with PVC (thickness 2 m m ) , and boarded with an 

airfilled container. Inflatable Constructions,

Esbjerg, Denmark.

Sphagnum peat cover (thickness 90 mm), pH 4-5, 3

1.6% content of ash, 2% sand. Pindstrup Mosebrug,

Ryomgård, Denmark.

Cover of airfilled pebbles (thickness 90 mm) based NSC

on burned montmorillonitic clay, 10-20 mm, 215 kg m'3.

Danish Leca A/S, Copenhagen, Denmark.

Cover of unrefined oil (thickness 10 mm) from oil 4

seed rape (COLZRO). Holes and cracks developed in 

the rape oil cover in Exp. 1 and 2. Aarhus 

Oliefabrik, Aarhus, Denmark.

Cover of chopped wheat straw (thickness 170 m m ) . NSC

Cover of natural surface crust developed mainly NSC

of straw residues in the slurry. No surface crust 

developed in Exp. 1.

Slurry thoroughly stirred once a week. Within 1-2 1

days a cover of surface crust developed after 

stirring in Exp. 1, 3 and 4.

12

NSC

11

NSC

15

NSC

NSC

13

NSC NSC

NSC NSC

NSC

NSC

NSC

7

NSC

NSC

NSC

20

NSC

13

NSC

14

10

10

15

10

15

16

14

15

16

29

18

20 15

30 18

17 18 16

18 20 21

19 16 21

23
30

21

20

18

NSC : No surface crust was formed.



Table 3. Mean wind speed measured in the metal duct and mean air 

temperature during the experiments (SD in brackets).

Experiment

No.

Duct 

wind 

speed 

m s '1

Temperature

Air

°C

Depth in slurrv tank

10 cm 25 cm 40 cm 100 cm 

°C

160 cm

1 3 . 3 7'

(0.7) (4.2)

2 3 . 5 17 18 18 18 17 6

(0.5) (4.2) (1.4) (1.3) (1 .2 ) (0.9) (0 .8 )

3 4.4 7 10 10 10 9 10
(0 .6 ) (4.8) (5.2) (4.3) (3.7) (3.4) (2.9)

4 4 . 0 6 8 7 7 7 6
(0.7) (5.2) (6.3) (5.6) (5.0) (4.6) (3.9)

* Measured at a nearby climate station (20 c m). Temperature 

measured occasionally in the tunnel was 1-2°C higher.



Table 4. Relative losses of NH3 from covered slurry ( % of loss from 

weekly stirred slurry.)

-------- Cattle slurry -----  -------- Pig slurry -----

Surface Exp. 1 Exp. 2 Exp. 3 Exp. 4

covering % % % %

Lid 1 3 0 5

PVC-foil 26 7 2 9

Peat 19 1 16 32

Leca 17 14 5 12

Oil 27 AB** 0 2

Straw 60 7 3 17

Crust* 105 13 8 24

Uncovered 100 100 100 1 0 0

* During the Exp. 1 no crust was developed. 

m  Cracks developed in the oil layer.
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LEAF ABSORPTION OF GASEOUS AMMONIA AFTER APPLICATION OF PIG 

SLURRY ON SAND BETWEEN ROWS OF WINTER WHEAT

Sven G. Sommer1^, Erik S. Jensen2 ), and Jan K. Schjørring3 )

-*■) Department of Plant Nutrition and Physiology, Askov 

Experimental Station, Vejenvej 55, DK-6600 Vejen, Denmark.

2) Plant Biology Section, Environmental Science and Technology 

Department, Rise National Laboratory, DK-4000, Roskilde, Denmark.

3) Section of Soil, Water and Plant Nutrition, Royal Veterinary

and Agricultural University, Thorvaldsensvej 40, DK-1871

Frederiksberg, Denmark.

Summary

Application of slurry to the soil between rows of crops reduces 

ammonia losses, compared to slurry applied onto crops by splash 

plates. In the present investigation the effect of wind reduction 

by a winter wheat crop and the leaf absorption of volatilized 

ammonia after application of slurry to the soil between rows of 

wheat was studied. The ammonium in the slurry was labelled with 

1SN. Gaseous N loss from the slurry varied from 6.9 g N m -2 to

11.1 g N m - 2 . At 5 cm height the wheat crop did not influence the 

ammonia loss from the slurry, while a 43 cm high crop reduced the 

ammonia volatilization from 98% to 90% of applied ammonium, 

showing that crop height had an influence on the amount of 

ammonia lost from the applied slurry. The 5 cm and the 43 cm high 

wheat crop absorbed 2.2% and 3.3% of the lost ammonium, 

respectively.
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Large amounts of ammonium in surface applied slurry are lost by 

ammonia volatilization (Jarvis and Pain, 1990), thereby reducing 

the nutrient efficiency of the slurry. Ammonia volatilization 

from slurry can be reduced by incorporation or injection of the 

slurry into the soil (Thompson et a l . . 1987) . Recently it has 

been shown that trail hose application of slurry on the soil 

between rows of a crop may reduce ammonia volatilization (Bless 

et a l .. 1991).

The reduced ammonia volatilization from slurry applied on the 

soil between plant rows may be due to absorption of ammonia by 

the leaves of the crop (Sommer and Jensen, 1991; Whitehead and 

Lockyer, 1987), or to a reduction in wind speed within the crop 

(Denmead et a l . . 1982) . A reduced wind speed within the crop will 

increase the ammonia concentration above the slurry, and thus 

reduce the transport of ammonia from the slurry to the air. 

Furthermore absorption of ammonia will increase with increasing 

atmospheric ammonia concentrations (Whitehead and Lockyer, 1987).

In this study, we examined to what extent absorption of ammonia 

by plant leaves reduces ammonia volatilization losses from slurry 

applied on the soil between rows of wheat. Slurry enriched with 

15N-ammonium was spread to sand placed in trays on the soil 

surface between the rows of winter-wheat (Triticum aestivum. 

Lam) . By this procedure the volatilized ammonia could be traced 

in the plants when harvested.

Material and methods

Ammonia losses from pig slurry applied to a bare soil and to a 

winter wheat crop (Triticum aestivum. L ami were determined in the

- 396  -
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field. Two experiments were carried out during the periods 

24.4.91-1.5.91 (April experiment) and 28.5.91-4.6.91 (May 

experiment) . Transparent roofs of PVC were placed on the plots 

during rain.

To each plot was applied 2.9 to 3.1 kg m -2 of pig slurry 

corresponding to 7.5 to 14.4 g NH+ 4-N m~2 . The slurry was poured 

onto 1.6 to 2.0 kg nitrogen free sand placed on trays (50 cm by

7 cm) located between the rows of winter wheat and on trays 

placed on an uncropped soil. In the spring 120 kg N/ha in 21:4:10 

NPK-fertilizer was broadcast to the wheat, in rows with a space 

of 11 cm in between. Three trays with 7 cm in between were placed 

in each plot, covering a total area of 0.25 m 2 . Leaf area, plant 

height and plant age characterized by Feeke's scale were 

determined.

To the slurry was added 0.4 g NH4+ -N in (NH4)2S04 (60 atom %

15N excess) per L of slurry. Microbial activity in the slurry was 

inhibited by addition of 1.75 ml of a solution containing 25 g 

HgClj per L.

At the beginning of the experiments 100 g slurry samples were 

taken and stored at -18°C. After seven days of exposure, the sand 

and slurry mixture from the three trays in a plot was collected 

in jars, which were sealed weighed and stored at -18°C. The sand 

and slurry mixture was homogenized in a mortar and 5 samples per 

jar were collected for analysis. Plant tops were harvested at the 

soil surface. Roots were isolated by randomly taking three 4 .5 cm 

diameter soil cores to 50 cm depth in each plot, and gently 

washing the soil of the roots. The plant material was oven-dried 

at 80°C for 24 hours, weighed and ground.

- 3 9 7  -



Total-N in the sand and slurry mixture and slurry was 

determined by the use of a Kjeldahl-digestion followed by 

distillation with NaOH and titration with a Kjeltec Auto 1030 

Analyzer (Tecator). Ammonium content was determined by 

distillation with MgO and titration with an Kjeltec Auto 1030 

Analyzer (Tecator). Ammonium in the distillate was diffused to an 

acid impregnated filter for determination of 15N enrichment. 

Total-N and 15N enrichment in the dried and finely ground plant 

material and 15N enrichment in the acid impregnated filters were 

determined by an elemental, analyzer (Carlo Erba NA 1500), 

interfaced to an isotope ratio mass spectrometer (Delta, Finnigan 

MAT) (Jensen, 1991) .

Results and Discussion

The last four days of each experiment, the plots were sheltered 

from rain by PVC roofs. The roof absorbed 20-30 % of the 

photosynthetic light. This may have reduced the uptake of ammonia 

by the leaves (Rogers and Aneja, 1980). In April, the wheat was 

low due to a cold spring and the leaf area was small (Table 1) . 

A few weeks before the May experiment started, temperatures had 

increased. Consequently the plants grew vigorously, and height

Table I. Mean air temperature, plant height, stage on Feekes 

scale and leaf area index in the two experimental periods.

Experimental period

- 398 •

April May

Air temperature °C 5.2 9.6
Plant height, cm 5 43
Peekes scale 4 7
LAI index 0.68 4.83



and leaf area increased considerably relative to the April 

experiment.

The gaseous N loss from the trays varied from 6.9 g N m -2 to

11.1 g N m - 2 , as determined by the difference in total-N at the 

beginning of the experiments and at the end (Table 2) . The 

greatest loss was from the plot with 5 cm high wheat plants in 

the April experiment. The smallest loss of N was from the plot of

4 3 cm high wheat plants in the May experiment. A substantial part 

of the ammonium added was lost (Table 2) , probably due to the low 

cation exchange capacity of the sand and the sustained drying 

conditions. The higher losses of applied ammonium in the May 

experiment was probably due to a higher temperature (Sommer et 

al ■ 1991) . There was no significant reduction in losses of

ammonia from slurry applied to the plot with low wheat plants, 

but the ammonia loss was reduced from 98 % to 90 % in the 

experiment with high wheat plants (Table 2), indicating that the 

reduction of wind speed in the canopy reduced the transfer of 

ammonia from the slurry to the atmosphere, compared to the 

uncropped plot.

In the April and May experiment the wheat plants absorbed 0.24 

g NH-j-N m -2 and 0.23 g NH-j-N m - 2 , respectively (Table 3). A

Table II. Loss of ammonium from the surface applied pig slurry.

I - 3 9 9  -

Period Surface

Caracte r i s t i c

A m mount of 

N H 4+ added 
g N H 4 + -N m ~ 2

Ga6eous

-2
g N m

loss 

% of

n h 4+ .

of N 

-N added

April Uncropped 14.16 10.8 79

Wheat, 5 cm 14.36 11.1 77

Kay Uncropped 7.47 7.3 98

Wheat, 43 cm 7.66 6.9 90

8



Table m .  Total-N content and absorption by wheat leaves of 

gaseous ammonia volatilized from the surface applied pig slurry.

- 4 0 0  -

Wheat top W h e a t  root Uptake of

N - total Labelled NH^ 

g N m”2 g N

N - total 

g N m -2

L a b e l l e d  NHj 

g N m “2

Labelled NHj 

g N m*'^

Apr i l 4.98 0.22 1.89 0.02 0. 24

M a y 14.24 0.22 3.14 0.01 0.23

similar uptake of ammonia in the two periods was not expected, as 

uptake is related to leaf area. However high concentrations of 

gaseous ammonia, due to a high emission of ammonia may have 

provided a high absorption of ammonia by the wheat plant with a 

small leaf area in the April experiment. In Hay the ammonia loss 

was much smaller and the absorption of ammonia by the wheat 

plants may have been restricted by lower concentrations of 

gaseous ammonia. However the more efficient uptake of ammonia by 

a greater plant canopy resulted in a 3.3% uptake of lost ammonia 

in May compared to 2.2% in April.

Application of slurry on the soil between rows of winter wheat 

reduced the loss of ammonia, due to absorption of ammonia by 

plant leaves and a reduced loss of ammonia from the slurry. From 

the plot with a 5 cm high wheat crop, ammonia loss from the top 

of the canopy was only reduced by uptake of ammonia by the 

leaves, while the reduced loss from a 43 cm high crop was due to 

both a reduced ammonia volatilization from the slurry and to 

uptake of gaseous ammonia by the plants. Due to plant uptake and 

reduced ammonia volatilization from the slurry in the 43 cm high



wheat crop, the ammonia loss was reduced with 9%, compared to the 

loss from slurry applied to an uncropped soil.

- 401 -
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S V E N  G .  S O M M E R

Résumé
F o r d e l i n g e n  a f  gylle  fra  t o  g y l l e s p r e d e r e  m e d  e n  
h o j t -  og  e n  l a v t s id d e n d e  c e n t r a l  s p r e d e p l a d e  s a m t  
e n  s p r e d e r  m e d  s p r e d e b o m  o g  s e k s  s p r e d e p l a d e r  
v a r  s t a r k t  p i v i r k e t  a f  s i d e v i n d .  M e d  c e n t r a l t  p l a ­
c e r e t  s p r e d e p l a d e  f o r d e l t e s  g y l l e n  u j æ v n t  p å  
t v ; t r s  a f  k o r s e l s r e t n i n g e n .  D e r  b l e v  rr ri lt  d e  
m in d s te  m æ n g d e r  m id t  f o r  o g  d e  s t o r s t e  i s i d e r n e  
a f  s p r e d e f e l t e t .

A m m o n i a k - t a b e t  b lev  b e s t e m t  s o m  f o r s k e l l e n  i 
a m m o n i u m - i n d h o l d e t  i g y l le  f o r  o g  e f t e r  u d s p r e d ­
n ing .  T a b e t  v a r  m in d r e  e n d  4 p c t .  a f  d e n  u d b r a g t e

a m m o n i u m ,  u a n s e t  o m  d e r  b lev  a n v e n d t  e n  g y l l e ­
s p r e d e r  m e d  e n  l a v t s id d e n d e  s p r e d e p l a d e  o g  e t  
s t o r t  s p r e d e f e l t  e l l e r  e n  h ø j t s i d d e n d e  s p r e d e p l a d e  
o g  e t  l il le  s p r e d e f e l t .  D e r  v a r  i n g e n  m å l e l i g  f o r ­
s k e l  i a m m o n i a k - t a b e t  v e d  a n v e n d e l s e n  a f  d e  t o  
g y l l e s p r e d e r e .

P å  g r u n d  a f  a m m o n i a k - f o r d a m p n i n g  k u n n e  
i n d h o l d e t  a f  a m m o n i u m  i g y l l e p r o v e r n e  æ n d r e s  
v æ s e n t l i g t  u n d e r  o p b e v a r in g ,  s å f r e m t  p r o v e b e -  
h o l d e r e n  i k k e  v a r  h e l t  fy ld t  og  f o r s y n e t  m e d  t æ t ­
s l u t t e n d e  l åg .

Nogleord : A rr .m on iak fo rdam pn in i .  a m m o n iu m ,  gy l le .  u d s p re d n in g ,  s p redefe l t  og gyllespreder.

S u m m a r y
Tw o s lu r ry - s p re a d e r s  e q u i p p e d  w i t h  a  c e n t r a l  
sp r ink le r-p la te  s i tua ted  o n e  a n d  tw o  m e t r e s  a b o v e  
th e  g r o u n d  re spec t ive ly ,  a n d  o n e  s l u r r y - s p r e a d e r  
w i th  a s p r e a d in g  b a r  h a v i n g  s ix  s p r i n k l e r - p l a t e s  
w e re  in c lu d e d  in th is  s tudy .  W i n d  a c r o s s  t h e  d r i v ­
ing  d i r e c t io n  c a u s e d  a n  u n e v e n  s p r e a d i n g  o f  t h e  
slurry. T h e  tw o  s p r e a d e r s  w i t h  c e n t r a l  s p r i n k l e r -  
p l a t e s  p r o d u c e d  th e  h i g h e s t  s l u r r y  a p p l i c a t i o n  
r a t e  in t h e  s ides  an d  th e  l o w e s t  r a t e  in  t h e  c e n t e r  
o f  th e  s p r e a d in g  fan.

T h e  a m m o n i a  loss  w a s  d e t e r m i n e d  a s  th e  d i f f e r ­

e n c e  in  t h e  a m m o n i u m  c o n t e n t  in  s a m p l e s  t a k e n  
f r o m  t h e  t a n k  o f  th e  s p r e a d e r  a n d  c o l l e c t e d  d u ­
r i n g  s p r e a d i n g  in  c o n ta in e r s  p l a c c d  o n  t h e  s o i l  
s u r f a c e .  L o s s e s  d u r i n g  s p r e a d i n g  r e p r e s e n t e d  l e s s  
t h a n  4 p e r  c e n t  o f  th e  a m o u n t  o f  a m m o n i u m  
a p p l i e d .  S i m i l a r  lo s se s  w e re  f o u n d  f o r  b o t h  
s p r e a d e r s  w i t h  c e n t r a l  s p r in k l e r - p l a t e s .

U n l e s s  s a m p l e  c o n ta in e r s  w e r e  f i l l e d  c o m ­
p l e t e l y  a n d  c l o s e d  w i th  a n  a i r t ig h t  l id .  a  s u b s t a n -  
c ia l  lo s s  o f  a m m o n i u m  t o o k  p lace  d u r i n g  s t o r a g e  
o f  s l u r r y  s a m p l e s .

Key « ords :  Ammonia  vola t i l iza t ion ,  a m m o n iu m ,  s lu rry ,  s p re a d in g - fa n .  sp read ing  machine.
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Indledning
D e r  f i n d e s  i n g e n  d a n s k e  o g  k u n  e n k e l t e  u d e n ­
l a n d s k e  u n d e r s o g e l s e r  a f  N H ; - f o r d a m p n i n g e n  
v e d  u d s p r e d n i n g  a f  gylle .  dvs .  t a b  a f  N H ;  f r a  g y l ­
l e n  f o r l a d e r  s p r e d e r e n ,  til d e n  r a m m e r  j o r d e n .  
R e s u l t a t e r n e  a f  d e  u d e n l a n d s k e  u n d e r s o g e l s e r  e r  
m e g e t  f o r s k e l l ig e .  B esson  ei a l. ( 1 )  f a n d t  t a b  p å  
10-14 p c t .  a f  gy l lens  N H j ' - i n d h o l d  u n d e r  u d ­
s p r e d n i n g .  m e n s  Pain er al. (3 )  f a n d t  t a b  p å  m i n d r e  
e n d  é n  p c t .

D e r  e r  d e r f o r  b e h o v  f o r  m å l i n g e r  a f  N H . : - f o r -  
d a m p n i n g e n  v ed  u d s p r e d n i n g  a f  g y l le .  F o r u d e n  e t  
b e d r e  k e n d s k a b  til t a b e t s  s t o r r e l s e .  vil d e t  v æ r e  a f  
i n t e r e s s e  a t  f å  k e n d s k a b  ti l .  o m  t a b e t  v a r i e r e r  
m e d  m a s k i n t y p e ,  ide t  nye g y l l e s p r e d e r e  b l . a .  u d ­
v ik l e s  m e d  h e n b l ik  på  a t f o r b e d r e  u d n y t t e l s e n  a f  
k v æ l s t o f i n d h o l d e t  i gylle .

F o r  a t  s i k re  d e t  fu lde  u d b y t t e  a f  d e n  u d b r a g t e  
s v l l e  e r  e n  jæ v n  fo rd e l in g  n o d v e n d i g .  S o m  l e d  i 
u n d e r s o g e l s e n  b lev  fo r d e l i n g e n  a f  g y l l e  m e d  t r e  
f o r s k e l l i g e  m a s k i n t y p e r  d e r f o r  u n d e r s o g t .  h e r u n ­
d e r  in d f l y d e l s e  a f  v indd r i f t .

M etode
N H . ; - t a b e t  b l e v  b e s t e m t  s o m  f o r s k e l l e n  i N H ^ * -  
i n d h o l d e t  i gylle  fo r  o g  e f t e r  u d s p r e d n i n g ,  d a  e n  
r e d u k t i o n  i g y l le n s  N H j ' - i n d h o l d  a n t a g e s  a t  h i d -  
r o r e  f r a  N H ; - f o r d a m p n i n g e n  i f o r b i n d e l s e  m e d  
u d s p r e d n i n g e n .

N H j * - i n d h o l d e t  i gyl len  f o r  u d s p r e d n i n g  b l e v  
b e s t e m t  i p r o v e r  u d t a g e t  f ra  g y l l e s p r e d e r e n s  t a n k  
f o r  o g  e f t e r  u d s p r e d n in g .  F o r  h v e r t  f o r s o g  b l e v  
g y l le n  i t a n k e n  o m h y g g e l ig t  b l a n d e t .

D e n  u d s p r e d t e  gy l le  b l e v  o p s a m l e t  i 6 1 o p s a m ­
l i n g s b e h o l d e r e  o p s t i l l e t  i t r e  r æ k k e r  p å  tvæ rs  a f  
k o r s e l s r e t n i n g e n  ( t a b e l  1). A f s t a n d e n  m e l l e m  o p ­
s a m l i n g s b e h o l d e r n e  b l e v  a f p a s s e t  e f t e r  s p r e d e -  
b r e d d e n .  I d e  f o r s t e  t r e  fo r s o g  b l e v  d e r  p å  o p s a m ­
l i n g s b e h o l d e r e n  s a t  t æ t s l u t t e n d e  låg  u m i d d e l b a r t  
e f t e r  o p s a m l i n g  a f  d e n  u d s p r e d t e  g y l le ,  o g  gyllen 
b l e v  o p b e v a r e t  h e r i  i e t  u o p v a r m e t  r u m  ind t i l  a n a ­
ly se .  I d e  e f t e r f o l g e n d e  fo r s o g  b l e v  e n  d e l  a f  gyl­
l e n  s t r a k s  o v e r f o r t  til l u f t tæ t t e  b æ g re  (200  m l ) ,  d e r  
in d t i l  a n a l y s e  b l e v  o p b e v a r e t  i k o l e s k a b .  B æ g r e n e  
b l e v  f y ld t ,  s å  d e  i k k e  i n d e h o l d t  lu f t .

A n a l y s e
U m i d d e l b a r t  e f t e r  s p r e d n i n g  b l e v  m æ n g d e n  a f  o p ­
s a m l e t  gy l le  b e s t e m t  ved  ve jn in g .

F o r u d  f o r  a n a l y s e  b l e v  o p s a m l i n g s b e h o l d e r n e  
i n d e h o l d e n d e  g y l l e  o p b e v a r e t  i 2 til 6  u g e r i  e n  k o ­
lig  g a n g .  B æ g r e n e  b l e v  o p b e v a r e t  m a k s i m a l t  tre 
d a g e  i k o l e s k a b .  G y l l e n s  p H  b l e v  b e s t e m t  m ed  
p H  e l e k t r o d e  ( R a d i o m e t e r ) .  N H ,T - i n d h o l d e t  
b l e v  b e s t e m t  v e d  d e s t i l l a t i o n  e f t e r  t i l s æ tn in g  af  
M g O  o g  C u S O  ... o g  N H ;  b l e v  o p s a m l e t  i e t fo r lag  
i n d e h o l d e n d e  b o r s y r e  o g  A .  C .  A n d e r s e n  in d ik a ­
to r .  D e r p å  b e s t e m t e s  d e t  o p s a m l e d e  N H j '  ved  ti ­
t r e r i n g  m e d  H C 1 .

O p b e v a r i n g  a f  g y l l e p r ø v e r  
O p b e v a r i n g e n s  i n d f l y d e l s e  på  N H , T - i n d h o ! d e t  i 
g y l l e p r o v e r  b l e v  b e s t e m t  ved  a t  u d t a g e  300  ml 
g y l le  f r a  g y l l e s p r e d e r e n s  t a n k  o g  o p b e v a r e  p r ø ­
v e r n e  i s e k s  o p s a m l i n g s b e h o l d e r e  ( v o l u m e n  6 I) 
m e d  t æ t s l u t t e n d e  lå g .  s o m  b e s k r e v e t  o v e n f o r .  Ved

Tabel 1. Dimensioner af spredefelt og a fs tand m e llem  opsam lingsbeholderne .  
G eom etry o f  slurry fan  end distance between the coUetors.

Gyllespreder Sprede- A gcreca t S p red e Sprede Afs tand  mellem Distance between
aggrea;ii hojde b re d d e la n g d c

Slurry• Application H eight W idth Length nekke  af opsamlingsbeholdere
spreader device o f  fa n o ffa n opsamlingsbeholdere i rækkerne

rows o f  collectors collectors in rows
nr. m m m m m

1 Central spredeplade 1 11 9.5 6 1.3
Central sprinkler-pl:itt

2 Central spredeplade 2 6 4.2 6 0.8
Central sprinklcr-pia:c

3 Spredebom med
seksspredeplader 1 12 0 6 1.5
Bar with six 
sprinklcr-plates
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d e n n e  o p b e v a r i n g s m e t o d e  i n d e h o l d t  b e h o l d e r n e  
u d o v e r  gyllen  o g s å  5 . 7  I lu f t .  F r a  d e  s e k s  o p s a m ­
l in g s b e h o ld e r e  b l e v  g y l le  f r a  t o  b e h o l d e r e  u d t a g e t  
til analyse  e f t e r  h e n h o l d s v i s  4 .  7 2 .  144 t im e r s  o p ­
b evar ing .

T ab  a f  N H /  v e d  o p b e v a r i n g  a f  gy l le  i 200 m l  
b æ g re  b lev  u n d e r s ø g t  v e d  a t  o p b e v a r e  gy l len  i 13 
h e l t  fy ldte  b æ g re  m e d  låg .  F e m  b æ g r e  b le v  t i l s a t  
svovlsyre .  I n d h o l d e t  a f  N H /  b l e v  e f t e r  t r e  d o g n s  
o p b e v a r in g  s a m m e n l i g n e t  m e d  i n d h o l d e t  i gy l le  
o p b e v a r e t  i b æ g re  u d e n  t i l s s t n i n g  a f  sy re .  D e n  
fo r s u re d e  gylles  p H  v a r  m i n d r e  e n d  s e k s ,  h v i lk e t  
h in d r e r  N H ; - f o r d a m p n i n g .

B e r e g n i n g e r
N H ; - f o r d a m p n i n g e n  fo r  h v e r  r æ k k e  a f  o p s a m ­
l i n g s b e h o l d e r e  b l e v  b e s t e m t  s o m  f o r s k e l l e n  m e l ­
l e m  g e n n e m s n i t t e t  a f  d e n  o p s a m l e d e  g y l le s  
N H / - k o n c e n t r a t i o n  o g  k o n c e n t r a t i o n e n  i g y l l e  
u d t a g e t  i g y l l e s p r e d e r e n s  t a n k .  I d e  f o r s o g .  h v o r  
g y l l e p r o v e r n e s  v æ g t  b l e v  b e s t e m t ,  b le v  d e r  f o r  
h v e r  r æ k k e  b e r e g n e t  e t  v æ g te t  g e n n e m s n i t  a f  
N H / - k o n c e n t r a t i o n e r n e .  D e r v e d  b le v  d e r  k o m ­
p e n s e r e t  f o r  e n  u jæ v n  f o r d e l in g  a f  g y l le n  p å  t v æ r s  
a f  k o r s e l s r e t n i n g e n .  T a b e t  b le v  b e r e g n e t  p å  f o l ­
g e n d e  m å d e :

T a b  og fo rde l ing  v e d  u d s p r e d n i n g
I p e r io d e n  16. n o v e m b e r  19S7ti l  13. j u n i  1 9 S 9 b le v  
d e r  g e n n e m f o r t  15 u n d e r s o g e l s e r  a f  a m m o n i a k ­
f o r d a m p n i n g e n  v e d  u d s p r e d n i n g  a f  g y l le .  U n d e r -  
s o g e ls e rn e  g e n n e m f o r t e s  p å  n i  f o r s k e l l i g e  fo r so g s -  
d a g e  ( tabe l  2 ) .  T e m p e r a t u r e n  v a r i e r e d e  m e l l e m  
-  1 .0 'C  og  2 3 .2 : C  o g  v i n d h a s t i g h e d e n  m e l l e m  0 .6  
o g  6 .7 m/s.
T re  forske ll ige  t y p e r  a f  g y l l e s p r e d e r e  b lev  a n ­
v e n d t  ( tabe l  1). D e r  b l e v  i é t  f o r s o g  d .  16. n o v e m ­
b e r  19S7 a n v e n d t  s v in e g y l l e .  1 d e  o v r ig e  fo r so g  a n ­
v e n d te s  kvæ ggy lle .  p H  i g y l l e n  v a r  m e l l e m  7 .4  o g
S.0  fo r  u d s p r e d n in g .  D e r  b l e v  u d s p r e d t  m æ n g d e r  
s v a r e n d e  til m e l l e m  10 o s  41 t / h a .

N H / . r . i  ” M .r . i

N H ; ( t a b ) .  r =  N H 4" ( t a n k ) - i = 1..7
M.r. i

i =  1..7

N H .;  ( t a b ) ,  r :  A m m o n i a k t a b  i r æ k k e  r.
N H / . r . i :  N H /  k o n c e n t r a t i o n e n  i r æ k k e  r.

o g  o p s a m l i n g s b e h o l d e r  nr. i.
M .  r. i: O p s a m l e t  m æ n g d e  gy l le  pr.  s p a n d  i

r æ k k e  r. og  o p s a m l i n g s b e h o l d e r  
n r .  i.

N H /  ( t a n k ) :  D e t  g e n n e m s n i t l i g e  N H / - i n d h o l d  
i s v l l e  u d t a g e t  i t a n k e n .

Tabel 2. G>Ilespredtfr. gylle type. m xngde  af udbragt gylle og ve jrfo rho ld  i lobe t  af forsogene. 
Slurry spreader. ly p i o f  slurry, am oun t o f  applied slurry an d  c lim atic co n d itio n s  during experiments.

Dato Gyl!e- Udbragt Gvllens n h 4- Gylle- V in d ­ V ind­ Kørsels­ T em pera tu r
Date spreJer mængde PH \ H r t y p e ’ hast ighed retning retning Temperature

Slurry• A m o u n t Slurrv Slurry W ind grader grader
spreader p H  ' type sp eed W ind Driving

direction direction
nr. t/ha pct. m/s degrees degrees : C

16.11.S7 1 20 7.6 0.29$ Sz 5.1 195 360 7.5
*1 40 7.6 0.29$ Sg 5.1 195 360 7.5

OS.I2.S7 1 23 7.9 0.300 Kg 0,6 2S7 360 - 1.0
30 7.9 0.300 Kc 0.6 2S7 360 - 1.0

22.0: . ss 1 10 S.0 0.276 Ka 3.0 259 360 5.9
y 56 S.0 0.276 Kg 3.0 259 360 5.9
- 33 S.0 0.276 Kg 3.0 259 360 5.9

26.0$.$$ 1 27 7.9 0.222 Kg 2.4 130 360 13.7
1 31 7.9 0.222 Kg 2.4 130 360 13.7

12. 10.$$ 1 23 7.9 0.226 Kg 6.7 92 90 9.6
■> 27 7.9 0.226 Kz 6.7 92 90 9.6

14.I2.SS 1 29 7.4 0.245 Kg 3.5 330 360 3.9
17.02.S9 3S 7.6 0.257 Kg 2.5 231 ISO 2.5
10.05.S9 i 41 7.7 0.259 Kg 2.6 2S2 270 11.2
!.'.06.S9 2 41 7.S 0.255 Kg 3.5 99 1$0 23.2

' Sg Svinegylle. Pig slurry.
K i  Kv:caavlle. Cattle slurrv.
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N H ; - t a b e t  p r .  r æ k k e  e r  e n  o b s e r v a t i o n  f o r  e n  m a ­
s k in e  en  b e s t e m t  d a g .  M i d d e l v æ r d i  o g  s p r e d n i n g  
fo r  N H j  t a b e t  v e d  u d s p r e d n i n g  b l e v  b e r e g n e t  m e d  
S A S  p ro c .  g lm .  p r o c e d u r e  (4 ) .  N H 3- t a b e t  e r  
d e r p å  b e r e g n e t  s o m  p c t .  a f  d e n  u d b r a g t e  m æ n g d e  
N H / .

p H  i g y l le n  e f t e r  s p r e d n i n g  b l e v  b e r e g n e t  v e d  a t  
o m r e g n e  p H  til h y d r o g e n i o n k o n c e n t r a t i o n .  G e n ­
n e m s n i t t e t  a f  h y d r o g e n i o n k o n c e n t r a t i o n e n  b l e v  
b e r e g n e t  o g  o m r e g n e t  til p H .

Resultater og diskussion
A m m o n i a k t a b  v e d  o p b e v a r i n g  a f  g y l l e p r ø v e r
S å f r e m t  g y l l e p r o v e n  k u n  o p t a g e r  e n  l i l le  d e l  a f  
p r o v e b e h o l d e r e n s  v o l u m e n ,  vil d e r  k u n n e  s k e  e n  
n e t t o - f o r d a m p n i n g  a f  N H ; . in d t i l  d e r  o p s t å r  l i g e ­
væ gt  m e l l e m  g y l le n s  o g  lu f t e n s  i n d h o l d  a f  N H j .  
D a  o p s a m l i n g s b e h o l d e r n e s  v o l u m e  v a r  6 I o g  g y l ­
l e n  k u n  o p t o g  200  m l  a f  d e t t e  v o l u m e n ,  k u n n e  e n  
de l  a f  N H r - i n d h o l d e t  t a b e s  f r a  p r o v e n  u n d e r  o p ­
b e v a r in g e n .

In d h o l d e t  a f  N H /  fa ld t  o v e r  s e k s  d o g n  ( t a b e l  
? ) .  F a lde t  i N H j ' - k o n c e n t r a t i o n e n  m o d s v a r e r  e n  
n e t t o - f o r d a m p n i n g .  d e r  k a n  m æ t t e  l u f t e n  i b e h o l ­
d e r e n  m e d  N H ; .  D e r i m o d  v a r  d e r  e f t e r  t r e  d o g n s  
o p b e v a r i n g  i b æ g r e  in g e n  s i g n i f ik a n t  f o r s k e l  m e l ­
le m  i n d h o l d e t  a f  N H /  i u b e h a n d l e t  g y l le  o g  i f o r ­
s u r e t  gyl le .  O p b e v a r i n g  a f  g y l l e  i f y l d t e  b æ g r e  
u d e n  in d h o ld  a f  luft  h i n d r e r  s å l e d e s  N H 4~ - t a b  u n ­

d e r  o p b e v a r i n g  i o p  til t r e  do g n .  dvs.  d e n  m a k s i ­
m a l e  t i d  d i s s e  p r o v e r  b le v  o p b e v a r e t  in d t i l  a n a l y ­
s e .

A m m o n i a k t a b  v e d  u d s p r e d n in g  a f  gylle  
N H j - f o r d a m p n i n g e n  b e s t e m t  ved d i f f e r e n s m e t o ­
d e n  b e s t å r  a f  t a b e t  u n d e r  s e h e  u d s p r e d n i n g e n  o g  
t a b e t ,  m e n s  g y l l e n  l igger  i o p s a m l i n g s b e h o l d e ­
r e n .  E v e n t u e l l e  t a b  ved  v indd r i f t  a f  a e r o s o l e r  b e ­
s t e m m e s  ik k e  m e d  o i f f e r e n s m e to d e n .  I f o r s o g e ­
n e .  h v o r  d e n  o p s a m l e d e  gylle  s t raks  b l e v  h æ l d t  
o v e r  i b æ g r e ,  v a r  d e t  m å l te  t ab  m e l le m  1 o g  4  p c t .  
a f  d e n  u d b r a g t e  N H /  ( t a b e l  4). D e r  v a r  i k k e  v æ ­
s e n t l i g  f o r s k e l  p å  f o r d a m p n i n g e n  ved d e  t o  b e r e g ­
n i n g s m e t o d e r .  T a b e n e  v a r  u a fhæ ng ige  a f  t e m p e ­
r a t u r  o g  a f  d e  t o  m a s k i n ty p e r .  D e t te  f o r h o l d  t i l ­
s k r i v e s .  a t g y l le n s  o p h o ld s t i d  i luf ten e r  så  k o r t v a ­
r i g .  a t  e v e n t u e l l e  fo r sk e l l e  i f o r d a m p n i n g e n  i k k e  
e r  m å l e l i g e  m e d  d e n  h e r  a nvend te  m e t o d e .  D e  
m å l t e  f o r s k e l l e  i N H : - f o r d a m p n i n g e n  s k y l d e s  a n ­
t a g e l i g  f o r s k e l l e  i d e n  t id .  d e r  er f o r l o b e t .  i n d e n  
p r o v e r n e  b l e v  o v e r f o r t  f ra  o p s a m l i n g s b e h o l d e r e  
t i l  b æ g r e .

I d e  f o r s o g .  h v o r  g y l len  e f ;e r  o p s a m l i n g e n  b l e v  
o p b e v a r e t  i o p s a m l i n g s b e h o l d e r e  ( l u f t v o l u m e n
5 . 7  1). f a n d t e s  d e r  N H :- i a b  på  m ellem  7 o g  4 0  p c t .  
a f  g y l l e n s  N H / - i n c h o l d  ( tabe l  5).  D e  s t o r r e  t a b  
m å  t i l s k r iv e s ,  a t  d e r  m e d  d e n n e  f r e m g a n g s m å d e  
e f t e r  u d s p r e d n i n g  s k e t e  t a b  a f  a m m o n i a k  v e d  o p ­
b e v a r i n g  o g  h å n d t e r i n g  a f  g y l lep ro v e rn e .

Tabel 3. Æ ndringer  i cyllsns indhold af N H j"  ved opbevar ing  i opsam lingsbeholde r ;  med lig  (.'00 ml i 6 1 b e h o ld e re )  
og i fyldte 200 ml bægre med og uden syretilsætning.
Change in concentrations o f  S H /  in slurry  sto red  in collectors 1300 m l slurry in 6 1 collectors) with lilts a nd  in boxes  
<0.2001} if/;/t untreated and acidified slurry.

NH,"  i gylle opbevaret i opsamlingsbeholdere  (6 1). 
S H /  in slurry stored in collectors.

Tid. timer 4 72 1-4
Time hours
N H /  0.234 0.229 0.222

(± 0 ) (± 0 .0 0 3 ) ( ± 0 .00-)

N H /  i evlle opbevaret i lufttætte bægre.
S H j* in slurry stored in airtight boxes.

Forsuretgyl!e.. p c t .N H j* X =  0 .222- S =  0.005 n =  5
Acidified slurry
Ubehandlet cvlle. pct. N H j* X =  0.226* S =  0.005

OOIIc

Untreated slurry

" Ikke signifikant forskel. 5 pct. niveau.
S o  significant difference, 5 per ceni level.



Tabel 4. Ammoniaklab og ;cndringer i gyllens pH ved udspredn ing  a f  gylle. Gylleprover opbevaret i 200 ml bægre  
uden luftvolumen.
Loss o f  ammonia and change in slurry p H  during application o f  slurry. Sam ples were stored in 200 m l boxes w ithou t 
air-filled headspace.

Dato Gylle­ Start pH Slut pH N H /  forskel pct. N H / tab i pct.  a f
Date spreder Start p H Final p H N H j*  d ifference Te udbragt N H /

Slurry- N H j- loss in 9c o f
spreader Simpelt gns. (1) M xngdevaegmgns.  (2) N H j* applied

Average (I) Weighted average (2)

X s X s r 2 ‘

12.10.SS 1 7.9 8.0 -0.006 0.001 -0 .006 0.002 3 3
2 7.9 8.0 -0.009 0.001 -0.006 0.001 4 4

14.I2.SS 1 7.4 7.6 -0.003 0.002 -0.003 0.002 1 1
17.02.89 T 7.6 7.9 -0.005 0.002 -0.005 0.003 2 2
10.05.S9 2 7.7 7.7 -0.011 0.001 4
13.06.S9 2 7.3 7.9 -0.004 0.002 -0 .005 0.002 2 2

" 1. Beregnet som et simplet gennem snit .  Calculated as a s im p le  average. 
’ 2. Beregnet som et v i g t e t  gennem snit .  Calculated as w eighted average.

D et  m ål te  t a b  v a r  la v t  v e d  f o r s o g e t  u d f o r t  d .  13. 
ju n i  19S9 selv  o m  l u f t t e m p e r a t u r e n  v a r  h o j  
(23 .2 : C).  D e t t e  s k y ld e s  s a n d s y n l ig v i s ,  a t  o v e r f ø r s ­
le n  af gyllen til b æ g r e n e  s k e t e  h u r t i g e r e  e n d  i d e  
ovrige  fo rsog .  E n  v a r i e r e t  h e n l i g g e t i d  i o p s a m ­
l in g s b e h o ld e r en  k a n  m e d f o r e  e n  v a r i a t i o n  i s t o r ­
re isen  a f  a m m o n i a k t a b e t .  D i r e k t e  m å l i n g e r  a f  
N H . ; - fo rd a m p n in g e n  s t o t t e r  d e n n e  a n t a g e l s e  (3 ) .  
id e t  d e r  m e d  e n  m e t e o r o l o g i s k  m a s s e b a l a n c e m e ­

t o d e  b ! e v  m å l t  t a b  p å  m i n d r e  e n d  1 p c t .  a f  d e n  u d ­
b r a g t e  gy l le .

B e s s o n  e t  al. (1 )  u n d e r s o g t e  t a b e t  a f  N H 4* v e d  
d i f f e r e n s m e t o d e n  i f o r s o g .  h v o r  g y l l e n  b l e v  o p ­
s a m l e t  p å  b a k k e r  o g  lå i 20  m i n u t t e r  f o r  p r o v e t a g -  
n i n g .  R e s u l t a t e t  v is te ,  a t  N H . ; - t a b e t  u m i d d e l b a r t  
e f t e r  u d b r i n g n i n g  k a n  v æ re  b e t y d e l i g t ,  h v i s  e t  
t y n d t  l a g  gy l le  h e n l ig g e r  p å  j o r d o v e r f l a d e n  k o r t  
t i d .  D e t  s a m m e  ses  a f  u n d e r s o g e l s e r  a f  a m m o n i -

Tabel 5. Ammoniaktab og  ændringer i gyllens pH  ved udspredn ing  og opbevaring af gylle. Gylleprover o p b ev are t  i 
6 I opsamlingsbeholdere m ed 5.7 I luftvolume.
Loss o f  ammonia and change in s lurry p H  during application and  storage o f  slurry. Samples were stored in 6 1 containers 
with air-filled headspace (5 .7 1).

Dato Gylle­ Start pH Slut p H N H / forskel pct. N H / tab i pct . a f
Dette spreder Start p H Final p H N H j ' difference  9c udbragt N H /

Slurry- N H j ' loss in 9c o f
spreader Simpelt gns. (1) Mængdev ægtetgns. (2) content o f  N H j *

Average (1) Weighted average (2)

X S X S r 2”

16.11.S7 1 7.6 7.1 - 0.12 0,011 40
2 7.6 9.9 -0 .05 0.036 17

0S.12.S7 1 7.9 7.3 -0 ,06 0.022 20
2 7.9 7.4 -0 .06 0.015 20

■••> 01 SS 1 S .0 S.4 -0 .03 0.006 - 0.02 0.003 11 7
2 S .0 S.4 -0 .03 0.001 - 0.02 0.001 7 7
3 S .0 S.5 -0 .03 0,002 -0 .03 0.002 11 11

26.OS.SS 1 7.9 - -0 .03 0,007 -0 ,03 0.006 14 14
■) 7.9 - - 0.02 0.006 -0 ,03 0.004 9 14

" I. Beregnet som et simplet gennem snit .  Calculated as a s im p le  average. 
2. Beregnet som et vxgte t gennem snit .  Calculated as weighted average. 327
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Fig. 1 A - C  S p redefe l t  ved udspro j tn ing  af gylle. A f ­
s tand  m e llem  o p s am l in g sb eh o ld e rn e  er opmålt fra 

venstre  m od  hojre  i kørselsretn ingen.  
D istribution o f  the applied slurry  during application o f  
slurry. D istance between collectors is measured fro m  the 

left to the right in the driving direction.

0 22. februar 1353
0 25. august 19S3
D 12. oktober 1958
X 17. februar 1929
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a k f o r d a m p n in g e n  f ra  gy l le  p å  j o r d o v e r f l a d e n  ( 2 . 
5 ) .  idet de r  e r  m i l t  t a b s h a s t i g h e d e r  p å  12.1 k g  
N H j-N . 'ha  pr. t im e  u m i d d e l b a r t  e f t e r  u d b r i n g n i n g  
a f  gylle (3).

G y llens  p H  p å v i r k e s  a f  N H - , - f o r d a m p n i n g o g  a f  
o m s æ tn in g  af  o r g a n i s k  m a t e r i a l e  i g y l l e n .  1 d e  fo r -  
s o g .  hvor  gyllen  b l e v  o p b e v a r e t  k o r t  t i d  i k ø l e ­
s k a b .  h a r  o m s æ t n in g  n æ p p e  h a f t  i n d f l y d e l s e  p å  
gyllens  p H .  D e n  m å l t e  s t i g n i n g  i g y l l e n s  p H  i d i s s e  
fo r so g  f tabel 4) m å  d e r f o r  a n t a g e s  a t  v æ r e  f o r å r s a ­
g e t  a f  en  s to rre  f o r d a m p n i n g  a f  C O : e n d  a f  N H ;
( 6 ). I fo rsoge ne  u d f o r t  i p e r i o d e n  16. n o v e m b e r  
19S7 - 2 6 .  augus t  19SS ( t a b e l  5 ) .  e r  p H  i d e  t r e  f o r ­
s o g  fa ldet og  i f ire  f o r s o g  s t e g e t .  D e t t e  k a n  s k y l ­
d e s  såvel fo r d a m p n i n g  a f  C O ; o g  N H ;  s o m  o m s æ t ­
n in g  af o rga n isk  m a t e r i a l e ,  i d e t  g y l l e n  i d i s s e  f o r ­
so g  blev o p b e v a r e t  i o p  til s e k s  u g e r  f o r  a n a l y s e .

F o rd e l in g  a f  u d s p r e d t  gylle  
M e d  de  t re  g y l l e s p r e d e r e  b l e v  g y l l e n  s p r e d t  
u jæ vn ;  på tværs  a f  k o r s e l s r e t n i n g e n .  G y l l e s p r e ­
d e r n e  m ed  c e n t r a l t  p l a c e r e t  s p r e d e p l a d e  b r a g t e  
m e r e  gylle ud  i s i d e r n e  e n d  c e n t r a l t  i s p r e d e f e l t e t  
(f ig . 1A og IB ) .  E n  u jæ v n  f o r d e l i n g  k a n  m o d v i r ­
k e s .  s åf rem t s p r e d e p l a d e r n e s  i n d s t i l l i n g  j u s t e r e s .

Forskellen  i s p r e d e f e l t e t  m e l l e m  f o r s o g s d a g e  
sky ldes  forske l le  i v i n d p å v i r k n i n g .  N å r  v i n d r e t ­
n in g e n  var  v in k e l r e t  p å  k o r s e l s r e t n i n g e n ,  b l e v  
s p re d e f e l t e t  p å v i rk e t  v e d  v i n d h a s t i g h e d e r  p å  2 til 
3 m 's  (fig. 1A .  IB  o g  I C ) ,  u a n s e t  o m  g y l l e n  b l e v  
u d s p r e d t  m e d  s p r e d e b o m  e l l e r  m e d  c e n t r a l  s p r e ­
d e p la d e .

A f  de to  g y l l e s p r e d e r e  m e d  c e n t r a l t  p l a c e r e t  
s p r e d e p la d e  va r  g y l l e s p r e d e r e n  m e d  s t o r s t  s p r e -  
d e fe l ;  mest  fø lsom  o v e r  f o r  s i d e v i n d .  V ed  e n  v i n d ­
h as t ig h e d  på 5 m 's  o g  v i n d r e t n i n g  p å  l a n g s  a d  k o r -  
s e ls re ;n ing  b lev  s p r e d e f e l t e t  i k k e  p å v i r k e t .  S p r e -  
de fe l re t  fra g y l l e s p r e d e r e n  m e d  s p r e d e b o m  b l e v  
o g s å  på v irke t  a f  s i d e v i n d .

Konklusion
M e d  de h e r  a n v e n d t e  g y l l e s p r e d e r e  v a r  N H . ; - fo r -  
d a m p n in g e n  ved  u d s p r e d n i n g e n  a f  gy l le  r e l a t i v t  
lille s a m m e n h o ld t  m e d  d e  o v r i g e  a m m o n i a k t a b  
v ed  h u s d y rg ø d n in g e n s  h å n d t e r i n g .  R e s u l t a t e r n e  
v iser ,  a t f o r d a m p n i n g e n  e r  a f  s a m m e  s t o r r e l s e .

u a n s e t  o m  gyl len  u d b r in g e s  m e d  g y l l e s p r e d e r  
m e d  6  e l l e r  11 m s p r e d e b r e d d e .

F o r d e l i n g  a f  gylle  v a r  m e g e t  u jæ v n  v e d  u d s p r e d ­
n i n g  a f  g y l le  m e d  t r e  fo rske l l ige  g y l l e s p r e d e r e .  
D e l s  v a r i e r e d e  m æ n g d e n  af  gylle u d b r a g t  p å  t v æ r s  
a f  k ø r s e l s r e t n i n g e n ,  de ls  va r  s p r e d e f e l t e t  m e g e t  
f o l s o m t  o v e r  fo r  s id ev in d .  G y l l e s p r e d e r e  m e d  
b e d r e  f o r d e l i n g  o g  m in d r e  v in d f o l s o m h e d  b o r  u d ­
v i k l e s .  P l a c e r i n g  a f  gyllen  tæ t  ved  j o r d o v e r f l a d e n  
vil b i d r a g e  ti l.  a t v in d e f fe k te n  b e g r æ n s e s .

N H ; - t a b e t  u m i d d e l b a r t  e f ; e r  u d b r i n g n i n g  k a n  
v æ r e  b e t y d e l i g t .  Ved u d b r in g n i n g  a f  gy l le  i v æ k s t ­
s æ s o n e n  k a n  u d læ g n in g  a f  gy lle  u n d e r  v e g e t a t i ­
o n e n  m e d v i r k e  til en  n e d s a t  N H . ; - f o r d a m p n i n g  o g  
b e v i r k e  e n  m in d r e  v in d fo l so m  o g  m e r e  e n s a r t e t  
f o r d e l i n g  a f  gyl le  p i  tværs  a f  k o r s e l s r e t n i n g e n .  D i ­
r e k t e  n e d f æ l d n i n g  a f  gylle vil e l im in e r e  såve l  u d ­
b r i n g n i n g s t a b e t  s o m  d e t  t a b .  d e r  f i n d e r  s t e d  m e l ­
l e m  u d s p r e d n i n g  o g  nedbr ingp . ing .
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Resumé
T i l  b e s t e m m e l s e  a f  f o r d a m p n i n g s t a b c t  a f  a m m o ­
n i a k  f r a  u d b r a g t  h a n d e l s -  o g  h u s d y r g ø d n i n g  b l e v  
o p b y g g e t  e t  v i n d t u n n c l s y s t c m  b e s t å e n d e  a f  f i r e  
t u n n e l c n l i c d c r ,  e n  d a t a o p s a m l i n g s e n h e d  o g  e t  s y ­
s t e m  a f  g a s v a s k e f l a s k e r  til o p s a m l i n g  a f  a m m o ­
n i a k  i luf t .  V i n d t u n n c l s y s t c m e t  m u l i g g ø r  e n  d i ­
r e k t e  b e s t e m m e l s e  a f  a m m o n i a k i n d h o l d e t  i d e n  
lu f t ,  d e r  f o r l a d e r  d e t  g ø d e d e  a r e a l .  D e s u d e n  k a n  
v i n d h a s t i g h e d  o g  n e d b ø r  s t y r e s .  M e d  s y s t e m e t  
k a n  d e r  i h v e r t  f o r s ø g  u n d e r s ø g e s  o p  ti l f i r e  b e ­
h a n d l i n g e r  s a m t i d i g t .

H v e r  t u n n c l c n h e d  b e s t å r  a f  e n  o m v e n d t  U - f o r -  
m c t  p o l y c a r b o n a t p l a d c ,  d e r  d æ k k e r  f o r s ø g s a r e -  
a l e t  ( 0 , 5  X 2  m ) ,  o g  e t  2 , 3  m  l a n g t  m e t a l r ø r  m o n t e ­
r e t  m e d  e n  r e g u l e r b a r  v e n t i l a t o r ,  d e r  s k a b e r  e n  
l u f t s t r ø m  h e n  o v e r  f o r s ø g s u r c a ! e t .  H a s t i g h e d e n  a f  
l u f t s t r ø m m e n  g e n n e m  m e t a l r ø r e t ,  l u f t t e m p e r a t u ­
r e n ,  o g  j o r d t e m p e r a t u r e n  (2  c m  d y b d e )  u n d e r  p o -  
l y c a r b o n a t t u n n e ! e n  r e g i s t r e r e s  h v e r  t i m e .  F ø r  
l u f t s t r ø m m e n  f o r l a d e r  m e t a l r ø r e t ,  i n d s a m l e s  d e l ­
p r ø v e r  a f  l u f t s t r ø m m e n .  L u f t e n  l e d e s  g e n n e m  e n  
g a s v a s k e f l a s k e  m e d  e n  f o s f o r s y r e o p l ø s n i n g ,  s o m  
b i n d e r  a m m o n i a k k e n  i l u f t e n .  E t  p r o g r a m m e r ­
b a r t  s t y r e s y s t e m  t i l k o b l e t  m a g n e t v e n t i l c r  s k i f t e r  
a u t o m a t i s k  m e l l e m  f i r e  g a s v a s k e f l a s k e r  p r .  t u n ­

n e l e n h e d .  A m m o n i a k i n d h o l d e t  i g a s v a s k e f l a -  
s k c r n e  b e s t e m m e s  e f t e r f ø l g e n d e  v ed  e n  B c r t h c l o t  
r e a k t i o n .

D e n  g e n n e m s n i t l i g e  g e n f i n d e l s e  a f  a m m o n i a k  
f o r d a m p e t  f r a  g y l l e  b l e v  i f i re  fo r sø g  b e s t e m t  ti l 74 
p c t .  (C V ,  9 , 7  p c t . ) .  D e  e f t e r f ø l g e n d e  b e s t e m m e l ­
s e r  a f  t a b e t  a f  a m m o n i a k  k o r r i g e r e s  m e d  f a k t o r e n  
100/74 f o r  a t  b e r e g n e  d e t  t o t a l e  f o r d a m p n i n g s t a b .  
D e n  i t u n n e l e n  m å l t e  l u f t t e m p e r a t u r  v a r  i o v e r ­
e n s s t e m m e l s e  m e d  t c m p c r a t u r d a t a  f r a  e n  n æ r l i g ­
g e n d e  k l i m a s t a t i o n  ( 1,8 m ' s  h ø jd e ) .

T r e  g a n g e  i p e r i o d e n  5 .  m a j  -  23. j u n i  1 9 8 7  o g  
f i r e  g a n g e  i p e r i o d e n  11. f e b r u a r - 8 . m a r t s  1988 
b l e v  d e r  g e n n e m f ø r t  u n d e r s ø g e l s e r  a f  a m m o n i a k ­
t a b e t  f r a  o v c r f l a d c u d b r a g t  u r e a .  U n d e r s ø g e l ­
s e r n e  b l e v  f o r e t a g e t  i r u g  o g  h v e d e  s a m t  g r æ s .  F ly ­
d e n d e  u r e a - a m m o n i u m - n i t r a t  b le v  m e d t a g e t  i t o  
f o r s ø g .  I a l t  b l e v  u n d e r s ø g t  20 b e h a n d l i n g e r  a f  
h v e r  s e k s  d ø g n s  v a r i g h e d .

T a b e t  a f  a m m o n i a k  f r a  u r e a  o v e r  s e k s  d ø g n  v a r  
2 0 - 3 0  p c t .  i s o m m e r p e r i o d e n ,  m e n s  d e l  t i l s v a ­
r e n d e  t a b  i v i n t e r p e r i o d e n  v a r  3 -1 0  p c t .  T a b e t  f r a  
u r e a - a m m o n i u m - n i t r a t  v a r  m i n d r e  e n d  t a b e t  f r a  
u r c a .  S å f r e m t  u d b r i n g n i n g e n  a f  u r c a  s k e t e  u n d e r  
t ø r r e  f o r h o l d ,  h æ m m c d e s  f o r d a m p n i n g e n  i d e t
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fø r s t e  d ø g n  e f t e r  u d b r i n g n i n g e n  s a m m e n l i g n e t  V a n d i n g  m e d  5 til 10 m m  r e d u c e r e d e  f o r d a m p -
m e d  u d b r in g n i n g  u n d e r  m e r e  f u g t i g e  f o r h o l d .  n i n g .  m e n  b r a g t e  d e n  i k k e  til o p h ø r .

Nugleord: Ammoniakfordampning, vindtunnelsystem, urea, urea-ammonium-nitrat, vanding, atmosfærisk am­
moniakindhold, rug, hvede, sla-tgræs.

Summary
A  w in d  tu n n e l  s y s t e m  w a s  c o n s t r u c t e d  in  o r d e r  to  
m e a s u r e  the  a m m o n i a  v o l a t i l i z a t i o n  lo s s  f r o m  
m in e r a l  fe r t i l ize rs  a n d  a n i m a l  m a n u r e .  T h e  s y s ­
t e m  consis ts  o f  f o u r  w i n d  t u n n e l s ,  a  d a t a  m o n i t o r ­
in g  unit  and  a g a s  t r a p p i n g  u n i t .  T h e  c o n c e n t r a ­
t io n  o f  a m m o n i a  in  t h e  a i r  l e a v i n g  t h e  f e r t i l i z e d  
p lo t  is m e a s u r e d  d i r e c t ly ,  a n d  w i n d  s p e e d  a n d  p r e ­
c ip i t a t i o n  can  b e  c o n t r o l l e d .  F o u r  t r e a t m e n t s  m a y  
b e  e x a m i n e d  s i m u l t a n e o u s l y .

T h e  w in d  t u n n e l  u n i t  c o n s i s t s  o f  a n  i n v e r t e d  U -  
s h a p e d  tu n n e l  m a d e  f r o m  t r a n s p a r e n t  p o l y c a r b o ­
n a t e  a n d  co v e r in g  t h e  e x p e r i m e n t a l  a r e a  ( 0 . 5  x  2 
n i ) ,  a n d  a c i r c u l a r  s t e e l  d u c t  h o u s i n g  a n  e l e c t r i ­
ca l ly  p o w e re d  f a n .  T h e  fa n  d r a w s  a n  a i r s t r e a m  a c ­
ro s s  th e  e x p e r i m e n t a l  a r e a  a n d  is c o n t r o l l e d  t o  
p r o d u c e  d i f f e r e n t  w i n d  s p e e d s .  T h e  s t e e l  d u c t  is 
2 .3  m  lo n g  a n d  h a s  a  d i a m e t e r  o f  0 . 4  m .  T h e  s t e e l  
d u c t  is e q u i p p e d  w i t h  a  v a n e  a n e m o m e t e r .  A i r  
a n d  soil (2 cm  d e p t h )  t e m p e r a t u r e s ,  a n d  t h e  w i n d  
s p e e d  in the  d u c t  a r e  r e c o r d e d  e v e r y  h o u r .

T h e  a i r s t r e a m  l e a v i n g  t h e  s t e e l  d u c t  is s a m p l e d  
a t  6 d i f f e r en t  p o i n t s  by  u s i n g  a d i a p h r a g m  s u c t i o n  
p u m p  (5 I p e r  m i n ) .  T h e  a i r  is d r a w n  t h r o u g h  a 100 
ml a b s o r p t io n  f l a s k  f i t t e d  w i t h  a  s i n t e r e d  g a s  d i s ­
t r i b u t i o n  tu b e  a n d  c o n t a i n i n g  5 0  m l  o f  0 . 0 0 5  M o r -  
t h o p h o s p h o r i c  a c i d .  T h e  a m m o n i a  is t r a p p e d  in 
t h e  ac id  a n d  s u b s e q u e n t l y  d e t e r m i n e d  in  t h e  
l a b o r a t o r y  by a B e r t h e l o t  r e a c t i o n .

A t  p r e s e l e c t e d  i n t e r v a l s ,  a  p r o g r a m a b l e  m a g n e ­

t ic  v a lv e  c o n t r o l  a u t o m a t i c a l l y  s w i tc h  a m o n g  t h e  
f o u r  f l a s k s  o f  e a c h  t u n n e l  u n i t .

M e a n  r e c o v e r y  o f  a m m o n i a  v o la t i l i z e d  f r o m  
a n i m a l  s l u r r y  w a s  in  f o u r  e x p e r i m e n t s  f o u n d  t o  b e  
7 4 %  ( C V  9 . 7 % ) .  R e s u l t s  o b t a i n e d  b y  t h e  w i n d  
t u n n e l  s y s t e m  is c o r r e c t e d  b y  t h e  f a c t o r  100/74 in  
o r d e r  t o  c o r r e c t  f o r  r e c o v e r y  p e r c e n t a g e s .  T h e  a i r  
t e m p e r a t u r e  u n d e r  t h e  t r a n s p a r e n t  t u n n e l  w a s  in  
a c c o r d a n c e  w i t h  t h e  t e m p e r a t u r e s  m e a s u r e d  in  a 
c l i m a t i c  s t a t i o n  n e a r b y .

T h e  a m m o n i a  lo s s  f r o m  s u r f a c e - a p p l i e d  u r e a  
w a s  d e t e r m i n e d  in  t h r e e  e x p e r i m e n t s  d u r i n g  5 
M a y  -  23  J u n e  1987 a n d  in  f o u r  e x p e r i m e n t s  d u r ­
in g  II F e b r u a r y - 8  M a r c h  1988.  L i q u i d  u r e a - a m -  
m o n i u m - n i t r a t e  w a s  i n c l u d e d  in  tw o  e x p e r i m e n t s .  
T h e  c r o p s  w e r e  w i n t e r r y e  a n d  w i n t e r  w h e a t ,  a n d  
g r a s s  c u t  f o r  s i l a g e  in  o n e  e x p e r i m e n t .  T o ta l ly ,  20  
t r e a t m e n t s  w e r e  i n c l u d e d  in  t h e  s tudy .  T h e  a m ­
m o n i a  lo s s  w a s  m e a s u r e d  o v e r  a  p e r i o d  o f  s ix  
d a y s .

T h e  v o l a t i l i z a t i o n  lo s s  o f  a m m o n i a  f r o m  u r e a  
w a s  2 0 - 3 0 %  d u r i n g  t h e  s u m m e r  p e r i o d  a n d  3 -  
1 0 %  d u r i n g  w i n t e r .  T h e  lo s s  f r o m  u r e a a m -  
m o n i u m n i t r a t e  w a s  l o w e r  t h a n  t h a t  f r o m  u r e a .  
W h e n  t h e  a p p l i c a t i o n  o f  u r e a  t o o k  p l a c e  u n d e r  
d r y  c o n d i t i o n s ,  t h e  a m m o n i a  v o la t i l i z a t i o n  loss  
d u r i n g  t h e  f i r s t  d a y  w a s  l o w e r  t h a n  t h a t  f o u n d  
u n d e r  m o r e  h u m i d  c o n d i t i o n s .  I r r i g a t i o n  t r e a t ­
m e n t s  w i t h  5 - 1 0  m m  r e d u c e d  th e  v o la t i l i z a t i o n  
lo s s .

Key words: Ammonia volatilization, wind tunnel system, urea, urca-ammonium-nitrate, irrigation, atmospheric 
ammonia concentration, winterrye, winterwheat, cut grass.

Indledning
I N P O - r e d e g o r e l s e n  ( 2 6 )  s k ø n n e s  a m m o n i a k f o r ­
d a m p n i n g e n  p å  l a n d s p l a n  a t  v æ r e  o m k r i n g
130.000 tons  N H , - N  pr.  å r .  M e r e  e n d  7 5  p c t .  a f  t a ­
b e t  ti lskrives  h å n d t e r i n g  a f  h u s d y r g ø d n i n g ,  m e n s  
d e r  a n ta g e l ig t  f o r d a m p e r  v æ s e n t l i g  m i n d r e  m æ n g ­

d e r  a m m o n i a k  f r a  a m m o n i a k / a m m o n i u m - h o l -  
d i g e  h a n d e l s g ø d n i n g e r .  B iti js m a m i e l al. ( 3 )  o g  
M e e i t s -  V e r tlin n e  e t  a l. ( 2 3 )  h a r  i t i l s v a r e n d e  o p g ø ­
r e l s e r  f o r  H o l l a n d  o g  B e l g i e n  f u n d e t  s a m m e  t e n ­
d e n s e r .
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A m m o n i a k t a b  f r a  h å n d t e r i n g  a f  h u s d y r g ø d ­
n i n g  k a n  s k e  1) f ra  s t a l d e ,  2 )  f r a  g ø d n i n g s o p l a g ,  3 )  
v e d  u d s p r e d n i n g  a f  g ø d n i n g  o g  4 )  f r a  g ø d n i n g  u d ­
b r a g t  p å  j o r d o v e r f l a d e n .  D e n  l i e r  b e s k r e v n e  m e ­
t o d e  s i g t e r  a l e n e  p å  b e s t e m m e l s e  a f  a m m o n i a k -  
t a b  f r a  u d b r a g t  g ø d n i n g .

E t  s t ø r r e  k e n d s k a b  til a m m o n i a k t a b e t s  s t ø r ­
r e l s e  o g  til m u l i g h e d e r n e  f o r  a t  r e d u c e r e  d e t t e  
k a n  ø g e  u d n y t t e l s e n  a f  d e n  u d b r a g t e  g ø d n i n g .  
S a m t i d i g  k a n  d e n  s a m l e d e  r e e l l e  N - t i l f ø r s e l  til a f ­
g r ø d e r n e  b e r e g n e s .  A f s æ t n i n g  a f  a m m o n i a k  k a n  
h a v e  e n  u ø n s k e t  e f f e k t  p å  n æ r i n g s s a l t b c g r æ n s c d c  
n a t u r s y s t c m e r ,  h v o r f o r  e n  r e d u k t i o n  i a m m o n i a k -  
f o r d a m p n i n g e n  b å d e  v i l  f o r b e d r e  u d n y t t e l s e n  a f  
g ø d n i n g  o g  h a v e  e n  p o s i t i v  e f f e k t  p å  d e t  o m g i ­
v e n d e  m i l jø .

A m m o n i a k f o r d a m p n i n g  f r a  h u s d y r g ø d n i n g e r  
t i d l i g e r e  u n d e r s ø g t  i u d b y t t e f o r s ø g  (1 2 ,  13, 17, 18, 
2 4 ) ,  v e d  b e s t e m m e l s e  a f  a m m o n i a k t a b e t  f r a  g ø d ­
n i n g  a n b r a g t  u d e n d ø r s  p å  b a k k e r  ( 9 ,  2 0 ) ,  o g  i l a ­
b o r a t o r i e t  v e d  a n a l y s e  f o r  i n d h o l d  a f  a m m o n i a k  i 
l u f t ,  d e r  h a r  p a s s e r e t  g e n n e m  f l a s k e r  i n d e h o l ­
d e n d e  g ø d n i n g s p r ø v c r  (1 4 ) .  D i s s e  u n d e r s ø g e l s e r  
v i s t e ,  a t  f o r d a m p n i n g e n  a f  a m m o n i a k  k a n  b e ­
g r æ n s e s  v e d  u d b r i n g n i n g  a f  h u s d y r g ø d n i n g  i k o l d t  
o g  fu g t ig t  v e j r ,  v e d  d i r e k t e  n e d f æ l d n i n g  e l l e r  v e d  
n e d b r i n g n i n g  u m i d d e l b a r t  e f t e r  u d b r i n g n i n g e n .

N å r  a m m o n i a k f o r d a m p n i n g e n  b e s t e m m e s  
m e d  i n d i r e k t e  m e t o d e r ,  k a n  r e s u l t a t e r n e  p å v i r k e s  
a f  d e n i t r i f i k a t i o n ,  N - m i n c r a l i s e r i n g / i m m o b i l i s c -  
r i n g  o g  u d v a s k n i n g .  1 b a k k c f o r s ø g e n e  i n d g å r  i k k e  
v e k s e l v i r k n i n g  m e l l e m  j o r d  o g  g ø d n i n g ,  o g  r e s u l ­
t a t e r  f r a  l a b o r a t o r i e f o r s ø g  k a n  i k k e  u m i d d e l b a r t  
o v e r f ø r e s  til m a r k f o r h o l d .  E n  s a m m e n l i g n i n g  a f  
r e s u l t a t e r  f r a  a m m o n i a k f o r d a m p n i n g  b e s t e m t  
v e d  f o r s k e l l i g e  m e t o d e r  h a r  v i s t ,  a t  a m m o n i a k t a b  
b e s t e m t  v e d  i n d i r e k t e  m å l i n g e r  s y n e s  a t  v æ r e  d o b ­
b e l t  s å  s t o r e  s o m  t a b  b e s t e m t  v e d  d i r e k t e  m å l i n ­
g e r  (4 ) .

P å  d e n n e  b a g g r u n d  p å b e g y n d t e s  i 1985 o p b y g ­
n i n g e n  a f  e t  v i n d t u n n c l s y s t c m  til d i r e k t e  b e s t e m ­
m e l s e  a f  a m m o n i a k i n d h o l d c t  i l u f t ,  d e r  h a r  p a s s e ­
r e t  e t  g ø d e t  a r e a l .  M e t o d e n  s k u l l e  g iv e  m u l i g h e d  
fo r ,  1) a t  k o n t r o l l e r e  l u f t h a s t i g h c d e n  i e t  i n t e r v a l  
s v a r e n d e  til n a t u r l i g t  f o r e k o m m e n d e  v i n d h a s t i g ­
h e d e r ,  2 ) a t  k u n n e  s t y r e  n e d b ø r e n  ( v a n d i n g ) ,  o g  
3) a t  k u n n e  m e d t a g e  g e n t a g e l s e r  u n d e r  i d e n t i s k e  
k l i m a f o r h o l d .  E n d e l i g  s k u l l e  m e t o d e n  g iv e  m u l i g ­
h e d  fo r ,  a t  e t  s t ø r r e  a n t a l  u n d e r s ø g e l s e r  k u n n e  
g e n n e m f ø r e s  u d e n  b r u g  a f  s t o r e  f o r s ø g s a r e a l e r  e l ­
l e r  s t o r  r e s s o u r c e i n d s a t s .

N æ r v æ r e n d e  b e r e t n i n g  b e s k r iv e r  d e t  o p b y g ­
g e d e  v i n d t u n n c l s y s t c m  s a m t  e n  a f p r ø v n i n g  a f  s y ­
s t e m e t .  E n d v i d e r e  p r æ s e n t e r e s  u n d e r s ø g e l s e r  
o v e r  a m m o n i a k f o r d a m p n i n g e n  fra  o v c r f ! a d c u d -  
b r a g t  u r e a  o g  f l y d e n d e  u r e a - a m m o n i u m - n i t r a t  
( U A N ) .  E f t e r f ø l g e n d e  b e r e t n i n g e r  vil p r æ s e n ­
t e r e  u n d e r s ø g e l s e r  a f  a m m o n i a k f o r d a m p n i n g e n  
f r a  h u s d y r g ø d n i n g .

M aterialer og  m etoder
l-ig.  I v i s e r  v i n d t u n n c l s y s t c m e t  u n d e r  m å l i n g  i 
m a r k e n ,  o g  f ig .  2  g iv e r  e n  s k e m a t i s k  f r e m s t i l l i n g  
a f  s y s t e m e t s  o p b y g n i n g .  S y s t e m e t  b e s t å r  a f  f i r e  
v i n d t u n n c l c n h c d e r , ' e n  d a t a o p s a m l i n g s e n h e d  o g  
e t  s y s t e m  a f  g a s v a s k e f l a s k e r  til o p s a m l i n g  a f  a m ­
m o n i a k  i l u f t .  E n  s k u r v o g n  fo r s y n e t  m e d  3 8 0  V /  
2 2 0  V  t j e n e r  s o m  f c l t l a b o r a t o r i u m  o g  h u s e r  e n  d e l  
a f  i n s t r u m e n t e r i n g e n .

Vindtunnelenhed
U d f o r m n i n g e n  a f v i n d t u n n e l e n h e d e n  f ø l g e r s t o r t  
s e t  L o c k y e r 's  (2 1 )  b e s k r i v e l s e .  Fig. 3 v i s e r  e t  t v æ r ­
s n i t  a f  d e n  h e r  a n v e n d t e  t u n n c l e n h c d .

V i n d t u n n e l c n  b e s t å r  a f  e n  o m v e n d t  U - f o r m c t  
p o l y c a r b o n a t p l a d e ,  d e r  h o l d e s i  f a c o n  a f  e n  m e t a l -  
r a m m e  m e d  e n  5  c m  k a n t .  K a n te n  k a n  p r e s s e s  
n e d  i d e n  u n d e r l i g g e n d e  j o r d .  På  d e t  h ø j e s t e  s t e d  
e r  t u n n e l e n  5 0  c m ,  o g  d e n  a f g r æ n s e r  e t  f o r s ø g s a -  
r c a l  p å  0 , 5  x  2  m .  I n d e n  fo r  m e t a l r a m m c n  e r  p l a ­
c e r e t  e n  0 , 5  X 2  m  m c t a l r a m m e  l ig e le d es  m e d  e n  
k a n t  p å  5 c m .  D e n  i n d r e  r a m m e  a f g r æ n s e r  f o r -  
s ø g s a r e a l c t ,  d e r  b e h a n d l e s  in d e n  p o l y c a r b o n a t -  
t u n n c l e n  p l a c e r e s .  R a m m e n  s ik r e r  d e s u d e n ,  a t  
f l y d e n d e  g ø d n i n g e r  s e lv  v e d  s t o r e  d o s e r i n g e r  h o l ­
d e s  i n d e n  f o r  f o r s ø g s a r c a l c t .

1 f o r l æ n g e l s e  a f  p o l y c a r b o n a t t u n n e l c n  e r  p l a c e ­
r e t  e t  2 , 3  m  l a n g t  m e t a l r ø r  m e d  e n  i n d r e  d i a m e t e r  
p å  4 0 , 2  c m .  O v e r g a n g e n  m e l l e m  d e  t o  t u n n e l d c l e  
u d g ø r e s  a f  e t  t r a g t f o r m e t  m c t a l r ø r  m e d  e n  5  c m  
k a n t ,  d e r  k a n  f o r a n k r e s  i j o r d e n .

1 m o d s a t t e  e n d e  a f  t i l s l u tn in g e n  til p o l y c a r b o -  
n a t t u n n e l e n  e r  m e t a l r ø r e t  m o n t e r e t  m e d  e n  v e n t i ­
l a t o r ,  h v i s  h a s t i g h e d  k a n  r e g u le r e s  i o m r å d e t  4  til
9  m  p r .  s c k .  ( 3 - f a s c t  a x i a l m o t o r ) .  D e n n e  m o t o r ­
t y p e  e r  s e n e r e  u d s k i f t e t  m e d  e n  j æ v n s t r ø m s m o ­
t o r ,  d e r  t i l l a d e r  v i n d h a s t i g h e d e r  n e d  til c a .  1 m / s .  
M e d  v e n t i l a t o r e n  s k a b e s  e n  v i n d s t r ø m  h e n  o v e r  
f o r s ø g s a r c a l c t .
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Fig. I. Vincllunnclsystcniet ops! il let til måling af NH.,-forilampning fra nrc;i udbragt (.1.5. maj 19S7 lil vinterhvede
(Askov).

The wiiut litnnel svsteni in p o s  il ion  f o r  m easuring the am m onia  loss fr o m  urea a pp lied  to w inter wheal on the 5 M a y  10R7
(A skov).

D a t u o p s n n i l i n g s e n h c d
M e t a l r ø r e t  e r  u d s t y r e t  m e d  e t  t u r b i n e a n e m o m e -  
te r ,  d e r  a n v e n d e s  v e d  i n d s t i l l i n g  til ø n s k e t  v i n d h a ­
s t i g h e d ,  o g  s o m  e f t e r f o l g e n d e  a f l æ s e s  f o r  a t  fo lg e  
u d v i k l i n g e n  i l u f t s t r ø m m e n s  h a s t i g h e d  g e n n e m  
t u n n e l e n .  S i g n a l e r n e  f r a  n n e m o m e t e r e t  l e d e s  til 
s i g n a l k o n v e r t e r i n g s e n h e d  ( I Z D R A  5 ,  A i r f l o w  D e ­
v e l o p m e n t s )  o g  d e r f r a  v i d e r e  til d a t a l o g g e r  ( M i n i ­
lo g g e r  M L X - 2 0 .  A .  D .  D a t a  S y s t e m s ) .  L u f t s t r ø m ­
m e n s  h a s t i g h e d  a f l æ s e s  h v e r  t i m e .  V æ r d i e r  fo r  
j o rd -  o g  l u f t t e m p e r a t u r  ( C o m a r k  T h e r m o c o u p l e )  
a f læ ses  m e d  t i l s v a r e n d e  i n t e r v a l l e r .  J o r d t e m p e r a ­
tu re n  b e s t e m m e s  i 2 c m  d y b d e  u n d e r  p o l y c a r b o -  
n a m i n n e l c n ,  o g  l u f t t e m p e r a t u r e n  m å l e s  i m e t a l ­
rø r e t .

D e  o p s a m l e d e  d a t a  o v e r f ø r e s  a u t o m a t i s k  til 
h u l s t r i m m e l  ( G N T - 3 4 0 1  P e r f o r a t o r ,  G N T  A u t o ­
m a t ic ) .

N e d b o r  ( v a n d i n g )
Id e t  v i n d t u n n e l e n  a f s k æ r m e r  f o r s ø g s a r e a l e t  m o d  
n e d b ø r ,  k a n  d e n n e  i n d g å  s o m  f o r s ø g s v a r i a b e l .  
N e d b ø r  s i m u l e r e s  v e d  v a n d i n g  m e d  5 m m  i e n  e l ­
l e r  f l e r e  o m g a n g e  u d e n  f ly t n in g  a f  v i n d t u n n e l .  
V a n d i n g s a g g r e g a t e t  b e s t å r  a f  e t  2 ,5  m  l a n g t  rø r ,  
d e r  f u n g e r e r  s o m  h å n d t a g ,  o g  s o m  l e d e r  v a n d i n g s -  
v a n d e t  f r e m  til e t  t v æ r g å e n d e  r ø r ,  h v i s  l æ n g d e  s v a ­
r e r  til b r e d d e n  a f  f o r s ø g s a r e a l e t .  D e l  t v æ r g å e n d e  
r ø r  e r  p å  u n d e r s i d e n  p e r f o r e r e t ,  s å l e d e s  a t  v a n ­
d i n g s v a n d e t  f o r d e l e s  j æ v n t  p å  t v æ r s  a f  f o r s ø g s å r e - 
a le t .  V a n d i n g s a g g r e g a t e t  e r  v i a  e n  p l a s t s l a n g e  fra  
h å n d t a g e t  t i l s l u t t e t  e t  5 I r e s e r v o i r .  Vei l  a t  fo r e  
v a n d i n g s a g g r e g a t e t  I r e m  o g  t i l b a g e  i f o r s ø g s a r e ­
a l e t s  l æ n g d e  t i l d e l e s  5 m m  n e d b ø r  p r .  v a n d i n g .
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Gasvaskeflasker

M ag n e tv e n t i l

*
*

Fig. 2. Skematisk fremstilling af del anvendte vmdtunnolsystcm. Der benyttes fire vindtunnclcnhedcr til hvert
forsøg.

O utline  o f  the w ind tunnel system . Four tunnels were u sed  fo r  each experim ent.

40

Fig. 3. Tv;cr.snit »if en vindtunnelenhed med dimensioner angivet i cm.
A . motor; D, udtag for luft til ammoniakanalyse; C , ventilator; D , net; E ,  m cu lrw , F, Uiflhusiighcdsnvalcr; G , 
temperaturføler; H , me talt ragt; I, tunnel af polyearbonat; J ,  mctalramme; K , kant pä undersiden af metalrøret. 
Cross section o f  o n e  ivind tu n n e l unit with d im ensions g iven in cm .
A , m o to r; H, ttir sam p ling  p o in ts; C. f i n ; Ü, steel-net; fl. steel duct; F, va n e-a n em o m eter  head; C , tempcruturesensor; 
II, s tvd 'fu n n c l;  /, tu n n e l o f  p o lym rh o m ttc ; J , m eta l fram e; K, spade-edge. j ^ |



A m m oniakopsam ling
E f t e r  v e n t i l a t o r e n ,  m e n  i n d e n  l u f t s t r ø m m e n  f o r ­
l a d e r  m e t a l r ø r e t ,  u d t a g e s  s e k s  s t e d e r  e n  d e l p r ø v e  
a f  l u f t e n  m e d  e n  m e m b r a n p u m p e  ( A S F  7 0 1 0  Z ) .  
P u m p e n  e r  p l a c e r e t  i s k u r v o g n e n  o g  a r b e j d e r  m e d  
e t  f low  p å  5 I pr .  m in .  F l o w e t  k o n t r o l l e r e s  m e d  e t  
D w e y e r  f l o w m e t e r  ( R M A - 2 1 - S S V ) .  F r a  d e  s e k s  
i n d s a m l i n g s s t e d e r  l e d e s  l u f t e n  v i a  P V C  s l a n g e r  til 
e n  m a n i f o l d  o g  h e r f r a  til e n  100 m l  g a s v a s k e f l a s k e  
i n d e h o l d e n d e  50  m l 0 , 0 0 5  M  o r t h o f o s f o r s y r e .

G a s v a s k e f l a s k e r n e  e r  p l a c e r e t  i k a s s e r  n æ r  m e t a l ­
r ø r e t ,  s å l e d e s  a t  s l a n g e l æ n g d e n  f r a  i n d s a m l i n g s ­
s t e d e r n e  til g a s v a s k e f l a s k e n  e r  c a .  2  m .  T i l  h v e r  
v i n d t u n n e l e n h e d  e r  k n y t t e t  f i r e  f l a s k e r .  V e d  h jæ lp  
a f  m a g n e t v e n t i l e r  o g  e t  p r o g r a m m e r b a r t  s t y r e s y ­
s t e m  ( M a r t o n a i r )  k a n  d e r  p å  f o r u d  f a s t s a t t e  t i d s ­
p u n k t e r  s k i f t e s  m e l l e m  d e  f i r e  f l a s k e r .

I n d h o l d e t  a f  a m m o n i u m  i f o s f o r s y r e o p l ø s n i n ­
g e n  b e s t e m m e s  s p e k t r o f o t o m e t r i s k  v e d  e n  B e r -  
t h e l o t  r e a k t i o n  ( s a l i c y l a t - d i c h l o r o i s o c y a n a t ,  ni-

Tabel 1. O versigt over g en n em fø rte  forspig m ed  u rea  og  u rea  a m m onium  nitrat. 
Summary o f  experiments with urea and urea-ammonium-nitrate.

Forsøgs­
periode
Experimental
period

T ilfo rt g ø dn ing  
Fertilizer applied

T id sp u n k t fo r vanding 
vand ingsm æ ngde  
Time fo r  irrigation and 
am ount o f  water

Jo rd ty p e  og 
afg røde  
(cm  plan te  
hø jd e )
Soil type 
and crop 
(cm plant 
height)

JB  5
V in te rhvede  
Winterwheat 
(30 cm)

Type
Type

urea
urea
urea

M ;ungde
A m o u n t
g N /m 2

10,12
10,12
10,12

5.-11 . maj 87

0  tim er 
hours 
mm

0
0
0

24 tim er 
hours 
mm

0
0
0

48 tim er 
hours 
mm

0
0
0

12.-18. m aj 87 urea 10,12 0 10 0 JB  5
urea 10,12 0 10 0 V in terhvede
urea 10.12 0 10 0 Winterwheat 

(35 cm)

17.-23. juni 87 urea 15,18 0 0 0 J B 5
urea 15,18 5 5 0 G ræ se fte rs læ t
urea 15,18 5 5 5 C u ig rn is

11.-17. feb. 88 urea 10,12 0 0 0 JB  1
urea 10,12 0 0 0 V in te rrug
urea 10,12 0 0 0 Winterrye

(<IOcm)

17.-23. feb. 88 urea 10,12 0 0 0 JB  1
urea 10,12 5 5 0 V in te rrug

Winterrye
(<IO cm )

2 4 .fe b .- urea 10,12 5 0 0 JB  1
1. m arts SS U A N * 3 ,7 6 5 0 0 V in te rrug

U A N 3,76 5 5 0 Winterrye
(<IO cm )

2.-S . m a rts 88 urea 10,12 5 5 0 JB  1
U A N 3.42 5 5 0 V in te rru g
U A N 3,42 5 0 0 Winterrye 

(<1.1 cm)

* U AN = urea  am m onium  n itra t o p lo sn in g  (30  pct. N) 
urea-ammonium-nitrate solution (30 p .c. N)
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t r o p r u s s i d  k a t a l y s a t o r ) .  M e t o d e n  e r  b e s k r e v e t  a f  
C r o o k c  o g  S im p s o n  ( 5 ) , K r o m  ( 16) o g  S e a r ie  ( 2 8 ) .

T o t a l - N  i g ø d n i n g  b e s t e m m e s  v e d  K j e l d a h l  n e d ­
b r y d n i n g  o g  d e s t i l l a t i o n / t i t r e r i n g  ( K j e l t e c  A u t o  
1030 A n a l y z e r ) .  A m m o n i u m / a m m o n i a k - i n d h o l ­
d e t  i g ø d n i n g  b e s t e m m e s  v e d  m a k r o d e s t i l l a t i o n  
m e d  M g O  o g  C u S O j  o g  e f t e r f ø l g e n d e  t i t r e r i n g .

B eregn ing a f a m m o n ia k la b  (v in d tu n n c lsy stc m )
F o r d a m p n i n g s t a b e t  a f  a m m o n i a k  b e r e g n e s  p å  
g r u n d l a g  a f  l u f t m æ n g d e n ,  d e r  h a r  p a s s e r e t  fo r -  
s ø g s a r c u l e t  i c t  g i v e n t  t i d s r u m  ( m c t a l r ø r c t s  tv ;c r -  
s n i t s a r e a l  x  d e  a f l æ s t e  l u f t h a s t i g h e d e r  x  t i d s ­
r u m ) .  L u f t m æ n g d e n  f o r  e t  g i v e n t  t i d s r u m  (fx  6  t i ­
m e r )  m u l t i p l i c e r e s  m e d  k o n c e n t r a t i o n e n  a f  a m ­
m o n i a k  i l u f t e n  i s a m m e  t i d s r u m  e f t e r  a t  a m m o n i ­
a k k o n c e n t r a t i o n e n  i l u f t e n  f r a  d e n  u b e h a n d l e d e  
r c f e r e n c e - v i n d t u n n c l  e r  t r u k k e t  f r a .  H e r v e d  fås  
d e n  f o r d a m p e d e  a m m o n i a k m æ n g d c .  D e n n e  s a m ­
m e n h o l d e s  m e d  f o r s ø g s a r e a l e t s  s t ø r r e l s e  (1 m 2) 
o g  d e n  u d b r a g t e  g ø d n i n g s m æ n g d e .  E n d e l i g  k o r r i ­
g e r e s  f o r  g c n f i n d e l s e s p r o c e n t e n  ( s e  s e n e r e ) .

K a l i b r e r i n g  o g  g e n f i n d e l s e s p r o c e n t
R e p r o d u c e r b a r h e d e n  a f  r e s u l t a t e r  o p n å e t  m e d  
v i n d t u n n e l s y s t e m e t  o g  g e n f i n d e l s e n  a f  a m m o ­
n ia k  b l e v  u n d e r s ø g t  v e d  a t  p l a c e r e  g y l l c p r ø v c r  p å  
3 til 5  kg  p å  p l a s t f o l i e  e l l e r  i P V C  b a k k e r  u n d e r  p o -  
l y c a r b o n a t t u n n e l e n .  V e d  h v e r t  f o r s ø g  i n d g i k  e n  
t u n n e l  s o m  r e f e r e n c e  ( u b e h a n d l e t ) .  E f t e r  p l a c e ­
r in g  a f  g y l l e p r ø v c r n e ,  b l e v  r e p r æ s e n t a t i v e  d e l p r ø ­
v e r  s t r a k s  u d t a g e t  til a n a l y s e  f o r  i n d h o l d e t  a f  a m ­

m o n i u m / a m m o n i a k .  U m i d d e l b a r t  h e r e f t e r  b l e v  
v i n d t u n n e l s y s t e m e t  s a t  ig a n g .  U n d e r s ø g e l s e r n e  
f o r l ø b  o v e r  24  e l l e r  4S t i m e r ,  h v o r e f t e r  d e r  a t t e r  
b l e v  u d t a g e t  g y l l c p r ø v c r  til a n a l y s e .  P r ø v e r n e  
b l e v  o p b e v a r e t  l u f t tæ t  v e d  4 ° C  i n d t i l  a n a l y s e .

A m m o n i a k t a b e t  b e r e g n e t  s o m  d i f f e r e n c e n  
m e l l e m  a m m o n i a k / a m m o n i u m - i n d h o l d c t  i g y l l e n  
f ø r  o g  e f t e r  f o r s ø g e t  b le v  s a m m e n h o l d t  m e d  t a b e t  
b e s t e m t  m e d  v i n d t u n n e l s y s t e m e t .  G c n f i n d e l s c s -  
p r o c e n t e n  e r  b e r e g n e t  s o m  t a b e t  b e s t e m t  v e d  
v i n d t u n n c l s y s t c m  d i v i d e r e t  m e d  t a b e t  b e s t e m t  
v e d  d i f f c r c n c c m å l i n g  o g  m u l t i p l i c e r e t  m e d  100 .

A m n i o n i a k t a b  f r a  u r c a  o g  u r e a - a n i i n o n i u m - n i t r a t
T a b e l  1 g i v e r  e n  o v e r s ig t  o v e r  d e  g e n n e m f ø r t e  f o r ­
s ø g  til b e l y s n i n g  a f  a m m o n i a k t a b e t  f ra  u r e a  o g  
u r e a - a m m o n i u m - n i t r a t .  I h v e r t  f o r s ø g  i n d g i k  t r e  
b e h a n d l i n g e r ,  m e n s  e n  v i n d t u n n e l  b l e v  m e d t a g e t  
s o m  u b e h a n d l e t  r e f c r c n c c .  V e d  f o r s ø g e t  p å b e ­
g y n d t  d .  17. f e b r u a r  1988 m e d t o g e s  k u n  t o  b e ­
h a n d l i n g e r .  F o r s ø g e n e  b l e v  i 1987 g e n n e m f ø r t  v e d  
A s k o v  f o r s ø g s s t a t i o n  i v i n t e r h v e d e  ( m a j )  o g  e f t e r  
g r æ s s læ t  ( j u n i ) .  1 1988 g e n n e m f ø r t e s  f o r s ø g e n e  
v e d  L u n d g å r d  f o r s ø g s s t a t i o n  i v i n t e r r u g .

D e n  f a s t e  g ø d n i n g  u r e a  b l e v  u d s t r ø e t  p å  j o r d ­
o v e r f l a d e n ,  m e n s  d e n  v a n d i g e  o p l ø s n i n g  a f  u r c a -  
a m m o n i u n i n i t r a t  b l e v  t i l f ø r t  m e d  v a n d k a n d e .  D e  
f ø r s t e  t o  d ø g n  e f t e r  g ø d n i n g s t i l f ø r s l e n  b l e v  a m -  
m o n i a k f o r d a m p n i n g c n  b e s t e m t  o v e r  s e k s  t i m e r s  
i n t e r v a l l e r ,  m e n s  d e r  d e  f ø l g e n d e  f i r e  d ø g n  b l e v  
a n v e n d t  2 4  t i m e r s  in t e r v a l l e r .

1 1 1 1 1 1 1 1 11 1 1 1 11 1 11 1 
11. 15. 20. 25.

1 1 1 1 1 1 _ L J _ I----------

5. 10.
Februar M arts

1988 1988

Fig . 4 . A m m o n ia k  in d h o ld e t i lu ft fra  u b e h a n d le t rc fc rc n c c lu n n c l. 
The atnmonia contcnt in air leaving the luitrcatcd rcfcrcncc tunnel.

183



Resultater og diskussion
F ig .  4 v iser  a m m o n i a k i n d h o l d e t  i l u f t ,  d e r  h a r  p a s ­
s e r e t  d e t  u b e h a n d l e d e  f o r s ø g s a r e a l  ( r e f e r e n c e ­
t u n n e l ) .  I n d h o l d e t  v a r i e r e d e  m e l l e m  1 o g  5  /*g 
N H , - N  pr.  n r1 lu f t  o g  u d v i s t e  i k k e  s y s t e m a t i s k e  
f o r s k e l l e  m e l l e m  d e  f o r s k e l l i g e  f o r s ø g s p e r i o d e r .  
D e r  f a n d te s  e n  t e n d e n s  til h ø j e r e  i n d h o l d  a f  a m ­
m o n i a k  i l u f t en  i b e g y n d e l s e n  a f  d e  e n k e l t e  f o r ­
s ø g s p e r io d e r .  D e n  m a l t e  a m m o n i a k k o n c e n t r a ­
t i o n  i lu f t en  f r a  d e t  u b e h a n d l e d e  a r e a l  ( b a g ­
g r u n d s v æ r d i e r )  e r  i o v e r e n s s t e m m e l s e  m e d  v æ r ­
d i e r  r a p p o r t e r e t  a f  F e rm  e l  a l. ( 7 ) ,  J ø r g e n s e n  (15 )  
o g  S ö d e r la n d  o g  S v e n s s o n  ( 3 0 ) .

Luf t-  o g  j o r d t e m p e r a t u r e r n e  a f v e g  i k k e  v æ s e n t ­
l ig t  m e l l e m  d e  f i r e  v i n d t u n n e l e r  ( f ig .  5 ) .  L u f t t e m ­
p e r a t u r e n  b e s t e m t  i v i n d t u n n e l e r n e  v a r  i o v e r e n s ­
s t e m m e l s e  m e d  l u f t t e m p e r a t u r e n  m å l t  v e d  e n

Fig. 5. J o rd te m p e ra tu r  (o v e rs t)  og  lu f t te m p e ra tu r  
(n ed e rs t)  m ålt i tle fire  v in d tu n n e le r  i p e r io d e n  5 . - I I .  

m aj 1987.
Soil (tipperpurl) tutti ttir (lower pur!) temperature m easu­

red in the 4 witttl lutmels during 5-11 m aj 19S7.
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n æ r l i g g e n d e  k l i m a s t a t i o n  ( 1 , 8  m  h ø j d e ) .  M e d  d e  
h e r  v a l g t e  l u f t h a s t i g h e d e r  e r  l u f t s k i f t e t  i v i n d t u n -  
n e l e r n e  3 0 - 4 0  g a n g e  pr .  m i n .  R y d e n  o g  L o c k y e r  
( 2 7 )  f a n d t  v e d  l u f t s k i f t e  m e l l e m  4  o g  17 g a n g e  pr .  
m in .  s a m m e  l u f t t e m p e r a t u r  i v i n d t u n n e l  o g  u d e n ­
for .

K a l i b r e r i n g  o g  g e n f i n d e l s e s p r o c e n t
R e s u l t a t e r  f r a  s a m m e n l i g n i n g e n  a f  a m m o n i a k f o r ­
d a m p n i n g e n  f r a  g y l le  ( u d l a g t  i v i n d t u n n e l  p å  
p l a s t f o l i e  e l l e r  P V C  b a k k e r )  b e s t e m t  m e d  v in d -  
t u n n e l s y s t e m e t  o g  v e d  a n a l y s e  a f  a m m o n i a k i n d ­
h o l d e t  i g y l l e n  f ø r  o g  e f t e r  f o r s ø g s p e r i o d e n  e r  v is t 
i t a b e l  2 .  N å r  t a b e t  b e s t e m t  m e d  v i n d t u n n e l s y s t e -  
m e t  u d t r y k k e s  s o m  p r o c e n t  a f  t a b e t  b e s t e m t  v e d  
a n a l y s e  a f  g y l l e p r ø v e r  ( d i f f e r e n s m e t o d e n )  få s  
g e n f i n d e l s e s p r o c e n t e n .  D e n n e  v a r i e r e d e  i d e  8 
f o r s ø g  m e l l e m  66  o g  85  p c t .  ( g e n n e m s n i t  74 p c t . ,  
v a r i a t i o n s k o e f f i c i e n t  C V  9 , 7  p c t . ) .  I d e t  d e t  a n t a ­
g e s ,  a t  t a b e t  b e s t e m t  ved  d i f f e r e n s m e t o d e n  a n g i ­
v e r  d e t  a b s o l u t t e  a m m o n i a k t a b ,  e r  d e  e f t e r f ø l ­
g e n d e  b e s t e m m e l s e r  a f  a m m o n i a k t a b  m e d  v in d -  
t u n n e l s y s t e m e t  k o r r i g e r e t  m e d  f a k t o r e n  100/74.

R y d e n  o g  L o c k y e r  ( 2 7 )  h a r  s a m m e n l i g n e t  r e s u l ­
t a t e r  f o r  a m m o n i a k f o r d a m p n i n g  f r a  u r e a  b e s t e m t  
ved  e n  m i k r o m e t e r o r o l o g i s k  m a s s e b a l a n c e m e ­
t o d e  o g  v e d  a n v e n d e l s e  a f  e t  v i n d t u n n e l s y s t e m .  I 
p e r i o d e r  u d e n  n e d b ø r ,  o g  n å r  l u f t h a s t i g h e d e n  i 
v i n d t u n n e l e r n e  l ø b e n d e  j u s t e r e d e s  til d e n  o m g i ­
v e n d e  v i n d h a s t i g h e d ,  b l e v  d e r  m e d  d e  t o  m e t o d e r  
f u n d e t  o v e r e n s s t e m m e n d e  a m m o n i a k t a b .

A m m o n i a k r o r d a i n p n i n g  fra  u r c a  o g  u r e a - a m m o -  
n i u m n i t r a t
M i d d e l - ,  m a k s i m u m -  o g  m i n i m u m s v æ r d i e r  f o r  
lu f t  o g j o r d t e m p e r a t u r  i d e  f o r s k e l l i g e  f o r s ø g s p e ­
r i o d e r  e r  a n g i v e t  i t a b e l  3.  D e s u d e n  e r  m e d t a g e t  
d e n  f o r u d  i n d s t i l l e d e  l u f t h a s t i g h e d  o g  v a r i a t i o n e r  
( m i n i m u m -  o g  m a k s i m u m - v æ r d i e r )  f o r  d e  e f t e r ­
f ø l g e n d e  a f l æ s t e  t i m e v æ r d i e r .  D e r  r e g i s t r e r e d e s  
n o g e n  v a r i a t i o n  i l u f t h a s t i g h e d e n  i l ø b e t  a f  f o r ­
s ø g s p e r i o d e r n e .  D e t t e  s k y l d e s ,  a t  d e r  m e d  d e  
3 - f a s e d e  a x i a l m o t o r e r  ik k e  o v e r f ø r t e s  t i l s t r æ k k e ­
lig  m o m e n t  til v e n t i l a t o r e r n e  v e d  lave  o m d r e j ­
n i n g s t a l ,  h v o r f o r  l u f t h a s t i g h e d e n  i v i n d t u n n e l e n  
b l e v  p å v i r k e t  a f  d e n  o m g i v e n d e  v i n d h a s t i g h e d ,  
i sæ r  n å r  d e n  v a r  h ø j  i f o r h o l d  til l u f t h a s t i g h e d e n  i 
v i n d u i n n e l e n .  M o t o r e r n e  e r  d e r f o r  s e n e r e  u d s k i f ­
t e t  m e d  2 2 0  V  j æ v n s t r ø m s m o t o r e r ,  h v is  h a s t i g ­
h e d s r e g u l e r i n g  s i k r e r ,  a t d e r  o v e r f ø r e s  f u ld t  m o ­
m e n t  v e d  a l l e  o m d r e j n i n g s t a l .
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Tabel  2. F o rdam pn ingstab  a f am m o n iak  fra gylle b estem t m ed  v in d tu n n c lsy stcm  og  ved  analyse af am m oniak indho ld  
i delprøve ud tage t for og e f te r  fo rsøgsperiode  (d if fc rc n sm c to d e ). G y llen  b lev  u d la g t i P V C  bakker eller på p lastfo lie . 
G enfindclscsp roccn tcn  e r lab  b e ste m t ved v ind tunne lsystcn i u d try k l som  p ro c e n t a f ta b  ved d iffcrcnsm ctode. 
Volatilization loss o f  ammonia fro m  animal slurry determined with the wind tunnel system  and by analysing fo r  a m m o ­
nia content in subsamples collected before and after the experimental period (difference method). The slurry was expo­
sed on PVC trays or fo il. Recovery is the loss determined with the w ind tunnel system  expressed us a percentage o f  the 
loss determined by the difference method.

Forsøgsperiode, A m m o n ia k ta b , g  N G eiifindc lsc. pct.
tim e A m m onia  loss, g N Recovery, %
Experimental
period, hours V in d tu n n e l D iffe ren sm e to d e

W ind tunnel Difference m ethod

24 2.02 2.37 85
24 2,19 2.85 77
24 2,35 2,.85 82
48 3,01 4,02 75
48 2,94 4,06 72

48 5,95 8.89 67
48 5,52 8,37 66
48 5.97 8,93 67

Gns. 7 4 (C V 9 ,7  pct.)
Mean

Tabel 3. M iddelvæ rd ier for luft- og  jo rd te m p e ra tu re r  sam t in d stille t lu ftlia s tig h c d  (afl;cst maksimum- og m in im um - 
værdier i pa ren tes).
A verage air and soil temperature during the experiment und hum idity o f  the surface before beginning o f  an experiment 
and adjusted wind speed (in brackets readings during experiments).

Forsøgs­ T unne l Luft tcm p . °C Jo rd  tcm p . °C L u ftlia stig h cd  Jordens fug tighed  ved
periode nr. A ir lemp. °C Soil temp. °C m /s c k . '1 periodens b egyndelse
Experimental Tunnel W ind speed Soil humidity at the
period no. m iddel m aks. m in . m iddel m aks. m in. n i/scc. start o f  the period

mean max. m m . mean max. min.

5 .- l  1. maj 87 1 8.1 17,0 2,0 9 ,0 16,0 4 ,0 4 .5 T or;i
2 7,9 16,0 2,0 8.7 15,0 4 ,0 (3 .6 -5 ,0 ) Dry
3 8.1 I7.() 2,t) 8.8 14.0 4 ,0

12.—18. maj S7 1 6.5 12.0 2,0 6.9 10,0 5 ,0 4 .5 Fugtig
2 6,4 12,0 2 ,0 7,2 11,0 5 ,0 (3 ,8 -4 ,9 ) Humid
3 6.5 12,0 3,0 7 ,1 10,0 5 ,0

1 7 ,-23 .jun i87 1 8,5 14,0 3,0 9.1 12,0 7 ,0 4 .3 Tør
2 8,6 14,0 3,0 9,5 13,0 7 ,0 (2 ,8 -4 ,9 ) Dry
3 8.5 14.0 3,0 9,3 13,0 7.0

11 .—17. feb. 87 2 .8 '1 5 0,8 6 ,4 Fugtig
(4 ,8 -7 ,4 ) Humid

17.-23. feb. 88 2,9 4,9 0,2 6 .5 Fugtig
(5 ,3 -6 ,9 ) Humid

24. f c b .- l .  m arts 88 0,0 2.7 1,6 5 ,5 Fugtig
(4 ,8 -6 ,7 ) Humid

2 .-8 . m artsSS 1,3 2 ,9 1,0 5 .5 Fugtig
(3 .7 -6 .2 ) Humid

"  Indstillet luftliastighcd i m e ta lrø rs tu n n e l. M in . og  m aks. h a s tig h ed  re g is tre re t  i m ålcpcriodcn  anført i p a re n te s .
Fugtig, hvis de l har regnet sam m e dag  e lle r dag en  fø r e lle rs  tø r.

’’ For m ålinger e f te r  11, feb. 1988 e r  an v en d t (e m p c ra tu rd a ta  fra  na;rliggende  e n g e lsk  vejrhyt(c (I ,S m h ø jd e ).
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A. 5 . -1 1. MAJ 1987

I

a. 12.-18. MAJ 1987

I

P å  g r u n d  a f  sv ig t  a f  d a t a l o g g e r e r  l u f t t e m p e r a ­
t u r e n  f o r  f o r s ø g e n e  g e n n e m f ø r t  f e b r u a r / m a r t s
1988 t a g e t  f ra  k l i m a s t a t i o n .  S o m  n æ v n t  o v e n f o r  
b l e v  d e r  v e d  d e  h e r  b e n y t t e d e  l u f t h a s t i g h e d e r  f u n ­
d e t  g o d  o v e r e n s s t e m m e l s e  m e l l e m  l u f t t e m p e r a t u ­
r e r  m å l t  i v i n d t u n n e l e r  o g  v e d  k l i m a s t a t i o n .

S t a n d a r d - a f v i g e l s e n  p å  v æ r d i e r  f r a  a m m o n i a k -  
f o r d a m p n i n g  f ra  u r e a  v a r  2 0 - 3 0  p c t .  a f  m i d d e l v æ r ­
d i e n  ( f ig .  6 ) .  V a r i a t i o n e n  a n t a g e s  p r i m æ r t  a t  h i d ­
r ø r e  f r a  f o r s k e l l e  i h y d r o l y s e h a s t i g h e d e n  a f  u r e a  
s o m  fø lg e  a f  f o r s k e l l e  i k r y s t a l l e r n e s  k o n t a k t  m e d  
j o r d  o g  p l a n t e r ,  o g  f r a  f o r s k e l l e  i f u g t i g h e d s f o r ­
h o l d .

I d e  f ø r s t e  12 t i m e r  e f t e r  f o r s ø g s s t a r t  v a r  a m m o ­
n i a k f o r d a m p n i n g e n  o f t e  lav, h v o r f o r  a m m o n i ­
a k i n d h o l d e t  i l u f t e n  f r a  d e  g ø d e d e  a r e a l e r  k u n  a f ­
v e g  l id t  f r a  i n d h o l d e t  i l u f t e n  f r a  d e n  u b e h a n d l e d e  
t u n n e l .  D e r f o r  k a n  v a r i a t i o n e n  p å  d i s s e  m å l i n g e r  
v æ r e  b e ty d e l i g .  1 v i n t e r p e r i o d e n  f a n d t e s  o f t e  lave  
i n d h o l d  a f  a m m o n i a k  i l u f t e n .

A l t  a n d e t  lige  e r  a m m o n i a k f o r d a m p n i n g e n  f r a  
h y d r o l y s e r e t  u r e a  e n  f u n k t i o n  a f  p H .  F o r d a m p ­
n i n g e n  b e g y n d e r ,  n å r  u r e a k r y s t a l l e r n e  i t i l s t e d e ­
v æ r e l s e  a f  v a n d  h y d r o l y s e r e s  til N H j  o g  C 0 2, o g  
d e r  d a n n e s  N H 4 o g  H C O j .  D e t t e  m e d f ø r e r ,  a t  p H  
s t ig e r .  V e d  f o r d a m p n i n g e n  a fg iv e s  i m i d l e r t i d  p r o ­
t o n e r ,  o g  p H  f a ld e r ,  h v o r v e d  C 0 2 f o r d a m p e r  u n ­
d e r  f o r b r u g  a f  d e  f r i g j o r t e  p r o t o n e r .  I d e n n e  f a s e  
s k e r  d e r  e n  s a m t i d i g  f o r d a m p n i n g  a f  C 0 2 o g  N H 3 
m e d  d e t  r e s u l t a t ,  a t  p H  h o l d e s  k o n s t a n t .  N å r  d e n  
d a n n e d e  C 0 2 e r  f o r d a m p e t ,  vil d e n  f o r t s a t t e  f o r ­
d a m p n i n g  a f  N H 3 m e d f ø r e  f a l d e n d e  p H .  S l u t t e ­
ligt b l i v e r  p H  så  lav t  i j o r d o v e r f l a d e n ,  a t  f o r d a m p ­
n i n g e n  a f  a m m o n i a k  s t o r t  s e t  o p h ø r e r  (14 ,  2 9 ) .

F ig .  6 A  v is e r  e t  s å d a n t  f o r l ø b .  F o r d a m p n i n g s ­
h a s t i g h e d e n  e r  lav  i s t a r t e n ,  m e n  s t i g e r  e f t e r  e t  
d ø g n  f o r  d e r e f t e r  a t  v æ r e  k o n s t a n t .  E f t e r  5 d ø g n  
s e s  e t  b e g y n d e n d e  fa ld  i f o r d a m p n i n g e n .

C. 11.-17. FEBRUAR 1988

III
120 144

Timer efter forsogsstart

Fig. 6. F o rdam pn ing  af a m m o n ia k  fra u re a  ( 10 g N /m *). 
I de  tre  u n d e rsø g e lse r blev u re a  u d b ra g t: A . d . 5 . m aj 
1987 (k l. 10.15) på 30 cm høj v in te rh v e d e ; B. d . 12. maj 
1987 (k l. 10.15) pä 35 cm høj v in te rh v e d e ; og  C . d . 11. 
f e b ru a r  I9SS (k l. 13.30) pä <  10 cm  hø j v in te rru g . F o r­
sø g et påb eg y n d t d . 12. m aj b lev  v an d el m ed  10 m m  e f­

te r  24 tim er. L o d re tte  p in d e  an g iv e r 1 s .d . (n  =  3). 
Volatilization o f  ammonia fro m  urea (10 g N hn2) applied 
on A . 5 May I9S7 (10,15) to winterwheat (plant height 30 
cm), B. 12 May 10S7 (10,15) to winterwheat (plant height 
35 cm) und C. II hehritary l(J,S’,S' ( 13,30) tu winterrye (plant 
height <10 cm). The experiment initiated on 12 M ay wus 
irrigated with JO mm after 24 hours. Bars indicate I s.d . (n 

= 3).



N å r  u r e a  b l e v  u d b r a g t  p å  t ø r  j o r d  o g  i k k e  b l e v  
u d s a t  f o r  n e d b ø r  (f ig .  6 A ) ,  v a r  a m m o n i a k - f o r ­
d a m p n i n g e n  l av  v e d  f o r s ø g e t s  s t a r t ,  s a m m e n h o l d t  
m e d  f o r s ø g  u n d e r  l i g n e n d e  t e m p e r a t u r f o r h o l d ,  
m e n  h v o r  j o r d  o g  p l a n t e r  v e d  f o r s ø g e t s  s t a r t  v a r  
f u g t i g e  (f ig .  6 B ) .  T i l s v a r e n d e  s a m m e n h æ n g  m e l ­
l e m  o v e r f l a d e n s  f u g t i g h e d  o g  a m m o n i a k - f o r ­
d a m p n i n g  f r a  u r e a  e r  v is t  a f  M ilc h u n a s  e t  a l. ( 2 5 )  
o g  H o u l t  o g  M c G a r i ty  (11 ) .  M c ln n e s  e t  a l. ( 2 2 )  
f a n d t ,  a t  d e n  b e g r æ n s e d e  a m m o n i a k - f o r d a m p ­
n i n g  f r a  t ø r  j o r d  s k y l d e s  e n  h æ m n i n g  a f  h y d r o l y ­
s e n  a f  u r e a .  I f o r s ø g e t  d .  5 .  m a j  ( f ig .  6 A )  v a r  l u f t ­
f u g t i g h e d e n  h ø j  i d ø g n e n e  e f t e r  f o r s ø g e t s  s t a r t ,  
h v i l k e t  f o r m e n t l i g  h a r  i g a n g s a t  h y d r o l y s e n  a f  u r c a  
o g  d e r m e d  o g s å  f o r d a m p n i n g e n  a f  a m m o n i a k .

H y d r o l y s e n  a f  u r e a  o g  f o r d a m p n i n g e n  a f  a m ­
m o n i a k  p å v i r k e s  o g s å  a f  t e m p e r a t u r  ( 1 0 ) .  D e n  
s t ø r s t e  f o r d a m p n i n g s h a s t i g h e d  o p t r æ d e r  d e r f o r  
p å  e t  s e n e r e  t i d s p u n k t  v e d  u d b r i n g n i n g  o m  v i n t e ­
r e n  e n d  v e d  u d b r i n g n i n g  o m  s o m m e r e n .  L i g e l e ­

d e s  vil f o r d a m p n i n g e n  b e g y n d e  a t  a f t a g e  p å  e t  s e ­
n e r e  t i d s p u n k t  e f t e r  u d b r i n g n i n g  o m  v i n t e r e n  
s a m m e n l i g n e t  m e d  s o m m c r u d b r i n g n i n g  ( f ig .  
6 C ) .

1 n o g l e  f o r s ø g  ( f ig .  6 A  o g  6C )  v a r  d e r  e n  t e n ­
d e n s  til d ø g n v a r i a t i o n  i a m m o n i a k f o r d a m p n i n ­
g e n ,  i d e t  d e  s t ø r s t e  f o r d a m p n i n g s h a s t i g h e d e r  r e ­
g i s t r e r e d e s  m i d t  p å  d a g e n ,  h v o r  t e m p e r a t u r e n  v a r  
b e t y d e l i g t  h ø j e r e  e n d  o m  n a t t e n .  O m  v i n t e r e n  v a r  
f o r d a m p n i n g e n  g e n e r e l t  l av  (f ig . 7 o g  8 ) .  I f o r s ø ­
g e t  p å b e g y n d t  d .  2 .  m a r t s  1988 k u n n e  d e r  i k k e  r e ­
g i s t r e r e s  f o r d a m p n i n g  a f  a m m o n i a k  f r a  u r e a  o g  
U A N .

V a n d i n g  a f  a r e a l e r  t i l f ø r t  u r c a  k a n  f r e m m e  h y ­
d r o l y s e n  a f  u r e a ,  s å f r e m t  l o k a l i t e t e n  e r  t ø r .  D e r ­
v e d  k a n  f o r d a m p n i n g e n  a f  a m m o n i a k  o g s å  f r e m ­
m e s  i f o r h o l d  til u v a n d e d c  a r e a l e r .  1 d e n n e  u n d e r ­
s ø g e l s e  b l e v  d e  f l e s t e  f o r s ø g  g e n n e m f ø r t  u n d e r  
f o r h o l d ,  h v o r  j o r d  o g  l u f t  v a r  f u g t ig e  v e d  f o r s ø g s ­
s t a r t  ( t a b e l  3 ) .  V a n d i n g  v e d  f o r s ø g s s t a r t  ( f i g .  7 o g

Fig. 7. A k k u m u le re t am m o n iak  tab  fra  u re a  (10 g  N /n r )  u d b ra g t d . 17. fe b ru a r  1988 (k l. 14.50) på v in te r ru g  (10 cm
h ø j).

C um ula ted  loss o f  am m on ia  fr o m  urea (10 g  N /m 2) app lied  o n  17 febriia ry  I9S8 (14,50) to  winterrye (p lant h e igh t, < 10
cm ).



9 )  h a r  d e r f o r  n æ p p e  ø g e t  h a s t i g h e d e n  a f  u r e a - h y -  
d r o ly s e n  og  p å  d e n  v is  n æ p p e  p å v i r k e t  f o r d a m p ­
n in g e n  a f  a m m o n i a k  i f o r h o l d  til u v a n d e t .

V an d in g  k a n  i m i d l e r t i d  p å v i r k e  f o r d a m p n i n g e n  
a f  a m m o n i a k  v e d ,  a t  u r e a  o g  a m m o n i a k / a m m o ­
n i u m  va sk e s  n e d  i j o r d e n ,  h v o r v e d  f o r d a m p n i n g  
m in d s k e s  (f ig . 7  o g  9 ) .  V ed  d e  h e r  a n v e n d t e  v a n ­
d i n g s m æ n g d e r  p å  5 o g  10 m m  ( f ig .  7 ,  S o g  9 )  b l e v  
f o r d a m p n i n g e n  n e d s a t ,  m e n  v a n d i n g s m æ n g d e n  
h a r  ikke  v æ re t  t i l s t r æ k k e l i g  til a t  b r i n g e  f o r d a m p ­
n in g e n  til o p h ø r .

E f te r  v a n d i n g  m e d  m i n d r e  v a n d m æ n g d e r  k a n  
f o r d a m p n i n g e n  f o r t s æ t t e ,  i d e t  d e r  v e d  e n  e f t e r f ø l ­
g e n d e  u d t ø r r i n g  f o r t s a t  vil k u n n e  f i n d e  f o r d a m p ­
n in g  a f  a m m o n i a k  s t e d .  fo r d i  n e d v a s k n i n g e n  h a r  
v æ re t  u b e t y d e l i g .  (S ,  19). ß o t tw m e e s ie r  e t a l. ( 2 )  
o g  Ferguson el a l. ( 6 ) f a n d t ,  a t  f o r d a m p n i n g e n  a f  
a m m o n i a k  fra  u r e a  o p h ø r t e  v e d  n e d b ø r s -  e l l e r  
v a n d i n g s m æ n g d e r  p å  o v e r  20  m m .

D e n  a k k u m u l e r e d e  f o r d a m p n i n g  a f  a m m o n i a k  
fra  u re a  e f t e r  6  d ø g n  v a r  a f  s a m m e  s t ø r r e l s e ,  u a n ­
s e t  o m  d e r  b l e v  v a n d e l  m e d  10 m m  e f t e r  e t  d ø g n ,  
e l l e r  v a n d in g e n  b l e v  g e n n e m f ø r t  a d  t o  g a n g e  m e d  
5 m m  ved f o r s ø g e t s  s i a r t  o g  5 m m  e f t e r  e t  d ø g n

( f ig .  9 ) .  D e r  v a r  k u n  m i n d r e  f o r s k e l l e  i t e m p e r a t u ­
r e n  i d e  p å g æ l d e n d e  f o r s ø g .

F o r d a m p n i n g e n  fra  U A N  ( u r c a - a m m o n i u m - n i -  
t r a t )  v a r  l a v e r e  e n d  f r a  u r e a  ( f ig .  S ) .  T i l s t e d e v æ r e l ­
s e n  a f  n i l r a t  i U A N - g ø d n i n g e n  m e d f ø r e r ,  a t  p H  
f a l d e r  til l a v e re  n i v e a u e r  s o m  f ø l g e  a f  s a l p e t e r s y ­
r e d a n n e l s e n  (1 ,  14),  o g  c a r b o n a t - a f g a s n i n g e n  få r  
m i n d r e  b e t y d n i n g .  E n d e l i g  b l e v  U A N  t i l f ø r t  s o m  
v æ s k e  i m o d s æ t n i n g  til u r e a ,  d e r  f a n d t e s  p å  fast 
f o r m .  K v æ l s t o f i n d h o l d e t  i U A N  f o r d e l e r  s ig  i f o r ­
h o l d e t  2 : 1:1 m e l l e m  h e n h o l d s v i s  u r e a ,  a m m o ­
n i u m  o g  n i t r a t .

V e d  u d b r i n g n i n g  a f  u r e a  i f e b r u a r / m a r t s  v a r  t a ­
b e t  a f  a m m o n i a k  v e d  f o r d a m p n i n g  p å  3 p c t .  til 10 
p c t .  a f  d e n  t i l f ø r t e  N - m æ n g d e ,  n å r  g ø d n i n g e n  
i k k e  u d s a t t e s  fo r  n e d b ø r .  V a n d i n g  m e d  m e r e  e n d
5 m m  d e  f ø r s t e  d ø g n  e f t e r  u d b r i n g n i n g  k a n  b e ­
g r æ n s e  f o r d a m p n i n g e n .  T e m p e r a t u r e n  h a r  b e t y d ­
n i n g  f o r  a m m o n i a k t a b e t s  s t ø r r e l s e ,  i d e t  b å d e  hy­
d r o l y s e n  o g  f o r d a m p n i n g e n  a f  a m m o n i a k  ø g e s  
v e d  s t i g e n d e  t e m p e r a t u r .  1 m a j / j u n i  m å l t e s  a m m o ­
n i a k t a b  p å  20  til 3 0  p c t .  a f  N - i n d h o l d e t  i d e n  t i l ­
f ø r t e  u r e a ,  s å f r e m t  n e d b ø r e n  v a r  m i n d r e  e n d  10 
m m  i n d e n  f o r  d e  f ø r s t e  d ø g n .
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•  Urea, 5 mm vanding ved 0 timer 

•* UAN, 5 mm vanding ved 0 timer 

v  UAN, 5 mm vanding ved 0 timer og  
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Fig. S. A k k u m u le re t a m m o n iak l:ih  fra u rc a  (K) g N /m ’ o g  u re a a m m o n iu m n itra t  (3 .8  g N /m ’ ) u d b ra g t d . 24. fe ­
b ru a r  lyXX (k l. 12 .55 ) på v in te r ru g  ( <  10 cm  h o j).

Cumulated loss o f  a m m o n ia  fr o m  urea (10 g  N In r )  an il u rcn-am m onium -n itra te  (3. S  g N ln r )  ap p lied  on  2-1 February
/'AS’S (12,55) to w interrye (p lan t height, < 1 0 cm ).
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Fig. 9. A k k u m u le re t a m m o n iak lab  fra u rc a  u d b ra g t d . 12. m a j 1987 (k l. 10.15) m e d  10 g N/m: lii v in te rh v ed e  (35  
em hö j) og  d . 17. ju n i 19X7 (k l. 10.50) m e d  15 g N /n r  til g ra:s e f te r  slæt.

C um ulated  loss o f  am m onia  fr o m  urea app lied  12 M ay 110,15) to  w inter wheat (p lan t height, 35 cm) at a rate o f  10 g  N /m 2 
an d  on  17 June  IV37 ( 10,50) to  cut grass at a rate o f  15 g  N /n r .
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Résum é
A m m o n i a k t a b e t  f r a  s v in e g y l l e  u d b r a g t  p å  j o r d f l a ­
d e n  b l e v  b e s t e m t  m e d  e t  m o b i l t  v i n d t u n n e l s y -  
s t e m ,  h v o r v e d  a m n i o n i a k f o r d a m p n i n g e n  f r a  g ø ­
d e d e  a r e a l e r  b e s t e m t e s  d i r e k t e .

F r a  o k t o b e r  19S6 til j u n i  19SS b l e v  d e r  g e n n e m ­
f ø r t  3 9  f o r s ø g  ( h v e r  a f  s e k s  d ø g n s  v a r i g h e d )  m e d  
fo r s k e l l i g e  t y p e r  a f  s v in e g y l l e  u d b r a g t  p å  g r o v  
s a n d b l a n d e t  l e r j o r d  ( J B 5 )  o g  g r o v s a n d e t  j o r d  
( J B 1 ) .  J o r d o v e r f l a d e n  v a r  e n t e n  f r æ s e t  s t u b  e l l e r  
u b e h a n d l e t  s t u b ,  g r æ s  e f t e r s l æ t ,  v i n t e r h v e d e ,  r u g  
e l l e r  m a j s .  F o r s ø g s a r e a l e t  v a r  a f s k æ r m e t  m o d  
n e d b ø r ,  m e n  v a n d i n g  in d g ik  i t r e  f o r s ø g .

F o r d a m p n i n g e n  a f  a m m o n i a k  v a r i e r e d e  m e d  
p H ,  t e m p e r a t u r  o g  t ø r s t o f i n d h o l d ,  o g  d e r  f a n d t e s  
e n  b e t y d e l i g  v e k s e l v i r k n i n g  m e l l e m  d i s s e  f a k t o ­
re r .  D e n  a k k u m u l e r e d e  a m m o n i a k f o r d a m p n i n g  
o v e r  s e k s  d ø g n  v a r i e r e d e  f r a  10 til 6 0  p c t .  a f  a m ­
m o n i u m i n d h o l d e t  i d e n  u d b r a g t e  g y l le .

D e  s t ø r s t e  t a b  f a n d t  s t e d ,  n å r  t e m p e r a t u r e n  v a r  
o v e r  13°C o g  i f r o s tv e j r ,  h v o r  g y l l e n s  f l y d e n d e  f r a k ­
t io n  ik k e  k u n n e  s ive  n e d  i j o r d e n .  A m m o n i a k f o r ­
d a m p n i n g e n  v a r  m i n d s t  v e d  t e m p e r a t u r e r  m e l l e m  
0 ° C  o g  7 ° C  m e d  g e n n e m s n i t l i g e  a m m o n i a k t a b

o v e r  s e k s  d ø g n  p å  m i n d r e  e n d  3 0  p c t .  a f  g y l l e n s  
a m m o n i u m i n d h o l d .

V e d  t ø r s t o f i n d h o l d  l a v e r e  e n d  1,5 p c t .  v a r  a m -  
n o n i a k f o r d a m p n i n g e n  l a v  u a n s e t  g y l le n s  p H - v æ r -  
d i .  E f f e k t e n  a f  v a n d i n g  p å  a m m o n i a k t a b e t  v a r  
ik k e  m å l e l i g ,  f o r d i  d e r  i d e  g e n n e m f ø r t e  v a n d i n g s ­
f o r s ø g  b l e v  a n v e n d t  g y l l e  n i e d  lav t  t ø r s t o f i n d h o l d .

F r a  g y l le  m e d  p H  l a v e r e  e n d  6 ,8  f o r d a m p e d e  i 
l ø b e t  a f  s e k s  d ø g n  m i n d r e  e n d  12 p c t .  a f  a m m o n i ­
u m i n d h o l d e t .  V e d  p H  7 , 5  -  7 ,7  v a r i e r e d e  a m m o ­
n i a k f o r d a m p n i n g e n  o v e r  2 4  t i m e r  fra  7 ti l 4 S  p c t .  
a f  a m m o n i u m i n d h o l d e t .  D e  lave  t a b  b l e v  f u n d e t  
vod  u d b r i n g n i n g  u f  g y l le  m e d  lav t  t ø r s t o f i n d h o l d  
( < 1 , 5  p c t . )  o g  v e d  t e m p e r a t u r e r  o m k r i n g  5 ° C .

S å f r e m t  f o r å r s u d b r a g t  g y l l e  n e d b r i n g e s  i j o r ­
d e n  i n d e n  12 t i m e r  e f t e r  u d b r i n g n i n g e n ,  v i l  a m ­
m o n i a k t a b e t  v æ r e  m i n d r e  e n d  10 p c t .  a f  a m m o n i ­
u m i n d h o l d e t .  O m  s o m m e r e n  vil t a b e t  o v e r  e n  t i l ­
s v a r e n d e  p e r i o d e  v æ r e  c i r k a  d o b b e l t  s å  s t o r t .

I d e t  f o r s ø g s a r e a l e r n e  v a r  a f s k æ r m e t  m o d  n e d ­
b ø r  i f o r s ø g s p e r i o d e n ,  vi l d e r  u n d e r  a l m i n d e l i g e  
m a r k f o r h o l d  f o r e k o m m e  l a v e r e  a m m o n i a k t a b  
e n d  d e  h e r  m å l t e ,  s å f r e m t  d e t  g ø d e d e  a r e a l  u d s æ t ­
te s  f o r  s t ø r r e  m æ n g d e  n e d b ø r .

N oglcord :  A m m o n ia k f o r d a m p n in g ,  v in d lu n n c l s y s tc m ,  sv inegyl le ,  a tm osfæ risk  a m m o n ia k in d h o ld ,  a m m o n i u m ,  
s tub ,  rug .  hvede,  s lætgræs, majs  o g  v an d in g .

Tidsskr.  P lan teav l  93 (1989), 307-321.

307

2tr



Summary
A  m o b i l e  w in d  t u n n e l  s y s t e m  w a s  u s e d  to  d e t e r ­
m i n e  t l ic  a m m o n i a  v o l a t i l i z a t i o n  f r o m  s u r f a c e -  
a p p l i e d  p ig  s l u r r y  u n d e r  f i e l d  c o n d i t i o n s .

T h e  a m m o n i a  l o s s  f r o m  d i f f e r e n t  t y p e s  o f  p i g  
s l u r r y  w a s  m e a s u r e d  in  3 9  e x p e r i m e n t s  c a r r i e d  
o u t  f r o m  O c t o b e r  19S6 t o  J u n e  19S8 o n  a  s a n d y  
l o a m  ( J B 5 )  a n d  a  c o a r s e  s a n d  s o i l  ( J B l ) . T h e  s o i l  
w a s  r o t a v a t e d  o r  c o v e r e d  b y  i n t a c t  s t u b b l e ,  g r a s s  
c u t  fo r  s i l a g e ,  w i n t e r  w h e a t ,  ry e  o r  m a i z e .  T h e  e x ­
p e r i m e n t a l  a r e a  w a s  n o t  e x p o s e d  t o  p r e c i p i t a t i o n ,  
b u t  i r r ig a t io n  w a s  i n c l u d e d  in  t h r e e  e x p e r i m e n t s .  
In  e a c h  e x p e r i m e n t ,  t h e  a m m o n i a  loss  w as  d e t e r ­
m i n e d  o v e r  a s ix  d a y  p e r i o d .

V o la t i l i z a t io n  lo s s  f r o m  p i g  s l u r r y  d e p e n d e d  o n  
p H ,  t e m p e r a t u r e  a n d  c o n t e n t  o f  d r y  m a t t e r .  T h e  
i n t e r a c t i o n  b e t w e e n  t h e s e  p a r a m e t e r s  w a s  s t r o n g .  
T h e  c u m u l a t e d  lo s s  o f  a m m o n i a  o v e r  six  d a y s  v a ­
r i e d  f r o m  10 t o  6 0  p e r  c e n t  o f  t h e  a m m o n i u m  
a p p l i e d  in  s lu rry .  T h e  g r e a t e s t  lo s s  w a s  f o u n d  in 
p e r i o d s  w i th  f r o z e n  s o i l  w h e r e  t h e  l i q u id  f r a c t i o n  
c o u l d  n o t  in f i l t r a t e  t h e  s o i l .  T h e  lo s s  w a s  a l so  h i g h  
d u r i n g  p e r i o d s  w i t h  t e m p e r a t u r e s  a b o v e  13CC .

T h e  l o w e s t  v o l a t i l i z a t i o n  lo s s  o f  a m m o n i a  w a s  
f o u n d  w h e n  t e m p e r a t u r e s  w e r e  b e t w e e n  0 ° C  a n d  
T C .  U n d e r  t h e s e  t e m p e r a t u r e  r e g i m e s ,  t h e  a v e r ­
a g e  lo s s  o f  a m m o n i a  o v e r  s ix  d a v s  a c c o u n t e d  f o r  
le ss  t h a n  3 0  p e r  c e n t  o f  t h e  a m m o n i u m  a p p l i e d .

W h e n  t h e  d r y  m a t t e r  c o n t e n t  w a s  le ss  t h a n  1.5 
p e r  c e n t ,  t h e  lo s s  o f  a m m o n i a  w a s  s m a l l  r e g a r d ­
le ss  o f  p H .  D u e  t o  t h e  lo w  c o n t e n t  o f  d r y  m a t t e r ,  
i r r i g a t i o n  d i d  n o t  r e d u c e  t h e  lo s s  o f  a m m o n i a .

T h e  c u m u l a t e d  lo s s  o f  a m m o n i a  d u r i n g  s ix  d a y s  
w a s  l e s s  t h a n  12 p e r c e n t  f o r  s l u r r i e s  w i th  p H  l o w e r  
t h a n  6 .S. W i t h  p H  o f  7 .5  -  7 . 7 ,  t h e  a m m o n i a  lo s s  
d u r i n g  2 4  h o u r s  v a r i e d  f r o m  7 t o  4 8  p e r  c e n t  o f  t h e  
a m m o n i u m  a p p l i e d .  T h e  lo w e s t  lo s s  w a s  f o u n d  f o r  
s l u r r i e s  w i t h  l o w  c o n t e n t s  o f  d r y  m a t t e r  ( <  1.5 p e r  
c e n t )  a n d  s l u r r y  a p p l i e d  in  p e r i o d s  w i th  t e m p e r a ­
t u r e s  a r o u n d  5 °C .

W h e n  s l u r r y  is s u r f a c e - a p p l i e d  in  s p r i n g  a n d  i n ­

c o r p o r a t e d  i n t o  t h e  so i l  w i t h i n  12 h o u r s ,  t h e  lo s s  
o f  a m m o n i a  w il l  b e  le ss  t h a n  10 p e r  c e n t  o f  t h e  a m ­
m o n i u m  a p p l i e d .  T h e  c o r r e s p o n d i n g  lo s s  d u r i n g  
th e  s u m m e r  p e r i o d  w il l b e  tw i c e  a s  h ig h .

Key words: Vola t i l iza t ion  o f  a m m o n i a ,  wind tunne l  sy s te m ,  pig slurry,  a tm o s p h e r ic  a m m o n ia ,  a m m o n iu m ,  s t u b ­
ble . rye. w in te r  w h e a t ,  g ra s s  c u t  fo r  si lage,  m aize,  i r r iga t ion .

Indledning
1 19S6 b l e v  d e t  v e d  b e k e n d t g ø r e l s e r  f a s t s a t ,  a t  f ly ­
d e n d e  h u s d y r g ø d n i n g  u d b r a g t  p å  u b e v o k s e t  j o r d  
s k a l  n e d b r i n g e s  i n d e n  2 4  t i m e r  ( 1 2 ) .  D e t t e  k r a v e r  
s i d e n  s k æ r p e t  til n e d b r i n g n i n g  i n d e n  12 t i m e r  ( 1 3 )  
o g  i d e n  s e n e s t e  b e k e n d t g ø r e l s e  p å  o m r å d e t  (14)  
k o m b i n e r e t  m e d  k r a v  o m  6 - 9  m d r ’s o p b e v a r i n g s ­
k a p a c i t e t  fo r  g y l l e ,  s a m t  f o r b u d  m o d  u d b r i n g n i n g  
p å  u b e v o k s e d e  a r e a l e r  m e l l e m  h ø s t  o g  1. n o v e m ­
be r .

H e n s i g t e n  m e d  d i s s e  k r a v  e r  b l a n d t  a n d e t  a t  
o p n å  e n  f o r b e d r e t  u d n y t t e l s e  a f  k v æ l s t o f i n d h o l -  
d e t  i g y l le ,  så  i n d k ø b  a f  h a n d e l s g ø d n i n g  k a n  n e d ­
s æ t t e s  o g  n æ r i n g s s t o f t a b  ti l d e t  o m g i v e n d e  m i l j ø  
b e g r æ n s e s .

I d e n n e  s a m m e n h æ n g  s p i l l e r  a m m o n i a k t a b e t  
ved  h å n d t e r i n g e n  a f  g y l l e  e n  v i g t i g  r o l l e .  T i d l i g e r e  
u n d e r s o g e l s e r  a f  a m m o n i a k f o r d a m p n i n g  f r a  f a s t  
h u s d y r g ø d n i n g  o g  a j l e  h a r  v i s t ,  a t  s t ø r r e l s e n  a f  o g  
v a r i a t i o n e n  i t a b e t  a f  a m m o n i a k  k a n  v æ r e  b e t y d e ­
lig t (3 ) .  S a m t i d i g t  v i s t e  e n  s a m m e n l i g n i n g  a f  r e ­
s u l t a t e r  f o r  a m m o n i a k t a b  o p n å e t  m e d  fo r s k e l l i g e

m e t o d e r ,  a t  t a b  b e s t e m t  v e d  i n d i r e k t e  m e t o d e r  (fx  
u d b y t t e b e s t c m m e l s e r )  s y n e s  a t  v æ r e  b e t y d e l i g t  
s t ø r r e  e n d  t a b  b e s t e m t  v e d  d i r e k t e  m å l i n g e r  a f  
a m m o n i a k i n d h o l d  i lu f t ,  d e r  h a r  p a s s e r e t  d e t  g ø ­
d e d e  a r e a l .

F o r  a t  k u n n e  k v a n t i f i c e r e  b e t y d n i n g e n  a f  d e  
f o r n æ v n t e  k r a v  i r e l a t i o n  til t a b e t  a f  a m m o n i a k  til 
o m g i v e l s e r n e ,  o g  f o r  a t  k u n n e  t i l s k r iv e  g y l l e n  e n  
m e r e  k o r r e k t  g ø d n i n g s v æ r d i ,  k r æ v e s  m e r e  d e t a l ­
j e r e d e  u n d e r s ø g e l s e r  a f  s t ø r r e l s e n  a f  a m m o n i a k ­
f o r d a m p n i n g e n  f r a  gy l le .

D e t  e r  b l a n d t  a n d e t  v æ s e n t l i g t ,  a t  k u n n e  i d e n t i ­
f i c e r e  p a r a m e t r e  a f  o v e r o r d n e t  b e t y d n i n g  f o r  a m ­
m o n i a k t a b e t ,  i d e t  d e t  v i d e s ,  a t  t i d s f a k t o r e n  i k k e  
a l e n e  e r  b e s t e m m e n d e  f o r  t a b e t s  s t ø r r e l s e .

V e d  A s k o v  f o r s ø g s s t a t i o n  e r  d e t  s i d e n  2 0 ' e r n e  
b l e v e t  u n d e r s ø g t ,  h v o r l e d e s  s t ø r r e l s e n  a f  N H r  
f o r d a m p n i n g e n  f r a  a j l e  o g  f a s t  s t a l d g ø d n i n g  a f ­
h æ n g e r  a f  h å n d t e r i n g e n ,  h e r u n d e r  n e d b r i n g -  
n i n g s t i d s p u n k t c t .  I 19S5 i n d l e d t e s  u n d e r s ø g e l s e r  
a f  N H - , - f o r d a m p n i n g e n  f ra  g y l le  u d s p r e d t  p å  j o r d ­
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o v e r f l a d e n .  T i l  d i s s e  u n d e r s ø g e l s e r  b l e v  u d v i k l e t  
e t  v i n d i u n n e l s y s t e m  (4 ) .

D e n n e  b e r e t n i n g  o m h a n d l e r  a m m o n i a k f o r -  
d a n i p n i n g  f r a  e n  r æ k k e  f o r s k e l l i g e  t y p e r  a f  s v i n e ­
g y l le ,  d e r  b l e v  o v e r f l a d c u d b r a g t  p å  f o r s k e l l i g e  
å r s t i d e r .

F o r d a m p n i n g e n  f r a  g y l le  b l e v  b e s t e m t  p å  t o  
j o r d t y p e r  m e d  o g  u d e n  a f g r ø d e .  F o r d a m p n i n g e n  
fra  s t i g e n d e  m æ n g d e r  a f  g y l l e  p r .  a r e a l e n h e d  b l e v  
u n d e r s ø g t ,  o g  d e r  b l e v  b e n y t t e t  g y l l e  m e d  f o r s k e l ­
ligt  p H  o g  t ø r s t o f i n d h o l d .  E n d v i d e r e  b l e v  e f f e k ­
t e n  a f  n e d b o r  i n d d r a g e t  v e d  h j æ l p  a f  v a n d i n g ,  i d e t  
f o r s ø g s a r e a l e t  u n d e r  v i n d t u n n e l e r n e  i k k e  b l e v  
u d s a t  f o r  n e d b ø r  i f o r s ø g s p e r i o d e n .

Materialer og m etoder
V i n d t u n n e l
D e r  b e n y t t e s  f i r e  v i n d t u n n e l c r  ( 4 )  til m å l i n g  a f  
N H ., - f o r d a m p n i n g e n .  H e r a f  b e n y t t e s  e n  til m å ­
ling  a f  N H 3- k o n c e n t r a t i o n e n  i l u f t  f r a  e t  u b e h a n d ­
le t  a r e a l  o g  d e  t r e  ø v r i g e  til m å l i n g  a f  f o r s ø g s b e ­
h a n d l i n g e r .  H v e r  v i n d t u n n e l  b e s t å r  a f  e t  m e t a l r o r  
m e d  e n  v e n t i l a t o r ,  d e r  s k a b e r  e n  l u f t s t r ø m  g e n ­
n e m  e n  o m v e n d t  u - f o r m e t  t u n n e l e n h e d .  S i d s t ­
n æ v n t e  e r  u d f ø r t  i k l a r  p o l v c a r b o n a t p l a d e  o g  d æ k ­
k e r  se lve  f o r s ø g s a r e a l e t  (0 ,5  x  2  m ) .  I l u f t a f k a s t e t  
m a le s  N H , - k o n c e n t r a t i o n e n .

N H j - m å l i n g e r
E f t e r  v e n t i l a t o r e n ,  m e n  i n d e n  l u f t e n  f o r l a d e r  m e ­
t a l r o r e t ,  u d t a g e s  i s e k s  p u n k t e r  d e l p r ø v e r  a f  l u f t ­
s t r ö m m e n  m e d  m e m b r a n p u m p e .  L u f t e n  s u g e s  
g e n n e m  e n  100 m l  g a s v a s k e f l a s k e  (5  l / m i n )  i n d e ­
h o l d e n d e  5 0  m l  0 , 0 0 5  M  H j P O j ,  h v o r i  N H 3 a b s o r ­
b e r e s .  N H / - k o n c c n t r a t i o n c n  i H - , P O - , - o p l o s n i n -  
g e n  b e s t e m m e s  v e d  e n  B e n h e l o t  r e a k t i o n  o g s p e k -  
t r o f o to m e t r i .  H v e r  t u n n e l  e r  u d s t y r e t  m e d  f i r e  
g a s v a s k e f l a s k e r .  M e d  e t  p r o g r a m m e r b a r t  m a g -  
n e t v e n t i l s y s t c m  s k i f t e s  a u t o m a t i s k  m e l l e m  g a s v a ­
s k e f l a s k e r n e ,  d e r  d e r v e d  o p s a m l e r  N H 3 i f i r e  
f o r u d  f a s t l a g t e  t i d s r u m .

V i n d h a s t i g h e d  o g  ( e m p e r a ( u r m å l i n g c r  
I m e t a l r o r e t  m å l e s  v i n d h a s t i g h e d e n  m e d  v i n d t u r ­
b i n e  o g  l u f t t e m p e r a t u r  m e d  t e r m o e l e m e n t .  J o r d ­
t e m p e r a t u r  m å l e s  m e d  t e r m o e l e m e n t  a n b r a g t  2  
c m  u n d e r j o r d o v e r f l a d e n  i t u n n e l e n h e d e n .  S i g n a ­
l e r n e  f r a  t e m p e r a t u r f ø l e r e n  o g  v i n d h a s t i g h e d s ­
m å l e r e n  l a g r e s  h v e r  t i m e  i d a t a l o g g e r .

F o r s o g s p l a n
T a b e l  1 g iv e r  e n  b e s k r i v e l s e  a f  d e  a n v e n d t e  t y p e r  
a f  s v i n e g y l l e .  D e r  b l e v  a n v e n d t  gy l le  m e d  p H  v a ­
r i e r e n d e  f r a  6 .4  til 7 , 7 .  m e d  t ø r s t o f i n d h o l d  f r a  
0 , 7 0  til 7 ,S 7  p c t . ,  o g  m e d  in d h o ld  a f  a m m o n i a k  o g  
a m m o n i u m  ( h e r e f t e r  k a l d e t  N H 4+ ) v a r i e r e n d e  
f r a  0 ,1S til 0 . 5 6  p c t .  T o t a l  N - i n d h o l d e t  v a r i e r e d e  
f r a  0 , 2 5  til 0 , 7 6  p c t .

D e r  b l e v  s o m  r e g e l  t i l f o r t  gyl le  s v a r e n d e  t i l  3 0 1 
p r .  h a .  I t r e  f o r s ø g  b l e v  d e r  t i l fø r t  gy l le  s v a r e n d e  
til 1 0 , 2 0  o g  3 0 1 p r .  h a ,  o g  i e t  e n k e l t  f o r s ø g  m æ n g ­
d e r  s v a r e n d e  til 3 0 ,  6 0  o g  90  t p r .  h a .  F o r s ø g e n e  
b l e v  g e n n e m f o r t  i p e r i o d e n  o k t o b e r  19S6 t i l  j u n i  
19SS.

G y l l e n  b l e v  u d b r a g t  p å  b a r  j o r d .  u b e h a n d l e t  
s t u b m a r k ,  f r æ s e t  s t u b .  g ræ s  e f t e r  s læ t ,  p å  h v e d e  
o g  r u g i  f o r s k e l l i g e  v æ k s t s t a d i e r  e l l e r  p å  m a j s .  F o r ­
s ø g e n e  b l e v  g e n n e m f ø r t  p å  J B 1  o g  J B 5  j o r d e .

N e d b ø r  b l e v  s i m u l e r e t  ved  v a n d in g  i t r e  f o r s ø g  
( t a b e l  1).  D e n  a n v e n d t e  m e t o d e  e r  b e s k r e v e t  t i d l i ­
g e r e  ( 4 ) .

L u f t h a s t i g h e d e n  i v i n d t u n n c l c r n c  v a r  i f o r s ø g e t  
i n d s t i l l e t  til m e l l e m  4 , 0  o g  6 ,3  m /s  ( t a b e l  2 ) .  D e r  
b l e v  u n d e r  m å l i n g e r n e  r e g i s t r e r e t  l u f t t e m p e r a t u ­
r e r  f r a  - 6 , 0 ' C  til 2 S , 0 ° C  o g  j o r d t e m p e r a t u r e r  f r a  
- 2 , 0 ° C  til 2 4 , S 'C .

N H j - f o r d a m p n i n g e n  b le v  d e  f o r s t e  t o  d ø g n  
m å l t  i t i d s r u m  a f  s e k s  t i m e r s  v a r ig h e d  o g  a f  2 4  t i ­
m e r s  v a r i g h e d  d e  e f t e r f o l g e n d e  f ire  d ø g n .

B e r e g n i n g e r
F o r d a m p n i n g e n  a f  a m m o n i a k  b le v  b e r e g n e t  u d  
f r a  f ø l g e n d e  l i g n in g :
J  ( t i m e )  =  K  X A  X U  X ( N H , f s . - N H j r e f . ) ,  h v o r  

J  ( t i m e )  =  N H j - f o r d a m p n i n g ,  g  N H 3- N / t i m e .
K  =  O m r e g n i n g s k o n s t a n t ,  360 0  s / t i m e .
A  =  A f k a s t e t s  t v æ r s n i t s a r e a l .  m 2.
U  =  V i n d h a s t i g h e d ,  m/s .
N H 3 fs.  =  N H 3 k o n c e n t r a t i o n  i l u f t a f k a s t  f r a  

f o r s ø g s a r e a l ,  g N H 3- N / n r \
N H 3 r e f .  =  N H 3 k o n c e n t r a t i o n  i l u f t a f k a s t  f r a  

u b e h a n d l e t  a r e a l  ( r e f e r e n c e ) ,  g  

N H y N / n v ' .

V e d  d e n n e  b e r e g n i n g  f r a t r æ k k e s  N H 3- i n d h o l -  
d e t  i l u f t  f r a  u b e h a n d l e t  a r e a l  ( r e f e r e n c e t u n n e l ) ,  
h v o r v e d  n e t t o - f o r d a m p n i n g e n  f r a  de  b e h a n d l e d e  
f o r s ø g s a r e a l e r  b e s t e m m e s .

F o r d a m p n i n g e n  e r  o p g j o r t  s o m  N H j - N  f o r d a m ­
p e t  i p r o c e n t  a f  d e n  u d b r a g t e  m æ n g d e  N H 4+ - N .  
D e r v e d  m u l i g g ø r e s  e n  s a m m e n l i g n i n g  a f  N H 3- t a -  
b e t  f r a  f o r s k e l l i g e  g y l l e t y p e r  u d e n  h e n s y n t a g e n  til
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Tabel 1. Kemisk sam m en s æ tn in g  og  m æ n g d e  af  den anvend te  gylle, vanding,  jo rdbunds type  og ove rf lade  a f  forsogsa-  
rcul.
Chemical com position  an ti a m o u n t o f  a d d ed  slurry, irrigation, so il type and  surface o f  experim en ta l area.

Forsøgs­ Gylle T o ta l - N N H / * PH T ørs to f V anding O verf lade J o rd b u n d s

periode i/ha pc t . pct. pct. mm typer
Eksperimental S lu rry T o ta l-N NHj* * D ry m atter Irrigation S o il surface S o il type
period t/lta % % 9c m in

19S6 Stub J B 5
03.10-14.10 30 0 .55 0.37 7.2 4.46 0 Stubb le -

19S6 Stub J B 5
14.10-20.10 30 0,55 0.37 7,2 4.46 0 Stubb le -

1986 90 0 .55 0.37 7.2 •4.46 0 Stub J B  5
30.10-04.11 60 - - - - 0 S tubb le -

30 - - - - 0 -

19S6 30 0 ,27 0,23 7.7 1.20 0 Stub J B 5
11.11-17.11 30 0 ,45 0.35 7,2 2,44 0 S tu b b le -

30 0 ,42 0.33 7.0 3.17 0 - -

19S6 30 0 .53 0.38 6.9 4.42 0 V in te r  hvede J B 5
18.11-25.11 30 0 .27 0,23 7,7 1,20 0 W inter w heat -

30 0 .53 0.3S 6,9 4,42 0 ( < 10cm) -

19S6 30 0 .53 0.38 6,9 4,42 0 V in te rh v e d e J B  5
25.11-01.12 30 0 ,27 0,23 7,7 1,20 0 W inter w heat -

30 0 ,53 0.38 6,9 4,42 0 ( < 10cm) -

19S7 30 0 .27 0.18 6,4 3.34 0 G r x s J B  5
09.04-15.04 30 0.68 0.56 7.4 4.37 0 C rass -

1987 30 0 .30 0.21 6,4 3,65 0 G ræ s JB  5
22.04-2S.04 30 0 ,76 0,56 7,1 7,40 0 C rass -

30 0 .54 0.39 6 .S 3.81 0

19S7 30 0 ,43 0.25 7,0 7,87 0 V in te rh v e d e JB  5
19.05-25.05 30 0 .34 0,29 7,0 1,15 5 W inter w heat -

30 0.25 0.23 7.4 0.70 5 ( < 3 5  cm) -

19S7 30 0,2S 0,24 7,5 1,02 0 G r x s  e f te r s læ t J B  5
10.06-16.06 30 0 .28 0,24 7,5 1.02 10 C ut grass -

19S7 30 0 .42 0,30 6,8 2.58 0 G ræ s ef te r  slæt J B  5
25.08—3J.0S 30 0 ,33 0.25 6.9 1,92 0 C ut grass -

30 0,25 0,23 7,4 0,70 0

19S7 10 0 ,48 0,32 7.5 5,60 0 Fræset J B 5
24.11-30.11 20 0 ,48 0,32 7,5 5,60 0 R otava ted -

30 0 ,48 0.32 7.5 5,60 0

19S7 10 0,4S 0,32 7.5 5,60 0 S tub J B 5
02.12-08.12 20 0 ,48 0,32 7,5 5,60 0 S tubb le -

30 0 ,48 0,32 7,5 5,60 0

1987 10 0 ,48 0,32 7,5 5,60 0 Stub JB  5
10.12-16.12 20 0 ,48 0,32 7,5 5,60 0 S tubb le -

30 0,4S 0,32 7,5 5,60 0

19SS R u g ( < 10cm ) J B  1
17.05-23.05 30 0 .43 0.38 7,5 3.10 0 R ye -

19SS 30 0 ,43 0,38 7,5 3,10 0 M ajs (< 5 -1 0 c m ) J B  1
25.05-31.05 30 0 ,43 0,38 7,5 3,10 0 M aize -

• ( N H j + N H / ) - N
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T a b e l  2 . M iddelværdier  for luft- og  jo r d t e m p e r a tu r e r ,  sam t indstillet lufthastighed (aflrcst m a k s im u m  og m in im u m s ­
væ rd ie r  i paren tes) .
A  fertige air a n d  so il tem perature du rin g  th e  experim en ts  a n d  w ind  speed sellings (m ax im um  a n d  m in im u m  read ings d u ­
ring experim en ts  in brackets).

Forsøgs-
per io d c
E ksperim en ta l
p e rio d

Luft lem p .  °C  
A ir tc m p . °C

J o rd  tem p .  °C 
S o il lem p  °C

L ufthast ighed  m /sek. 
W ind  sp ee d  m /sec.

middel
m ean

min .
m in .

m aks.
m ax.

middel
m ean

min.
m in .

maks.
max.

I9S6
OS.10-14.10 9.0 1.0 19.0 10.0 7.0 13.0 4.0 (3 .5 -9 .0 )

I9S6
14.10-10.10 S,0 2,0 17,0 9,0 4,0 13,0 4 ,0 -4 ,5 (4 ,0 -7 ,0 )

I9S6
30.10-04.11 4.6 0.2 8.9 5.2 2.1 S.0 4,0-4 .5 (3 ,8 -7 ,0 )

1986
11.11-17.11 6,0 0,2 10,0 6,0 4,1 S,0 4,0 (2 ,9 -7 ,3 )

I9S6
IS .11-25.11 3.7 0.2 9.5 3.7 2.1 8.5 4.5 (4 .0 -7 ,5 )

I9S6
25.11-01.12 7,0 3,0 10,0 7,0 4,1 S ,0 4,3 (4 ,0 -9 ,5 )

1987
09 .04-15.04 3.0 0.0 6.0 3.2 1.1 6.5 5.0 (4 .5 -6 ,0 )

1987
22.04-2S.04 S,9 0.0 19,0 S,l 4,0 '14,0 4,5 (3 .S-6 ,0)

1987
19.05-25.05 8.6 3 . 1 21.0 7.8 4.1 15.0 4.5 (3 .3 -5 .5 )

19S7
10.06-16.06 9.0 3,0 1S,0 9.0 7,1 17,0 4,5 (3 ,S-5 ,2)

1987
25.08-31.09 12.8 7.1 19.0 13.4 10,0 18.5 4 .1 -4 .7 (3 .8 -5 ,2 )

1987
24.11-30.11 3.7 - 1.0 S ,0 4,3 3,0 6,0 4 ,S-5 ,5 (4 ,7 -5 ,9 )

1987
0 .2 .12—OS. 12 - 2.0 - 6.0 0.0 - 1.0 - 2,0 0.0 5.8-6 ,2 (4 ,3 -7 .2 )

1987
10.12-16.12 - 1,2 - 4 , 0 5,0 - 1,0 2,0 2.0 5 ,S-6 ,3 (3 ,3 -7 ,5 )

I9S8
17.05-23.05 7.0 - 2.0 14.0 8.0 5.0 13.0 4 .5 -5 ,4 (3 .5 -7 .6 )

19S8
25.05-31.05 16,0 12.0 CO o 16.0 14,0 24,S 4 ,S-5 ,5 (3 ,4 -8 ,0 )

f o r s k e l l e  i N H 4+- i n d h o I d c t  ( s e  o g s å  s e n e r e ) .  D a  
g c n f i n d e ! s e s p r o c e n t e n  v e d  m å l i n g e r n e  e r  74  p c t . ,  
e r  d e  m å l t e  v æ r d i e r  j u s t e r e t  m e d  e n  f a k t o r  100/74  
(■»)•

A m m o n i a k f o r d a m p n i n g e n  e f t e r  h e n h o l d s v i s  
12 t i m e r  o g  2 4  t i m e r  b l e v  a n a l y s e r e t  m e d  p r o c e ­
d u r e  r e g r e s s i o n  i S t a t i s t i c a l  A n a l y s i s  S y s t e m  
( S A S ) .  D e t  b l e v  u n d e r s ø g t ,  o m  d e r  v a r  s a m m e n ­
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h æ n g  m e l lem  N H , - f o r d a m p n i n g e n ,  d e n  g e n n e m ­
s n i t l ig e  j o r d t e m p e r a t u r ,  l u f t t e m p e r a t u r ,  h y d r o -  
g c n i o n k o n c c n t r a t i o n  o g  t ø r s t o f i n d h o l d .  F o r  s a m ­
m e n h æ n g e n  m e l l e m  N H , - f o r d a m p n i n g e n  e f t e r  
24  t i m e r  og  h y d r o g e n i o n k o n e e n t r a t i o n e n  v a r  k o r ­
r e l a t i o n e n  r =  0 , 2 .  F o r  d e  ø v r i g e  v a r  d e n  l i n e æ r e  
k o r r e l a t i o n  l a v e re .

V e d  p r æ s e n t a t i o n  a f j o r d -  o g  l u f t t e m p e r a t u r  b e ­
n y t t e s  e t  g e n n e m s n i t  a f  m å l i n g e r  i d e  f i r e  t u n n e ­
l e r .  ide t  s p r e d n i n g e n  i t e m p e r a t u r e n  m e l l e m  t u n -  
n e l l e r n e  var u b e t y d e l i g e  ( C . V .  <  5  p c t . ) .  1 d e  f o r ­
s o g .  h v o r  de r  ik k e  b l e v  l a g r e t  k l i m a d a t a ,  e r  b e n y t ­
te t  g e n n e m s n i t l i g e  d ø g n v æ r d i e r  m å l t  p å  A s k o v  
k l im a s t a t i o n .

Resultater og diskussion
D e  a tm o s fæ r i s k e  N H , - k o n c e n t r a t i o n e r  v a r i e r e d e  
m e l l e m  0.2/^g N H 3- N / m 3 o g  14 ,0  /j.g  N H 3- N / m 3 
( f ig .  1). K o n c e n t r a t i o n e r n e  e r  i o v e r e n s s t e m ­
m e l s e  m e d  t i d l i g e r e  m å l i n g e r  ( 4 ) .

N H j - f o r d a m p n i n g e n  e r  s o m  f ø l g e  a f  d e  k e m i ­
s k e  p ro c e ss e r  l i g e f r e m  p r o p o r t i o n a l  m e d  i n d h o l ­
d e t  a f  N H /  i g y l l e n .  V e d  a n v e n d e l s e  a f  m a s s e b a ­
l a n c e m å l in g e r  f a n d t  B r u n k e  e ia l .  ( 2 ) ,  a t  d e r  v a r e n  
l in e ;c r  s a m m e n h æ n g  m e l l e m  N H 4+ - i n d h o l d e t  i 
g y l l e  o g  N H j - f o r d a m p n i n g e n .  V e d  a t  p r æ s e n t e r e  
N H y f o r d a m p n i n g e n  i p r o c e n t  a f  N H 4+ - i n d h o l d e t  
k a n  forske l l ige  f o r s ø g  d e r f o r  s a m m e n l i g n e s  u d e n  
h e n s y n t a g e n  til e v e n t u e l l e  f o r s k e l l e  i N H 4+- i n d -  
h o l d .

I for- ■.. ,c a e g y n d t  d .  8 . ,  d .  14. o g  d . ' 3 0 .  o k t o -  
o e r  19S6 b lev  N H 3- f o r d a m p n i n g c n  f r a  s a m m e  
t y p e  gylle  u n d e r s ø g t .  F o r s k e l l e n  p å  r e s u l t a t e r n e  
f r a  m å l in g e rn e  i d e  t r e  f o r s ø g  v a r  l i l le  ( f ig .  2 A ) .  
D e  s m å  fo r sk e l le  i f o r l ø b e t  a f  N H 3- f o r d a m p n i n -  
g e n  o v e r  tid s k y l d e s  f o r m e n t l i g  f o r s k e l l e  i l u f t t e m ­
p e r a t u r e n ,  d e r  v e d  f o r s ø g e n e s  s t a r t  v a r  8 -1 0 ° C  f o r  
d e r e f t e r  at vise f o r s k e l l e  o v e r  d ø g n e n e  f o r  d e  t r e  
p e r io d e r .

G y l l e n s  p H
1 fig .  3 e r  N H 3- t a b c t  a f s a t  s o m  f u n k t i o n  a f  h y d r o -  
g e n i o n k o n c e n t r a t i o n e n  i g y l l e .  D e n  n e g a t i v e  l o ­
g a r i t m e  til h y d r o g e n i o n k o n e e n t r a t i o n e n  e r  g y l ­
l e n s  p H .  Ved f a l d e n d e  h y d r o g c n i o n k o n c c n t r a -  
t i o n  ( s t ig e n d e  p H )  ø g e s  N H 3- f o r d a m p n i n g e n .  I 
d e n n e  u n d e r s ø g e l s e  v i s e r  f o r d a m p n i n g e n  e f t e r  24  
t i m e r  r inge  s a m m e n h æ n g  m e d  h y d r o g e n i o n k o n -  
c e n t r a t i o n c n  ( r  =  0 ,2 ) ,  h v i l k e t  m å  s k y l d e s  a n d r e  
f a k t o r e r s  in d f l y d e l s e  p å  f o r d a m p n i n g e n .  M u l i g ­
v is  s k e r  d e r  e f t e r  u d b r i n g n i n g e n  e n  æ n d r i n g  i g y l ­
l e n s  p H  so m  fø lg e  a f  f o r d a m p n i n g  a f  f l y g t ig e  s y r e r

o g  o m s æ t n i n g  a f  f e d t s y r e r ,  s å l e d e s  a t  m å l i n g  a f  
g y l le n s  p H  f o r u d  f o r  u d b r i n g n i n g  i k k e  e r  r e p r æ ­
s e n t a t i v  f o r  p H  i d e n  u d b r a g t e  g y l l e .

F o r s ø g e n e  m e d  d e  f o r s k e l l i g e  g y l l c t y p e r  e r  g e n ­
n e m f ø r t  p å  fo r s k e l l i g e  t i d e r  a f  å r e t .  T e m p e r a t u r ­
f o r s k e l l e  h a r  d e r f o r  h a f t  i n d f l y d e l s e  p å  d e n  r i n g e  
k o r r e l a t i o n  m e l l e m  N H , - f o r d a m p n i n g  o g  h v d r o -  
g e n i o n k o n c e n t r a t i o n .  N H , - t a b e n e  e f t e r  24  t i m e r  
v a r i e r e d e  s å l e d e s  f r a  7  p c t .  til 4 8  p c t .  a f  N H 4+ - in d -  
h o l d c t  i g y l l e ,  d e r  h a v d e  p H  7 . 5  s v a r e n d e  til e n  hy- 
d r o g e n i o n k o n c e n t r a t i o n  p å  0 ,3 1  x  I0 ' 7 ( f ig .  3 ) .  
D e  s to r e  t a b  p å  4S  p c t .  a f  N H 4+ - i n d h o l d e t  f a n d t  
s t e d  ved  t e m p e r a t u r e r  p å  o m k r i n g  16°C o g  f r a  e n  
g y l le  m e d  e t  t ø r s t o f i n d h o l d  p å  3,1 p c t .  D e  l a v e s t e  
t a b  p å  8 -  10 p c t .  a f  N H 4+- i n d h o I d e t  i g y l l e  f a n d t  
s t e d  ved  t e m p e r a t u r e r  p å  o m k r i n g  4 ° C  o g  f r a  e n  
gy l le  m e d  e t  t ø r s t o f i n d h o l d  p å  5 , 6  p c t .

V ed  p H  lave re  e n d  7 . 0  v i l  k u n  få  p r o m i l l e  a f  
N H 4* - in d h o l d e t  f i n d e s  s o m  N H , .  D e r f o r  vil N H ., -  
f o r d a m p n i n g s h a s t i g h c d e n  v æ r e  lav, n å r  g y l l e n s  
p H  e r  u n d e r  d e t t e  n i v e a u .  F o r  g y l l e  m e d  p H  6 , 4 ,  
h e n h o ld s v i s  6 .S , b l e v  d e r  s å l e d e s  o g s å  f u n d e t  r e l a ­
t iv  lav N H , - f o r d a m p n i n g  ( f i g .  2 B ) .

F ig .  2 C  v is e r  N H , - f o r d a m p n i n g e n  f r a  g y l le  m e d  
p H  7 .4 o g  e t lav i  t ø r s t o f i n d h o l d  ( 0 , 7  p c t . ) ,  o g  fra  
t o  t y p e r  g y l le  m e d  p H  6 ,S -  6 , 9  o g  t o  til t r e  g a n g e  
h ø j e r e  t ø r s t o f i n d h o l d .  N H , - f o r d a m p n i n g e n  e r t o -  
t r c  g a n g e  s t o r r e  f ra  g y l l e n  m e d  d e t  h ø j e  p H .  u a n ­
s e t  a t  e t  lav t  t ø r s t o f i n d h o l d  a l t  a n d e t  l ige  vil b e ­
g r æ n s e  N H , - t a b e t .

F ig .  4 v i s e r  d e n  g e n n e m s n i t l i g e ,  a k k u m u l e r e d e  
N H . , - f o r d a m p n i n g  f r a  g y l l e  m e d  p H  i i n t e r v a l ­
l e r n e  6 ,4  - 7 . 0 . 7 , F - 7 , 4  o g  7 , 5 - 7 , 7 .  D a  d e  a f s a t t e  
v æ r d i e r  e r  g e n n e m s n i t  a f  a l l e  f o r s ø g ,  e r  s p r e d n i n ­
g e n  s to r ,  h v i lk e t  t i l s k r i v e s  v e k s e l v i r k n i n g  m e d  
b l . a .  t e m p e r a t u r  o g  t ø r s t o f i n d h o l d .  D e t  f r e m g å r  
i m i d l e r t i d ,  a t N H , - f o r d a m p n i n g e n  c r  v æ s e n t l i g  
l a v e re  f ra  gylle  m e d  la v t  p H  e n d  f r a  g y l l e  m e d  h ø j t  
p H ,  o g  a t  d e n  r e l a t i v e  f o r s k e l  p å  f o r d a m p n i n g e n  
e r  a f  s a m m e  s t ø r r e l s e s o r d e n  6  o g  145 t i m e r  e f t e r  
u d b r i n g n i n g .

T e m p e r a t u r
V e d  s t i g e n d e  t e m p e r a t u r  ø g e s  h a s t i g h e d e n  a f  d e  
p r o c e s s e r ,  d e r  h a r  i n d f l y d e l s e  p å  f o r d a m p n i n g e n  
a f  N H , ,  h v o r f o r  f o r d a m p n i n g e n  s t i g e r  v e d  s t i ­
g e n d e  t e m p e r a t u r e r .  A f  l i g n i n g e r n e ,  d e r  b e s k r i ­
v e r  p r o c e s s e r n e ,  f r e m g å r  d e t ,  a t  f o r d a m p n i n g e n  
s t i g e r  k r a f t i g t  v e d  t e m p e r a t u r e r  o m k r i n g  17°C
( 7 ) .  E n d v i d e r e  u d t ø r r c s  g y l l e n  h u r t i g e r e  v e d  h ø j e  
t e m p e r a t u r e r ,  h v i lk e t  m e d f ø r e r  e t  ø g e t  N H 4+ - t a b  
f r a  gy l len  (15 o g  11).
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Fig. 3 A k k u m u le re t  a m m o n ia k ia b  fra sv inegy lle  (30  I 
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I ra tio n  (H * )
C um ula ted  loss o f  a m m o n ia  fr o n t p ig  slurry  (3 0 1 p e r  ha) 

related to the concentration o f  the hydrogen  ion (H * ).

M å l i n g e r n e  a f  N H j - f o r d a m p n i n g e n  f a n d t  s t e d  
ved  t e m p e r a t u r e r  m e l l e m  - 2 ° C  o g  16°C, o g  d e t  
b l e v  d e r f o r  u n d e r s ø g t ,  o m  f o r d a m p n i n g  i d e t t e  i n ­
te rv a l  s t e g  l i n e æ r t  m e d  t e m p e r a t u r e n .  N H r fo r -  
d a m p n i n g e n  e f t e r  12 t i m e r  o g  e f t e r  2 4  t i m e r  v a r  
h v e r k e n  k o r r e l e r e t  m e d  lu f t -  e l l e r  j o r d t e m p e r a t u ­
r e n ,  h v i l k e t  m å  s k y l d e s  e f f e k t e r  a f  t ø r s t o f i n d h o l d  
o g  p H ,  s a m t  v e k s e l v i r k n i n g  n i c l l e m  d i s s e  o g  t e m ­
p e r a t u r e n .  V e k s e l v i r k n i n g e n  vil  b l iv e  e k s e m p l i f i ­
c e r e t  i d e t  f ø l g e n d e .

I d e  t r e  f o r s ø g  u d f ø r t  m e l l e m  d .  8 . o k t o b e r  o g  
d .  4 .  n o v e m b e r  I9S6 ( f ig .  2 A )  v a r  f o r s k e l l e n  p å  
g e n n e m s n i t s t e m p e r a t u r e n  i d e  e n k e l t e  f o r s ø g s p e ­
r i o d e r  3 - 4 ° C .  D e t t e  m e d f ø r t e  i k k e  e n  f o r s k e l  i f o r ­
d a m p n i n g e n  i d e  t r e  f o r s ø g ,  h v o r  s a m m e  g ø d ­
n i n g s t y p e r  b l e v  b e n y t t e t .

N H 3- f0 r d a m p n i n g e n  f r a  s a m m e  g y l l c t y p e  v a r  
t o - t r e  g a n g e  s t ø r r e  (f ig .  2 D )  v e d  c a .  d o b b e l t  s å  
h ø j e  t e m p e r a t u r e r  i f o r s ø g  b e g y n d t  d .  25 .  n o v e m ­
b e r  s o m  i f o r s ø g e t  s t a r t e t  d .  18. n o v e m b e r  I9S 6 .  
Ved d e n  h ø j e  t e m p e r a t u r  v a r  N H , - t a b e t  f r a  g y l le

m e d  p H  7 , 7  o g  1,2 p c t .  t o r s t o f  s tø r r e  e n d  f r a  g y l l e  
m e d  p H  6 , 9  o g  t ø r s t o f i n d h o l d  p å  4 ,4  p c t .  D e n n e  
f o r s k e l  f a n d t e s  i k k e  v e d  lave t e m p e r a t u r e r .  H e r  
v a r  t a b e n e  a f  s a m m e  s t ø r r e l s e  u a n s e t  f o r s k e l l e  i 
p H  o g  t ø r s t o f i n d h o l d .

V e d  t e m p e r a t u r e r  u n d e r  0 °C  v a r N H , - f o r d a m p -  
n i n g e n  I10j ( f ig .  5 A )  s a m m e n l i g n e t  m e d  f o r d a m p ­
n i n g e n  f r a  e n  t i l s v a r e n d e  gyl le  ved  t e m p e r a t u r e r  
l ig e  o v e r  f r y s e p u n k t e t .  I f ro s tv e j r  v a r  N H j - f o r -  
d a m p n i n g e n  e f t e r  2 4  t i m e r  p å  n iv e a u  m e d  f o r ­
d a m p n i n g e n  o m  s o m m e r e n .  Å r s a g e n  h e r t i l  e r  
m u l i g v i s ,  a t  N H . /  i k k e  k a n  sive  ned  i d e n  f r o s n e  
j o r d  o g  d e r f o r  i k k e  a d s o r b e r e s .  L a n g s o m  d a n ­
n e l s e  a f  is i g y l l e n  k a n  e n d v i d e r e  m e d f ø r e  e n  o p ­
k o n c e n t r e r i n g  a f  s a l t e  i d e n  ik k e  f r o s n e  f r a k t i o n .  
D e t t e  vil f r e m m e  N H 3- f0 r d a m p n i n g e n  f r a  d e n  u d r  
b r a g t e  g y l le  ( 11) .

D e r  k a n  s å l e d e s  f i n d e  e t  b e ty d e l ig t  N H , - t a b  
s t e d  i f r o s tv e j r .  S e l v o m  N H j - f o r d a m p n i n g s h a s t i g -  
h c d e n  v a r  l a v  v e d  d e  la v e  t e m p e r a t u r e r ,  b l e v  d e t  
a k k u m u l e r e d e  t a b  e f t e r  s ek s  d ø g n  b e t y d e l i g t .
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Fig. 4. G en n em sn itlig t a k k u m u le re t  a m m o n ia k ta b  fra 
sv inegy lle  (30 t pr. h a ) m ed  pH  i in te rv a lle r  6 .6 -7 .0 .

7 .1 -7 ,4  og  7 .5 -7 .7 .
Average ainiiilaicci loss o f  a m m o n ia  fr o m  p ig  slurry (3 0 1 
pur liu) with p H  in the im crvuh  6 .6 -7 .0 , 7.1-7.-4 und  7 .5 -  

7.7.

T h o m p s o n  et al. ( I S )  f a n d t ,  a t  d e r  i l ø b e t  a f  12 
d ø g n  f o r d a m p e d e  74 p c t .  a f  N H 4+- i n d h o l d c t  f r a  
g y l le  u d b r a g t  i f r o s t v e j r  o g  4S  p c t .  a f  g y l l e n s  
N H / ' i n d h o l d  v e d  u d b r i n g n i n g  o m  f o r å r e t .

I fig .  6  e r  g e n n e m s n i t t e t  a f  d e n  a k k u m m u l e -  
r c d e  N H i - f o r d a m p n i n g  i t e m p e r a t u r i n t e r v a l l e r n e  
- 2 , 0 ° C  — — 1,2°C , 3 , 4 ° C  -  6 , 9 ' C  o g  7 , 0 ° C  -  16 ,0°C  
a f b i l d e t .  D e n  s t o r e  s p r e d n i n g  s k y l d e s  e f f e k t e n  a f  
f o r s k e l l e  i p H  o g  t ø r s t o f i n d h o l d  a f  d e  a n v e n d t e  
g y l l e t y p e r .  V ed  t e m p e r a t u r e r  o m k r i n g  0 ° C ,  h v o r  
j o r d e n  h a r  v æ r e t  f r o s s e n ,  f i n d e r  s o m  n æ v n t  d e  
s t ø r s t e  t a b  s t e d ,  i d e t  t a b e n e  d o g  in d l e d n i n g s v i s  c r  
l a v e re  e n d  i f o r s ø g e n e  v e d  7 ° C  til 16°C, f o r m e n t l i g  
s o m  fø lg e  a f  d e n  l a n g s o m m e r e  h a s t i g h e d  a f  d e  k e ­
m i s k e  p r o c e s s e r  v e d  la v e  t e m p e r a t u r e r .  V e d  t e m ­
p e r a t u r e r  fra  3 , 4 ° C  til 6 , 9 ° C  s e s  d e  la v e s te  t a b .  
V e d  d i s s e  t e m p e r a t u r e r  k a n  g y l l e n s  f l y d e n d e  f r a k ­
t i o n  s ive  n e d  i j o r d e n ,  o g  f o r d a m p n i n g s h a s t i g h e -  
d e n  e r  r in g e .

T o r s t o f i n d h o l d
Pain  c t  al. (1 6 )  f a n d t ,  a t  N H 3- f o r d a m p n i n g e n  v a r  
3 - 5  g a n g e  s t ø r r e  f r a  g y l le  m e d  c t  t ø r s t o f i n d h o l d  
p å  14 -  IS  p c t .  s a m m e n l i g n e t  m e d  g y l le  m e d  4 , 6  -
4 , 7  p c t .  t ø r s t o f .  D e t t e  b e k r æ f t e s  a f  n æ r v æ r e n d e  
u n d e r s ø g e l s e ,  i d e t  N H 3-f0 r d a m p n i n g e n  e r  2 - 3  
g a n g e  s t ø r r e  f r a  e n  g y l le  m e d  7 , 4  p c t .  t ø r s t o f  e n d  
f r a  g y l le  m e d  e t  t ø r s t o f i n d h o l d  p å  3 , 2  p c t .  ( f ig .  
5 B ) .  D e  t o  g y l l e t y p e r  h a v d e  s a m m e  p H  o g  b l e v  
u d b r a g t  v e d  s a m m e  t e m p e r a t u r .  G y l l e n  m e d  h ø j t  
t ø r s t o f i n d h o l d  b l e v  u d b r a g t  p å  g r æ s ,  o g  g y l l e n  
m e d  l a v t  t ø r s t o f i n d h o l d  b l e v  u d b r a g t  p å  e n  s t u b ­

m a r k .
V e k s e l v i r k n i n g e n  m e l l e m  t ø r s t o f i n d h o l d  o g  p H  

f r e m g å r  a f  r e s u l t a t e r  v is t  i f ig .  2 D .  F o r d a m p n i n ­
g e n  a f  N H ,  f r a  gy l le  m e d  4 , 4  p c t .  t ø r s t o f  o g  p H  6 . 9  
v a r  i d e t t e  f o r s ø g  a f  s a m m e  s t ø r r e l s e s o r d e n  s o m  
f r a  g y l l e  m e d  p H  7 ,7  o g  e t  t ø r s t o f i n d h o l d  p å  1.2 
p c t .  P å  t r o d s  a f  a t  p H  v a r  e n  e n h e d  l a v e r e  o g
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C u m u la ted  loss o f  a m m o n ia  fr o m  p ig  s lurry  (JO t p e r  ha).
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Fig. 6 . G e n n em s n i t l ig  a kkum ule re !  amm oniakfordan ip-  
ning fra svinegyl le  (30 I pr. ha )udb rag t  i per ioder ,  hvor 
g e n n em sn i t s t e m p e ra tu re n  var  i intervallerne 

- 2 . 0 ' C -  - 1.2°C .3 .4°C-6 .9CC og 7 'C -1 6 'C .  
Average e u m u lu ted  lus s u f  u in inu iuu  fru in  p ig  s h in y  (3 0 1 
pr. ha I sp read  in perio d s  with average temperatures within 
the in terva l o f -  2 .0 ’C  -  - 1 . 2 'C .  3 . 4 'C - 6 .9 ‘C and 7°C -  

I6°C.

l i y d r o g e n i o i i k o n c e n t r u t i o i i c n  d e r f o r  10 g a n g e  h o -  
, je re  i f ø r s tn æ v n te  g y l l e ,  h a r  d e t  la v e  t ø r s t o f i n d ­

h o l d  b e g ræ n s e t  d e n  h ø j e  f o r d a m p n i n g  e t  h ø j t  p H  
e l l e r s  k a n  m e d f o r e .

Å r s a g e n  til, a t  N H , - f o r d a m p n i n g e n  e r  s t o r  v e d  
h ø j e  t ø r s t o f i n d h o l d  e r  f o r m e n t l i g ,  a t  n e d s i v n i n ­
g e n  a f  N H j ' 1, i j o r d e n  b l i v e r  h æ m m e t .  I j o r d e n  f a s t ­
h o l d e s  N H / ,  h v o r v e d  N H , - f o r d a m p n i n g e n  
m i n d s k e s .  N å r  g y l l e n s  N H /  f o r b l i v e r  p å  o v e r f l a ­
d e n  a f j o r d  og  p l a n t e r ,  vi l f o r d a m p n i n g e n  a f  v a n d  
m e d f o r e  en  o p k o n c e n t r e r i n g  a f  N H / ,  h v o r v e d  
f o r d a m p n i n g e n  a f  N H ,  f r e m m e s .  D o n o v a n  o g  
L o g a n  (6 ) v is te ,  a t  d e n n e  e f f e k t  i s æ r  e r  m a r k a n t ,  
n å r  gyl le  u d b r i n g e s  p å  v e g e t a t i o n e n ,  i d e t  p a r t i k ­
l e r n e  k læ b e r  til b l a d e n e s  o v e r f l a d e ,  h v o r f r a  f o r ­
d a m p n i n g e n  a f  N H j  f i n d e r  s t e d .

I fig. 7 e r  d e n  g e n n e m s n i t l i g e  a k k u m l e r e d e  
N H , - f o r d a m p n i n g  f r a  g y l le  m e d  t ø r s t o f i n d h o l d  i 
i n t e r v a l l e r n e  0 ,7  -  3 . S  p c t .  o g  4 , 4  -  7 , 9  p c t .  a f b i l ­
d e t .  N H j - f o r d a m p n i n g e n  e r  l a v e s t  f r a  g y l l e  m e d  
la v t  t ø r s t o f i n d h o l d ,  m e n  s p r e d n i n g e n  e r  s to r .  V e d  
h ø j t  t ø r s t o f i n d h o l d  e r  s p r e d n i n g e n  m i n d r e ,  f o r d i  
e f f e k t e r  o g  v e k s e l v i r k n i n g  a f  p H  o g  t e m p e r a t u r

f o r m o d e n t l i g  o v e r s k y g g e s  a f  d e t  h ø j e  t ø r s t o f i n d ­
h o l d .

V a n d i n g
V e d  v a n d i n g  e l l e r  v e d  n e d b ø r  k a n  i n d h o l d e t  a f  

N H /  i g y l le  v a s k e s  n e d  i j o r d e n ,  h v o r  N H /  a d -  
s o b c r e s .  F o r t y n d i n g  s o m  fø lg e  a f  v a n d i n g  m e d f ø ­
r e r  e n d v i d e r e  i s ig  s e lv  e n  m i n d s k e t  N H 3- f o r -  

d a m p n i n g .
N H , - f o r d a m p n i n g e n  f r a  gy l le  m e d  l a v t  t ø r s t o f ­

i n d h o l d  ( 1,0 p c t . )  p å v i r k c d c s  i k k e  v e d  v a n d i n g .  
N å r  g y l l e n s  t ø r s t o f i n d h o l d  v a r  0 , 7  til 1 ,0  p c t . ,  o g  
d e r  b l e v  v a n d e t  n i c d  5 m m ,  v a r  N H , - t a b e t  o v e r  
s e k s  d ø g n  m e l l e m  5 o g  10 p c t .  a f  g y l l e n s  N H / -  
i n d h o l d .

T i l f ø r s e l  a f  s t i g e n d e  m æ n g d e r  g y l le
V e d  t i l f ø r s e l  a f  s t i g e n d e  m æ n g d e r  g y l l e  p r .  h a  v a r  
d e t  r e l a t i v e  N H , - t a b  s t o r t  s e t  e n s  e f t e r  u d b r i n g ­
n i n g  a f  o p  til 60  t g y l l e  p r .  h a  ( f ig .  5 C ) .  V e d  u d ­
b r i n g n i n g  a f  90  t g y l l e  p r .  h a  v a r  d e t  p r o c c n t i s k e  
N H , - t a b  2 - 6  d ø g n  e f t e r  u d b r i n g n i n g e n  l a v e r e  e n d  
v e d  u d b r i n g n i n g  a f  3 0  o g 6 0 t  g y l le  p r .  h a  ( f ig .  5 C ) .
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Fig . 7 .  G e n n e m s n itl ig t  a k k u m u le re t  a m m o n ia k fo r-  
d a m p n iiig  fra  sv inegy lle  (30 t pr. ha) m ed  to rs to f in d -  

h o ld  i in te rv a lle r  0 ,7 -3 ,S  p c t. og  4 ,4 -7 .9  pc t.
A verage cu m u la ted  loss o f  a m m o n ia  fr o m  pit; slurry  ( 3 0 1 
pr. h a ) w ith  a cun tcn t o f  d ry  m ailer within ihn intervals  

0 .7 -3 .S%  a n d  4 .4 -7 .9 % .

I d e  f o r s t e  t o  d o g n  v a r  d e r  i n g e n  m å l e l i g  f o r s k e l  i 
d e t  r e l a t i v e  N H , - t a b  f r a  g y l l e m æ n g d e r  p å  m e l l e m  
10 o g  9 0  t p r .  h a .

I d e  h e r  g e n n e m f ø r t e  f o r s ø g  v a r  t ø r s t o f i n d h o l ­
d e t  4 , 5  p c t .  o g  5 , 6  p c t .  V e d  s t i g e n d e  t ø r s t o f i n d ­
h o ld  t i l b a g e h o l d e s  N H 4+ i h ø j e r e  g r a d  i g y l l e n  p å  
o v e r f l a d e n  a f  j o r d  o g  p l a n t e r .  V e d  u d b r i n g n i n g  a f  
gy l le  m e d  lav t  t ø r s t o f i n d h o l d  m å  d e t  a n t a g e s ,  a t  
d e t  r e la t iv e  N H , - t a b  vil v i r e  m i n d r e  v e d  t i l f ø r s e l  
a f  s t o r e  g y l l e m æ n g d e r ,  i d e t  e n  s t ø r r e  d e l  a f  N H / -  
i n d h o l d e t  vil k u n n e  s ive  n e d  i j o r d e n .  H o f f  e t al. 
(10)  f a n d t ,  a t  d e n  r e l a t i v e  N H , - f o r d a m p n i n g  f ra  
sv in e g y l le  i l o b e t  a f  3 1/2 d ø g n  v a r  Ca. 10 p c t .  l a ­
v e re  v e d  t i l f ø r s e l  a f  130 o g  ISO t p r .  h a  e n d  v e d  t i l ­
fø r se l  a f  9 0 1 p r .  h a .  I e n  s e n e r e  u n d e r s ø g e l s e  o v e r  
syv  d ø g n  f a n d t e s  i k k e  s i g n i f i k a n t  f o r s k e l  p å  d e t  r e ­
la t ive  N H 3- t a b  v e d  s t i g e n d e  t i l f ø r s e l  a f  g y l l e .

V ed  u d b r i n g n i n g  a f  35  t o g  2 0 0  t f a s t  h u s d y r g ø d ­
n in g  p r .  h a  f a n d t  L a u e r e t  a l. ( 1 1 ) ,  a t  d e r  v e d  d e n  
lave  d o s e r i n g  f o r d a m p e d e  e n  s t ø r r e  d e l  a f  N H 4+- 
in d h o l d e t  e n d  v e d  d e n  h ø j e .  N e d s i v n i n g e n  a f  
N H 4+ v a r  u b e t y d e l i g  v e d  d e n  l a v e  d o s e r i n g ,  m e n s  
n e d s i v n i n g  a f  N H 4+ a n d r o g  1 5 - 2 5  p c t .  v e d  h ø j  d o ­

s e r i n g ,  h v i l k e t  m e d v i r k e d e  til b e g r æ n s n i n g e n  a f  
N H j - f o r d a n i p n i n g e n .

O v e r f l a d e n s  in d f ly d e ls e  p å  N H j - f o r d a m p n i n g e n
1 d e t  g r æ n s e l a g ,  d e r  d a n n e s  u m i d d e l b a r t  o v e r  g y l ­
l e o v e r f l a d e n ,  vil d e n  a t m o s f æ r i s k e  k o n c e n t r a t i o n  
a f  N H ,  v æ r e  h ø j .  G r æ n s e l a g e t s  s t ø r r e l s e  o g  t r a n s ­
p o r t e n  a f  N H 3 v a ;k  f r a  g y l l e o v c r f l a d e n  e r  a f h æ n ­
g ig  a f  o v e r f l a d e n s  a e r o d y n a m i s k e  r u h e d  ( 1 7 ) ,  t u r ­
b u l e n s  o g  v i n d h a s t i g h e d  ( 19). Ved lave v i n d h a s t i g ­
h e d e r  vil g r æ n s e l a g e t  v æ r e  b e ty d e l ig t  o g  N H 3- 
t r a n s p o r t e n  b e g r æ n s e t  a f  d i f f u s i o n s p r o c e s s e n  i 
g r æ n s e l a g e t .  T r a n s p o r t e n  a f  N H ,  s t i g e r  v e d  s t i ­
g e n d e  v i n d h a s t i g h e d e r  ( 9  o g  S) in d t i l  e t  n i v e a u ,  
h v o r e f t e r  g r æ n s e l a g e t  e r  u d e n  b e t y d n i n g  f o r  h a ­
s t i g h e d e n  a f  N H , - f o r d a m p n i n g e n  (1 9 ) .  E n d v i ­
d e r e  ø g e s  u d t ø r r i n g e n  a f  g y l le  ved  s t i g e n d e  v i n d ­
h a s t i g h e d e r ,  h v i l k e t  o g s å  f r e m m e r  N H 3- f o r d a m p -  
n i n g .

V e d  j o r d o v e r f l a d e n  v i l  v i n d h a s t i g h e d e n  i e n  
k o r n -  e l l e r  s t u b m a r k  v æ r e  lav e re  e n d  o v e r  b a r  
j o r d .  h v o r f o r  g r æ n s e l a g s m o d s t a n d e n  m å  f o r m o ­
d e s  a t  v æ r e  s t ø r r e  e n d  o v e r  b a r  j o r d .  D e t  v a r  d c r -
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f o r  nt f o r v e n t e ,  u t  N H y f o r d a m p n i n g e n  v i l le  v æ re  
m in d r e  v e d  u d b r i n g n i n g  a f  g y l le  p å  j o r d e n  i e n  
k o r n -  e l l e r  s t u b m a r k  e n d  p å  b a r  j o r d  a l t  a n d e t  
lige.

D e  i fig 5 A  v i s t e  f o r s k e l l e  i N H , - t a b  f r a  f r æ s e t  
o g  u b e h a n d l e t  s t u b  k a n  i m i d l e r t i d ,  s o m  t id l i g e r e  
a n f o r t ,  h o v e d s a g e l i g t  t i l s k r i v e s  f o r s k e l l e  i t e m p e ­
r a tu r e n .  I u n d e r s ø g e l s e r n e  n o v e m b e r - d e c e m b e r  
1987 f a n d te s  d e r  i k k e  b e t y d e n d e  f o r s k e l l e  m e l l e m  
d e  to  j o r d b e h a n d l i n g e r .  D e n  m a n g l e n d e  e f f e k t  
k a n  s k y ld e s ,  a t  v i n d h a s t i g h e d e n  i a l le  d e  h e r  g e n ­
n e m f o r t e  f o r s ø g  h a r  v æ r e t  s å  h o j  ( i n d s t i l l e t  v in d -  
h a s t i g h e d > 4 . 0  m / s ,  t a b e l  2 ) ,  a t  g r æ n s e l a g e t s  b e ­
s k a f f e n h e d  h a r  v æ r e t  u d e n  v æ s e n t l i g  b e t y d n i n g  
f o r  f o r d a m p n i n g s h a s t i g h c d e n .  E v e n t u e l t  h a r  
f ræsn ing  a f j o r d e n  b e v i r k e t  e n  s t ø r r e  n e d s i v n i n g s ­
h a s t i g h e d  f o r  g y l l e n s  i n d h o l d  a f  a m m o n i u m .

1 e t f o r s ø g  b l e v  g y l l e n  u d l a g t  p å  j o r d e n  i e n  10 
c m  hoj m a j s m a r k  ( f ig .  5 D ) ,  v i n d t u n n e l e n  v a r  p l a ­
c e r e t  p a r a l l e l t  m e d  m a j s r æ k k e n .  F o r d a m p n i n g e n  

v a r  a f  s a m m e  s t ø r r e l s e  s o m  f r a  g y l le  u d s p r e d t  i
10 cm hoj r u g .  M a j s p l a n t e r n e  h a r  v e d  d e n n e  o p ­
s ti ll ing ik k e  g iv e t  læ .  h v o r f o r  v i n d h a s t i g h e d e n  h a r  
v ;c rc t  hoj  h e n  o v e r  g y l l e n .  G r æ n s e l a g s m o d s t a n -  
d c n  h a r  s å l e d e s  n æ p p e  h a f t  n æ v n e v æ r d i g  i n d f ly ­
d e l se  på  f o r d a m p n i n g h a s t i g h e d e n .

In d f ly d e l s e n  a f  a f g r ø d e n s  h ø j d e  p å  N H , - f o r -  
d a m p n i n g e n  f r a  N H 4+ - h o I d i g  h a n d e l s g ø d n i n g  i 
a f g r ø d e n  e r  p å v i s t  a f  D e n m e a d  e l al. ( 5 ) .  D e t  b le v

f u n d e t ,  a t  a m m o n i u k f o r d a m p n i n g c n  v e d  f u r e v a n -  
d i n g  m e d  N H 4+- b c r i g e t  v a n d  v a r  7 p c t .  i e n  
0 , 9  m  h o j  m a j s a f g r ø d e  o g  1 p c t .  i e n  2,1 m  h ø j  
m a j s a f g r ø d e .

Konklusion
H a l v d e l e n  a f  N H , - f o r d a m p n i n g e n  f r a  o v e r f l a d e -  
u d b r a g t  s v in e g y l l e  f a n d t  s t e d  i n d e n  f o r d e t  f ø r s t e  
1 - 1  1/2 d ø g n  e f t e r  u d b r i n g n i n g e n .  D e t  s a m m e  e r  
v is t  v e d  m a s s e b a l a n c e m å l i n g c r  ( 1) o g  v i n d t u n n e l -  
f o r s ø g  ( I S ) .  T a b e t  a f  N H ,  v a r i e r e r  m e d  t e m p e r a ­

t u r e n .  O m  s o m m e r e n  v e d  h ø j e  t e m p e r a t u r e r  vil 
h a l v d e l e n  a f  d e n  N H . , ,  d e r  f o r d a m p e r  i l ø b e t  a f  
s e k s  d ø g n ,  t a b e s  i n d e n  f o r  d e  f ø r s t e  IS  t i m e r  ( t a ­
b e l  3 ) .  O m  f o r å r e t  o g  e f t e r å r e t  v e d  l a v e r e  t e m p e ­
r a t u r e r  e r  h a l v d e l e n  a f  d e n  N H , .  d e r  f o r d a m p e r  i 
l o b e t  a f  s e k s  d ø g n ,  t a b t  i n d e n  f o r  3 6  t i m e r .

D e n  m å l t e  a k k u m u l e r e d e  N H , - f o r d a m p n i n g  
o v e r  s e k s  d ø g n  v a r  50  p c t .  a f  N H 4+- i n d h o i d e t ,  n å r  
g y l l e n  b l e v  u d b r a g t  p å  f r o s s e n  j o r d .  T i l s v a r e n d e  
h ø j e  t a b  b l e v  f u n d e t  v e d  t e m p e r a t u r e r  o v e r  13 °C  
o m  s o m m e r e n .  D e  l a v e s t e  t a b  b l e v  m å l t  v e d  t e m ­
p e r a t u r e r  m e l l e m  0 ° C  o g  7°C .

N H , - f o r d a m p n i n g e n  f a l d e r  v e d  f a l d e n d e  p H .  
V e d  p H  6 ,4  o g  6 ,S v a r  d e n  a k k u m u l e r e d e  f o r ­
d a m p n i n g  e f t e r  s e k s  d ø g n  m i n d r e  e n d  12 p c t .  a f  
N H 4+- i n d h o l d e t  i g y l l e n .  T i l  s a m m e n l i g n i n g  v a ­
r i e r e d e  N H , - f o r d a m p n i n g e n  e f t e r  12 t i m e r  f r a  11

Tabel 3. A m m o n ia k ta b  fra gylle (30 t pr.  ha)  på jo rdoverf laden ,  udbragt ved t e m p e ra tu re r  fra 7 ,0 °C -1 6 ,0 'C  og  3 .4 -  
6,9°C. G en n em sn i t  a f  sam t l ige  forsog (n =  29).
Volatilization o f  a m m o n ia  (30 I p e r  ha j fr o m  surface-applied  s lurry  al tem peratures fro n t 7 .0 °C -16 .0°C  a n d  3 .4 °C -  
6.9°C. Average va lues o f  a ll e xperim en ts  (n =  29).

T e m p e r a t u r

3 .4°C -6 ,9°C  7 ,0°C-I6 .0°C

Tidsrum A m m o n ia k ta b ,  loss o f  am m onia  A m m o n ia k ta b ,  loss o f  a m m o n ia

Pct.*) CV Andel**) Pct.*) C V A nde l** )

6 timer./i 5 67 0,2 11 84 0.3
12 timer 7 61 0,3 16 79 0,5
IS timer 9 60 0,4 19 72 0,5
1 døgn ,d 10 55 0,4 22 66 0,6
1,5 dogn 13 52 0,5 24 61 0.7
2 dogn 14 51 0,6 27 59 0,8
6 døgn 23 37 1,0 35 53 1,0

*) Amnioniuklub i pct.  a f  an im on ium indho lde t  i gylle.
A m m onia  luss, p e r  cent u f  a dded  am ntuniuni.

*°) Andel af a m m o n ia k ta b  i fo rhold  til del samlede tab a f  am m oniak  i 6 dogn.  
Part o f  the c m n u la le d  loss during  6 days.
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pc t .  til 31 p c t .  a f  N H / - i n d h o l d e t  f r a  e n  g y l le  m e d  
p H  7 .7 .

F r a  gy l le  m e d  l a v t  t ø r s t o f i n d h o l d  e r  a m m o n i a k -  
f o r d a m p n i n g e n  r i n g e .  S å l e d e s  e r  a m m o n i a k f o r -  
d a m p n i n g e n  s e lv  v e d  p H  s t ö r r e  e n d  7 , 5  lav  f r a  
gy lle  m e d  t ø r s t o f i n d h o l d  l a v e r e  e n d  1,5 p c t .  I v a n ­
d in g s f o r s ø g e n e  b l e v  e n  t y n d  g y l le  a n v e n d t ,  d e r f o r  
v a r  d e r  e n  b e g r æ n s e t  r e d u k t i o n  i N H , - f o r d a n i p -  
n in g e n  v e d  v a n d i n g .

D e t  e r  v is t .  a t  N H , - f o r d a m p n i n g e n  v e d  n e d ­
f æ ld n in g  m i n d s k e s  til m i n d r e  e n d  2  p c t .  a f  N H 4+- 
i n d h o l d c t  (10 o g  IS ) .  U d b r i n g e s  g y l l e  o m  f o r å r e t ,  
vil n e d b r i n g n i n g  i l ø b e t  a f  d e t  f ø r s t e  d ø g n  d e r f o r  
b e g r æ n s e  N H  -,- t a b e t  til m e l l e m  5 o g  15 p c t .  a f  g y l ­
l e n s  N H / - i n d h o l d .  U d b r i n g e s  g y l l e n  o m  s o m m e ­
r e n ,  s k a l  d e n  n e d f æ l d e s  e l l e r  n e d b r i n g e s  u m i d d e l ­
b a r t  e f t e r  u d b r i n g n i n g ,  h v i s  N H , - f o r d a m p n i n g e n  
ø n s k e s  b e g r æ n s e t  til e t  t i l s v a r e n d e  n i v e a u .

I d e  h e r  g e n n e m f ø r t e  u n d e r s ø g e l s e r  v a r  fo r -  
s o g s a r e a l e r n e  a f s k æ r m e t  m o d  n e d b ø r  i f o r s ø g s p e ­
r i o d e n .  D e  o p n å e d e  r e s u l t a t e r  r e l a t e r e r  d e r f o r  til 
f o r d a m p n i n g  f r a  g y l l e ,  d e r  h e n l i g g e r  p å  j o r d ­
o v e r f l a d e n  u n d e r  u d t ø r r e n d e  f o r h o l d .  T a b e t  a f  
a m m o n i a k  f r a  g y l l e  vil v æ r e  l a v e r e ,  s å f r e m t  d e n  
u d s æ t t e s  f o r  s t ø r r e  m æ n g d e r  n e d b ø r .

Erkendtlighed
U n d e r s ø g e l s e r n e  e r  g e n n e m f ø r t  m e d  ø k o n o m i s k  
s t ø t t e  f r a  M i l j ø s t y r e l s e n s  N P O - f o r s k n i n g s p r o -  
g r a m .
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i viden XI.

Ammoniakfordampning fra 
svinegylle på nykalket jord

Ved fordampning af ammoniak 
fra husdyrgødning tabes kvæ l­
stof på plantetilgænge!ig form, 
der skal erstattes ved tilførsel af 
handelsgødning.

I forbindelse med tilførsel af 
jordbrugskalk forud for såning 
af såvel vårsæd som vintersæd 
udbringes undertiden gylle på

den nykalkede jord inden pløj­
ning. Ved  kalkning øges jordens 
pH. Størrelsen og hastigheden 
af am m oniakfordam pn ing  fra 
gylle a fhæ nger b landt m ange 
faktorer af pH. V irkn ingen af 
samtidig kalkning og gylletilførsel 
i praksis er ikke undersøgt. Først 
på efteråret blev der derfor gen ­

nemført 4 forsøg m ed gylle på 
nykalket jord og 2 forsøg med 
gylle på ukalket jord. Der blev 
bragt svinegylle og jordbrugskalk 
ud i m ængder svarende til hen ­
holdsvis 30 t/ha og 5 t/ha. For­
dampningen af am m oniak blev 
undersøgt med et vindtunnelsy- 
stem (forsidebilledet).

Forsøgene viste, at der fra 
ukalket jord fordam pede 19-25 
pct. af det udbragte am m onium
i løbet af 6 døgn (tabel 1). A m ­
m oniakfordam pningen ■øgedes 
med 21-28 pct. af denne væ rdi, 
hvis gyllen blev bragt ud på nykal­
ket jord. I perioder m ed m indst 
risiko for fordam pning af a m ­
moniak er virkningen af kalk 
mindst.

Ved udbringning af gylle på 
nykalket jord øges således tabet 
af p iantetilgængeligt kvæ lstof.

TABEL 1. Samlet ammoniaktab efter 6 timer, 12 timer, 1 dogn og 6 døgn fra 
svinegylle bragt ud på nykalket og ukalket jord.

Antal timer 
eller degn 
efter 

. forsøgsstart

Periode A
29. august 4. september '

Pe riod eB
5. * 11. september

. *

Ammoniaktab, pct Ammoniaktab, pct.
a f udbragt ammonium af udbragt ammonium v

Ukalkfct Nykalket Stigning Ukalket j Nykalket ■ Stigning.
jord jord som følge jord i jord * som følge

I af kalk i afkalk

• 6 timer 9
I
j 12 33

i
7 i 9 29

12 timer 11 I 15 36 10 12 20
1 døgn 14 21 50 13 i 17 30
6 døgn 25 ! 32 28 19 ! 23 21

Forsidebilledet:

Bestemmelse af 
ammoniakfordampning
Ammoniakfordampning fra gylle 
bragt ud på jordoverfladen bestem­
mes med et vindtunne!system. 
Gødningen udlægges på et 2 m x

0,5 m forsøgsareal, der er dækket 
af en lysgennemtrængelig U-for- 
met tunnel. I forlængelse af tunne­
len findes et metalrør med en regu­
lerbar ventilator, der suger luft 
gennem tunnelen med en forud 
bestemt vindhastighed. Efter venti­
latoren måles luftens indhold af

ammoniak. Det målte indhold træk­
kes fra indholdet af ammoniak målt
i en tunnel, hvor der ikke er bragt 
gylle ud. Ved at gange det herved 
fremkomne indhold af ammoniak 
med luftmængden, der passerer 
tunnelen i det givne tidsrum, kan 
ammoniakfordampningen beregnes.
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grøn viaen

Denne praksis kan derfor ikke 
anbefales, m edm indre gyllen 
nedbringes um iddelbart efter 
udspredningen. I øvrigt har gyl­
len tilført før såning af vintersæd 
en m eget lille gødningsvirkning, 
og tilførsel a f gylle på dette tids­
punkt kan ikke anbefales.

Klimaforhold
Forsøgene blev gennem ført ved 
vindhastigheder 2,7-3,0 m/s. 
Tem peraturen varierede mellem 
12°C og 15 °C  i tunnelen. Som  
gennemsnit var lufttemperaturen 
18°C, og den  relative fugtighed 
77-87 pct. på klimastationen på 
afdelingen i Askov.

Ammoniak­
fordampning
Fordampningen af ammoniak var 
stor de første et til to døgn efter 
gylleudbringning, for derpå at 
aftage betydeligt (fig. 1). Dette 
er i overensstem m else med tidli­
gere undersøgelser, der viste, at 
halvdelen af amm oniakfordamp­
ningen fandt sted inden for dette 
tidsrum. I periode A  var for­
dam pningen større end i forsø-

Forsøgsplan
Forsøgssted: Afdeling for Planteernæring og -fysiologi, Askov. 
Pløjet og harvet.
Jordtype: JB 4
Vandindhold i jord: Periode A, 15,7 pct.

Periode B, 13,5 pct.

Tidspunkt for forsøg
Periode A: 29. august - 4. september 1989,

2 forsøg på nykalket jord
1 forsøg på ukalket jord

Periode B: 5. september - 11. september 1989,
2 forsøg på nykalket jord 
1 forsøg på ukalket jord

Gylle og kalk
Svinegylle: Mængde 30 t/ha

pH 7,6
Total-N 0,52 pct.
NH/-N 0,37 pct.
Tørstof 3,82 pct.

Jordbrugskalk: Mængde 5 t/ha 
Sigteanalyse: 
c0,2mm: 17 pct.
0,2-0,5 mm: 11 pct.
0,5-2,0 mm: 24 pct.
>2,0 mm: 48 pct.

Klimaforhold målt ved klimastation oa i tunnelen, døanqennemsnit.
' .-V .

■*. Forsøgs*. V';£— 
vJ p e r io d é v y .

t ••”i'-Ti' V

' Dagfra ' 
;uforsøgsstårt

i-) tunnelen - Klimastation'- J ?

Tempe-;’V- 
’ ratur .“ v : ; hastighed ;js!jg. 

. m/s’ v p , j 3 « « s f M f e å ?

, tu fM l, i,g V - -

• « i
LvSCt/-:'-. . .

i 2,9 12 77
.’i" /  • 2 2,9 15 85

1-6 2,9 13 81

' B ;#■■■ ■; 1 13 3,0 14 87
2 14 2,9 15 84
1-6 15 2,7 14 85
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et fra perioden B. Dagen før 
:arten af forsøgene i periode A 
ildt 4 m m  nedbør, mens det i 
en efterfølgende periode B, ikke 
avde regnet 4 dage før forsø- 
ets start. Et højt vandindhold i 
irden kan begrænse nedsiv- 
ingen af am monium  fra gyllen 
I jorden  og dermed frem m e 
etingelserne for ammoniak- 
)rdam pningen. Luftens relati- 
5 fug tighed  var lavere de før- 
:e 2 døgn  i periode A  end i 
eriode B, hvilket også kan frem- 
le am m oniakfordam pningen. 
Efter de to  første døgn var 

m m oniakfordam pningen fra 
ylle udbragt på nykalket jord 
1 pct. og 28 pct. større end fra 
kalket jord (fig. 1). Herefter var 
er ikke forskel i fordam pningen 
a nykalket og ukalket jord, 
vilket ses af, at kurverne i fig. 1 
)rløber parallelt. I periode B var 
x ske llen  på am m oniakfor- 
am pningen fra gylle på nykal- 
et og ukalket jord mindre end i 
eriode A . Dette tyder på, at i 
erioder, hvor der er gunstige 
etingelser for ammoniakfor- 
am pning, vil virkningen af 
3mtidig tilførsel af gylle og kalk 
sere størst.

Fig. 1. Fordampning a f  am m oniak fra svinegylle (30 Uha) bragt ud  på n yka lke t (5 t/ha) 
og ukalket jord.
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S taten s P lan teav lsforsøg  B eretn in g  nr. 209 0
L a n d b r u g s c e n tr e t
A fd e l in g  f o r  P la n ie e r n æ r in g  o g  - fy s io lo g i,  A s k o v  

6 6 0 0  Vejen

Ammoniakfordampning fra fast husdyrgødning samt 
ubehandlet, afgasset og filtreret gylle efter overflade­
udbringning, nedfældning, nedharvning og vanding

Ammonia volatilization from  solid manure and raw, fermented 
and separated slurry after surface application, injection, incorporation 
into the soil and irrigation

S V E N  G . S O M M E R  o g  B E N T T . C H R IS T E N S E N

R esum é
A m m o n i a k f o r d a m p n i n g  f r a  u b e h a n d l e t  h ø n s e - ,  
k v æ g -  o g  s v i n e g y l l e ,  v æ s k e -  o g  f i b e r f r a k t i o n  a f  
m e k a n i s k  f i l t r e r e t  g y l l e ,  a f g a s s e t  g y l le  f r a  b i o g a s ­
a n l æ g ,  s a m t  f a s t  k v æ g -  o g  s v i n e g ø d n i n g  b l e v  b e ­
s t e m t  m e d  e t  v i n d t u n n e l s y s t e m .  F o r  f a s t  g ø d n i n g  
b l e v  v i r k n i n g e n  a f  n e d h a r v n i n g  o g  v a n d i n g  u n d e r ­
s ø g t ,  m e n s  b e t y d n i n g e n  a f  d i r e k t e  n e d f æ l d n i n g  
b l e v  b e l y s t  f o r  gy l le .

U b e h a n d l e t  o g  a f g a s s e t  gy l le  g a v  a n l e d n i n g  til 
a m m o n i a k f o r d a m p n i n g  a f  s a m m e  s t ø r r e l s e .  A m ­
m o n i a k t a b e t  f r a  v æ s k e f r a k t i o n e n  a f  u b e h a n d l e t  
o g  a f g a s s e t  g y l l e  v a r  l i g e l e d e s  a f  s a m m e  s t ø r r e l s e ,  
f o r m e n t l i g  f o r d i  g y l l e n s  p H  o g  t ø r s t o f i n d h o l d  
i k k e  æ n d r e d e s  v e d  a f g a s n i n g e n .

I n d e n  f o r  s a m m e  g ø d n i n g s k a t e g o r i  ( fx  g y l l e ,  
f a s t  g ø d n i n g  o g  a j l e )  k a n  a m m o n i a k t a b e t  g e n e r e l t  
s e t  f o r u d s i g e s  u d  f r a  k e n d s k a b  til t ø r s t o f i n d h o l d ,  
p H  o g  k l i m a f o r h o l d .

F r a  v æ s k e f r a k t i o n e n  (0 , 9  p c t .  T S )  v a r  a m m o n i ­
a k t a b e t  e f t e r  6  d o g n  m i n d r e  e n d  23 p c t .  a f  a m m o ­
n i u m i n d h o l d e t .  F r a  f i b e r f r a k t i o n e n  ( 2 2  p c t .  T S )  
f o r d a m p e d e  m e r e  e n d  66  p c t .  I  p e r i o d e r  m e d

f r o s t  ø g e d e s  t a b e t  a f  a m m o n i a k  f r a  f i b e r f r a k t i ­
o n e n ,  m e n  i k k e  f r a  v æ s k e f r a k t i o n e n .  V e d  t i l f ø r s e l  
a f  s t i g e n d e  m æ n g d e r  f i b e r f r a k t i o n  f o r d a m p e d e  
e n  s t i g e n d e  a n d e l  a f  d e n  u d b r a g t e  a m m o n i u m .

N e d f æ l d n i n g  i t ø r  j o r d  b e g r æ n s e d e  a m m o n i a k ­
t a b e t  e f t e r  6 d ø g n  ti l u n d e r  17 p c t .  a f  a m m o n i ­
u m i n d h o l d e t ,  h v o r i m o d  f o r d a m p n i n g e n  e f t e r  
n e d f æ l d n i n g  i j o r d  m e d  h ø j t  v a n d i n d h o l d  v a r  c a .  
5 0  p c t .  N e d h a r v n i n g  a f  f a s t  s v i n e g ø d n i n g  m i n d ­
s k e d e  a m m o n i a k t a b e t  t i l  3 9  o g  93  p c t .  a f  t a b e t  f r a  
g ø d n i n g  p å  j o r d o v e r f l a d e n .

V a n d i n g  m e d  5 o g  10 m m  i f o r b i n d e l s e  m e d  u d ­
b r i n g n i n g  a f  fa s t  s v i n e g ø d n i n g  o g  e f t e r  1, 2  o g  3 
d ø g n  b e g r æ n s e d e  a m m o n i a k t a b e t .  I d e  f ø r s t e  2 
d ø g n  h a v d e  v a n d i n g  m e d  4  x  10 m m  s t ø r s t  e f f e k t ,  
m e n  h e r e f t e r  ø g e d e s  t a b s h a s t i g h e d e n .  E f t e r  6 
d ø g n  f a n d t e s  s a m m e  t a b  ved  d e  t o  v a n d i n g s n i ­
v e a u e r .

I v i n d t u n n e l e n  e r  f o r s ø g s a r e a l e r n e  a f s k æ r m e t  
m o d  n e d b ø r ,  a m m o n i a k t a b e t  b e s t e m m e s  d e r f o r  
u n d e r  u d t ø r r e n d e  f o r h o l d .  T a b e t  a f  a m m o n i a k  vil  
v æ r e  l a v e r e ,  s å f r e m t  d e n  u d b r a g t e  g ø d n i n g  u d s æ t ­
t e s  f o r  n e d b ø r .

N ø g leo rd : A m m o n ia k fo rd a m p n in g , v in d tu n n e ls y s te m , gy lle , fast g ø d n in g , b e h a n d le t  gylle, n e d b r in g n in g , v a n ­
d ing , ned fæ ldn ing .
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Summary
A  w i n d  t u n n e l  s y s t e m  w a s  u s e d  t o  d e t e r m i n e  t h e  
a m m o n i a  v o la t i l i z a t i o n  lo s s  f r o m  s u r f a c e  a p p l i e d  
a n d  i n c o r p o r a t e d  a n i m a l  m a n u r e ,  a n d  f r o m  i n ­
j e c t e d  slurry. T h e  a m m o n i a  lo s s  f r o m  s o l i d  m a ­
n u r e ,  c a t t l e ,  p ig  a n d  p o u l t r y  s lu r r y ,  f e r m e n t e d  
s lu r ry ,  a n d  th e  l i q u i d  a n d  f i b r o u s  f r a c t i o n  o f  
m e c h a n i c a l l y  s e p a r a t e d  s l u r r y  w a s  e x a m i n e d .

F e r m e n t a t i o n  o f  s l u r r y  h a d  n o  e f f e c t  o n  t h e  a m ­
m o n i a  lo s s  fo l l o w i n g  l a n d s p r e a d i n g .  T h e  lo s s  
f r o m  t h e  l iqu id  f r a c t i o n  o f  f e r m e n t e d  s l u r r y  d i d  
n o t  d i f f e r  f r o m  t h a t  o f  t h e  l i q u i d  f r a c t i o n  o f  u n ­
t r e a t e d  s lu rry ,  p r o b a b l y  r e f l e c t i n g  t h a t  f e r m e n t a ­
t i o n  d id  n o t  c h a n g e  s l u r r y  p H  a n d  d r y  m a t t e r  c o n ­
t e n t .

W i t h i n  t h e  s a m e  c a t e g o r y  o f  m a n u r e  ( e .  g .  s l u r ­
r i e s ,  f a r m y a r d  m a n u r e  o r  u r i n e ) ,  t h e  l o s s  o f  a m ­
m o n i a  m a y  b e  p r e d i c t e d  f r o m  d r y  m a t t e r  c o n t e n t ,  
p H  a n d  c l im a t ic  c o n d i t i o n s .

A f t e r  s ix  days  t h e  a m m o n i a  lo s s  f r o m  t h e  l i q u i d  
f r a c t i o n  (0 .9  p e r  c e n t  D M )  w a s  l e s s  t h a n  2 3  p e r  
c e n t  o f  t h e  a p p l i e d  a m m o n i u m .  F r o m  t h e  f i b r o u s  
f r a c t i o n  (22  p e r  c e n t  D M )  m o r e  t h a n  66  p e r  c e n t  
o f  t h e  a p p l i e d  a m m o n i u m  w a s  l o s t .  A t  t e m p e r a ­

t u r e s  b e l o w  0 ° C  a m m o n i a  lo s s  i n c r e a s e d  f r o m  t h e  
f i b r o u s  f r a c t i o n  b u t  n o t  f r o m  t h e  l i q u i d  f r a c t i o n .  
T h e  p r o p o r t i o n  o f  a m m o n i a  l o s t  f r o m  SO a n d  120 
t / h a  o f  f i b r o u s  f r a c t i o n  l e f t  o n  t h e  so i l  s u r f a c e  w a s  
h i g h e r  t h a n  f r o m  40 t p e r  h a .

I n j e c t i o n  i n t o  a  d r y  s o i l  r e d u c e d  t h e  a m m o n i a  
lo s s  t o  l e s s  t h a n  17 p e r  c e n t  o f  t h e  a p p l i e d  a m ­
m o n i u m ,  w h e r e a s  5 0  p e r  c e n t  o f  t h e  i n j e c t e d  a m ­
m o n i u m  w a s  los t w h e n  t h e  s o i l  w»as w e t .  S h a l l o w  
i n c o r p o r a t i o n  o f  p ig  m a n u r e  b y  h a r r o w i n g  r e ­
d u c e d  a m m o n i a  loss  t o  3 9  a n d  93  p e r  c e n t  o f  t h e  
lo s s  f r o m  m a n u r e  le f t  o n  t h e  s o i l  s u r f a c e .

I r r i g a t i o n  a t  5 a n d  10 m m  a t  a p p l i c a t i o n  o f  p i g  
s o l i d  m a n u r e  a n d  a f t e r  1, 2 a n d  3 d a y s  r e d u c e d  t h e  
a m m o n i a  lo s s .  I r r i g a t i o n  a t  10 m m  h a d  g r e a t e s t  e f ­
f e c t  d u r i n g  t h e  fi rst  t w o  d a y s ,  t h e r e a f t e r  t h e  r a t e  
o f  a m m o n i a  loss  i n c r e a s e d .  A f t e r  s ix  d a y s  o f  e x p o ­
s u r e  t h e  a m m o n i a  lo s s  d i d  n o t  d i f f e r  b e t w e e n  t h e  
t w o  t r e a t m e n t s .

I n  t h e  w i n d  t u n n e l s  t h e  e x p e r i m e n t a l  a r e a  is 
p r o t e c t e d  a g a i n s t  r a i n  a n d  t h e  e x p e r i m e n t s  a r e  
r u n  u n d e r  d r y i n g  c o n d i t i o n s .  T h e  lo s s  o f  a m m o n i a  
w i l l  b e  l o w e r  if  t h e  m a n u r e  is  e x p o s e d  t o  p r e c i p i t a ­
t i o n .

K ey w ords: V olatilization  o f a m m o n ia , w in d  tu n n e l  sy s te m , an im al slurry, solid m a n u re , t r e a te d  slurry , in c o rp o ra ­
t io n , irriga tion , in jec tion .

Indledning
A m m o n i a k f o r d a m p n i n g  f r a  h u s d y r g ø d n i n g  m i n d ­
s k e r  g ø d n i n g s v æ r d i e n  o g  m e d f ø r e r  e n  u ø n s k e t  p å ­
v i r k n i n g  a f  m i l jø e t .  T a b e t  a f  a m m o n i a k  f r a  g y l l e  
p å  j o r d o v e r f l a d e n  u d g ø r  o f t e  m e r e  e n d  5 0  p c t .  a f  
d e t  u d b r a g t e  a m m o n i u m  (13 ) .  I d e n  f ø r s t e  t i m e  e f ­
t e r  u d b r i n g n i n a  a f  gv l le  e r  d e r  m å l t  t a b  p å  12,1 k g  
N H 3- N p r “h a ( 8 ).

D e n  s tad ig t  s t i g e n d e  o p m æ r k s o m h e d  o m k r i n g  
e n  m e r e  o p t i m a l  a n v e n d e l s e  a f  s p e c i e l t  g y l l e  h a r  
b l a n d t  a n d e t  m e d f ø r t  i n t e r e s s e  f o r  a t  f o r a r b e j d e  
g y l l e n ,  i n d e n  d e n  a n v e n d e s  s o m  g ø d n i n g  p å  m a r ­
k e r n e .  S å le d e s  a n v e n d e s  g y l le  s o m  g r u n d l a g  f o r  
b i o g a s f r e m s t i l l i n g .  G y l l e n s  s t o r e  v a n d i n d h o l d  h a r  
m e d f ø r t  in t e r e s s e  f o r  a t  s e p a r e r e  g y l l e  i e n  f i b e r ­
r i g  f r a k t i o n ,  d e r  k a n  h å n d t e r e s  s o m  f a s t  g ø d n i n g ,  
o g  e n  t y n d t f l y d e n d e  o g  m e r e  h o m o g e n  v æ s k e f r a k ­
t i o n ,  d e r  e r  l e t t e r e  a t  h å n d t e r e  e n d  u b e h a n d l e t  
g y l l e  ( l e t t e r e  d o s e r b a r ,  m i n d r e  t i l s t o p n i n g s r i s i k o  i 
u d b r i n g n i n g s u d s t y r ) .

D e t  e r  ik k e  m u l ig t  a t  f o r u d s e ,  h v i l k e  n y e  b e ­

h a n d l i n g s f o r m e r  f o r  h u s d y r g ø d n i n g ,  d e r  v i l  b l i v e  
u d v i k l e t .  D e t  e r  d e r f o r  v i g t ig t  a t  ø g e  k e n d s k a b e t  
ti l d e  f a k t o r e r  i g ø d n i n g e n ,  d e r  h a r  s t ø r s t  b e t y d ­
n i n g  f o r  a m m o n i a k t a b e t .  D e r v e d  k a n  b e h o v e t  f o r  
s u p p l e r e n d e  u n d e r s ø g e l s e r  i f o r b i n d e l s e  m e d  n y e  
t y p e r  a f  b e h a n d l e t  g v l le  m i n d s k e s .

G y l l e n s  a m m o n i u m i n d h o l d ,  p H  o g  t ø r s t o f i n d ­
h o l d  e r  a f  s t o r  b e t y d n i n g  f o r  a m m o n i a k t a b e t  f r a  
gy l le  ( 3 ,  11. 12). A m m o n i a k t a b e t  f r a  a f g a s s e t  g y l ­
l e ,  f i b e r -  o g  v æ s k e f r a k t i o n e n  a f  g y l le  o g  f r a  f a s t  
g ø d n i n g  b l e v  d e r f o r  u n d e r s ø g t  i r e l a t i o n  ti l g ø d ­
n i n g s t y p e n ,  d e n s  p H  o g  t ø r s t o f i n d h o l d  s a m t  k l i ­
m a f o r h o l d .

M aterialer og m etoder
B e stem m else  af am m on iak fordam p n in g
F o r d a m p n i n g e n  a f  a m m o n i a k  b l e v  b e s t e m t  v e d  
h j æ l p  a f  e t  v i n d t u n n e l s y s t e m  s o m  t i d l i g e r e  b e ­
s k r e v e t  a f  C hris tensen  o g  S o m m e r  ( 4 ) .  V e d  d e n n e  
m e t o d e  b e s t e m m e s  a m m o n i a k i n d h o l d e t  i d e n
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Tabel 1. Kemisk sammensætning og mængde af den anvendte gødning, behandlinger, jordbundstyper og overflade af for*
sø g sa rea le t.
C hem ica l com position  a n d  am o u n t o f  a d d ed  m anure, treatm ents, so il type  a nd  surface  o f  experim ental area.

nr. Forsøgs­ Gødning, Manure Behandling Jord­ Overflade

no. periode Treatments type Soitsurface
Experiment T y p e " ) Mængde Total-N N H / - ) pH Tørstof Soil
period type t/ha pct. pct. pH pct. type

amount Total-N N H t * Dry
itha % % matter %

1. 1987 Svg 30 0,27 0,18 6,4 3,3 Overflade JB 5 Græs 5 cm, grass 5 cm
09.04-15.04 Svg 30 0.68 0,56 7,4 4,4 - JB 5 - - - - -

Hg 25 0,80 0,61 6.9 9,5 - JB 5 -  - - - - -

2. 1987 Kg 30 0,44 0,25 7.8 7.5 Nedfældet JB 5 Græs efter slæt, cut grass
02.05-0s.06 Kg 30 0,44 0.25 7.8 7,5 - JB 5

Kg 30 0,44 0.25 7.8 7,5 - JB 5

3. 1987 Overflade
15.09-21.09 Svf 30 0,92 0,56 7.7 20.4 -  5 m m '" ) JB 5 Stub, stubble

Svf 30 0.92 0.56 7,7 20,4 -  1 0 m m " ') JB 5 -

4. 1987 Svf 30 0,92 0,56 7.7 20,4 Nedharvet JB 5 Fræset stub, rotavated stubble
24.09-30.09 Svf 30 0,92 0,56 7,7 20,4 - JB 5 _

Svf 30 0,92 0,56 7.7 20,4 Overflade JB 5 Stub, stubble

5. 1987 Kf 30 0.37 0,11 7.8 19.8 Overflade JB 5 Fræset jord. rotavated soil
30.09-06.10 Kf 30 0.37 0.11 7,8 19,8 - JB 5 _

Kf 30 0.37 0,11 7,8 19,8 - JB 5 -  -  -

6. 1987 Kf 30 0.37 0,11 7,8 19.8 Overflade JB 5 Fræset jord, rotavedsoil
17.11-23.11 Kf 30 0.37 0.11 7.8 19,8 - JB 5 -

7. 19S8 Svev 30 0.55 0,50 7,9 2,1 Overflade JB 1 Rug <  10cm. Rye < l0 cm
09.03-15.03 Svgav 30 0.56 0.50 8,1 1,9 - JB 1 _ _

Svgav 30 0.56 0.50 8,1 1,9 - JB 1 -  -

8. 1988 Svgv 30 0.55 0.50 7,9 2,1 Overflade JB 1 Rug< 10cm ,R y e <  10cm
16.03-22.03 Svgv 30 0.55 0,50 7,9 2,1 - JB 1 _ _

Svgav 30 0.56 0.50 8,1 1,9 - JB 1 -  -

9. 1988 Svev 30 0.55 0.50 7,9 2,1 Overflade JB 1 Rug< 10cm, Rye < 10cm
23.03-29.03 Sveav 30 0.56 0.50 8,1 1,9 - JB 1 _ _

Svgav 30 0.56 0.50 8.1 1,9 - JB 1 -  -

10. 1988 Svgv 30 0.55 .0.50 7.9 2,1 Overflade JB 1 Rug <  20 cm. Rye < 20 cm
05.04-11.04 Svgv 30 0.55 0.50 7,9 2,1 - JB 1 _ _

Svgav 30 0.56 0.50 8,1 1,9 - JB 1 -  -

11. 1988 Svg 30 0.43 0.38 7.5 3.1 Overflade JB 1 Rug <  30 cm. Rye < 3 0  cm
17.05-23.05 Svea 30 0,44 0,37 7,8 2,7 - JB 1 _ _

Svga 30 0.44 0.37 7,8 2,7 - JB 1 -  -

12. 19S8 Svg 30 0,43 0,38 7,5 3,1 Overflade JB 1 Majs <  10cm, Mai:e < 10cm
25.05-31.05 Svg 30 0.43 0,38 7,5 3,1 - JB 1 _

Svga 30 0,44 0.37 7.8 2,7 - JB 1 -  -  -

13. 1988 Kaf 120 0.40 0,16 8,1 19,9 Overflade JB 1 Majs <  20 cm, M ai:e < 20 cm
31.05-06.06 Kef 80 0.40 0.16 8,1 19,9 - JB 1 _

Kgf 40 0,40 0.16 8,1 19.9 - JB 1 -  -  -

14. 198S Kg 30 0,45 0.26 7,9 8.2 Overflade JB 5 Græs <  5 cm. Grass < 5  cm
16.11-22.11 Svgv 30 0.29 0,23 7.5 1,1 - JB5 _

Svgf 30 0,46 0,20 8,6 19,6 - JB5 -  -  -
(fortsætter)
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Tabel 1. (F o rtsa t) .

nr. Forsogs- 
no. periode 

Experiment 
period

Godnina, Manure

Type**)
type

Mængde Total-N 
t/ha pct.
amount Total-N  
tlha %

NH 44*
pct.
N H S

PH
p H

Behandling Jord- Overflade
Treatments

Tørstof
pct.
Dry
maner %

tvpe
Soil
type

Soilsurface

15. 1988 Kg 30 0.45 0.26 7,9 8.2 Overflade JB5 G ræs <  5 cm. £ra js <  J  cm
23.11-29.11 Svgv 30 0.29 0.23 7.5 1,1 JB 5 _ _

Svgf 30 0,46 0,20 8,6 19,6 JB 5 -  -

16. 19S8 Kg 30 0.45 0.26 7.9 8,2 Overflade JB 5 G ræs <  5 cm. grass < 5 cm
14.12-20.12 Svgv 30 0,29 0.23 7,5 1,1 JB5 _ _

S Vill 30 0,46 0.20 8.6 19.6 JB5 -  -

17. 1989 Bga 40 0.61 0.37 7.2 8.1 Nedfældet JB5 B yg<  10 cm. Barley < 10cm
25.04-01.05 Bga 40 0,61 0,37 7,2 8,1 JB5 _ _

Bga 40 0.61 0.37 7.2 8,1 JB5 -  -

18. 1989 Bgf 30 0,49 0.16 7.0 22.0 Overflade JB5 B vg <  20 cm, Barley < 20 cm
31.05-06.06 Bsv 30 0,29 0,25 7.1 0.9 JB 5 _ _

Kg 30 0.44 0.26 7.5 6.5 JB5 -  -

19. 19S9 Bgf 30 0.49 0.16 7.0 22,0 Overflade JB5 Byg <  30 cm. Barley <  30 cm
07.06-13.06 Bgv 30 0.29 0.25 7.1 0.9 JB5 _ _

Kg 30 0.44 0.26 7.5 6.5 JB5 -  -

*) NHj* = (NH, + N IV )
**) Gødningstype : Ke : Kvægeylle Bgf Blandet gvlle, fiberfraktion

Kf : Fast Kvæggødning Bgv Blandet gylle, væskefraktion
Svf : Fast Svinegødning Bga : Blandet gylle, afgasset
Svg : Svinegylle Kcf Kvæggylle, fiberfraktion
Hg : Hønsegylle Svga : Svinegylle, afgasset

Svgv : Svinegylle, væskefraktion
Svgf : Svinecylle, fiberfraktion
Svgav : Svinegylle, afgasset væskefraktion

* '* ) Vandet efter udbringning samt 24. 48 og 72 tim er efter udbringning i alt tilført henholdsvis 20 og 40 mm.

lu f t ,  d e r  f o r l a d e r  d e t  g ø d e d e  a r e a l .  D e r  a n v e n d e s  
i a l t  f i re  v i n d t u n n e l e r ,  d e r  h v e r  d æ k k e r  e t  f o r s ø g s ­
a r e a l  p å  0.5 g a n g e  2 m .  É n  v i n d t u n n e l  b e n y t t e s  til 
b e s t e m m e l s e  a f  a m m o n i a k i n d h o l d e t  i l u f t e n  f r a  
e t  u b e h a n d l e t  a r e a l  ( r e f e r e n c e a r e a l ) ,  m e n s  d e  t r e  
ø v r i g e  a n v e n d e s  ti l m å l i n g  a f  f o r s ø g s b e h a n d l i n ­
g e r .

L u f t h a s t i g h e d e n  i v i n d t u n n e l e r n e  k a n  i n d s t i l l e s  
ti l f o r u d  f a s t l a g t e  n i v e a u e r .  I m å l e p e r i o d e n  (6 
d ø g n )  a f læ se s  a k t u e l  v i n d h a s t i g h e d  o g  l u f t t e m p e ­
r a t u r  i v i n d t u n n e l e r n e ,  o g  d i s s e  v æ r d i e r  l a g r e s  p å  
d a t a l o g g e r  s o m  t i m e m i d d e l v æ r d i e r .

A m m o n i a k k e n  i l u f t a f k a s t e t  f r a  v i n d t u n n e ­
l e r n e  o p s a m l e s  i e n  f o s f o r s y r e o p l ø s n i n g  o g  b e ­
s t e m m e s  . e f t e r f ø l g e n d e  v e d  s p e k t r o f o t o m e t r i  
( B e r t h e l o t  r e a k t i o n ) .  1 d e  t o  f ø r s t e  d ø g n  e f t e r  f o r ­
s ø g s s t a r t  o p s a m l e s  d e n  f o r d a m p e d e  a m m o n i a k  
o v e r  6 t im e r s  i n t e r v a l l e r ,  m e n s  d e r  d e  s i d s t e  f i r e  
d ø g n  o p s a m l e s  o v e r  24  t i m e r s  i n t e r v a l l e r .

D e  r e g i s t r e r e d e  a m m o n i a k t a b  k o r r i g e r e s  f o r  
a m m o n i a k t a b  f r a  r e f e r e n c e a r e a l  o g  f o r  g e n f i n d e l -  
s e s p r o c e n t (4 ) .

F o r d a m p n i n g e n  e r  o p g j o r t  s o m  a m m o n i a k  f o r ­
d a m p e t  i p r o c e n t  a f  u d b r a g t  a m m o n i u m .  D e r v e d  
m u l i g g ø r e s  e n  s a m m e n l i g n i n g  a f  a m m o n i a k t a b e t  
f r a  f o r s k e l l i g e  g ø d n i n g s t y p e r  u d e n  h e n s y n t a g e n  
t il  f o r s k e l l e  i a m m o n i u m i n d h o l d e t .

Forsøgsplan
T a b e l  1 g iv e r  e n  k a r a k t e r i s e r i n g  a f  d e  a n v e n d t e  
g ø d n i n g s t y p e r .  D e r  b l e v  b e n y t t e t  v æ s k e -  o g  f i b e r ­
f r a k t i o n e n  a f  m e k a n i s k  f i l t r e r e t  o g  a f g a s s e t  g y l le ,  
a f g a s s e t  g y l l e ,  h ø n s e g y l l e ,  k v æ g g y l l e  o g  s v i n e g y l ­
l e ,  s a m t  f a s t  k v æ g -  o g  s v i n e g ø d n i n g .  D e n  u d ­
b r a g t e  g ø d n i n g  h a v d e  p H  f r a  6 , 4  til 8 ,6 , t ø r s t o f  f r a  
0 , 9  til 22 p c t .  o g  f r a  0 , 2 7  til 0 , 9 2  p c t .  t o t a l - N .  A m ­
m o n i a k -  o g  a m m o n i u m i n d h o l d e t  ( h e r e f t e r  b e ­
n æ v n t  a m m o n i u m )  v a r i e r e d e  f r a  0,11 til 0 ,61  p c t .
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T abel 2. M iddelvæ rdi for lu fttem p e ra tu r i tu n n e l, vanddam psdefic it m ålt på k lim asta tio n , samt aflæst v in d h astig h ed  
i s tå lro re t (I p a ren tes  standardafv igelser).
A  i ̂ ru g e  air tem peralure during  experim ents, w a tervapour deficit m easured  at clim ate sta tion , and average o f  m easured  
w ind speed in steel duets (standard devia tion  in bracke ts).

nr. Forsøgs­ Luft tem p . °C V a n d d am p s V indhastighed A k k u m u le re t N H j tab, pct. a f N H /
no. periode A irtem p . °C d e fic it, m b ar m/s C um ula ted  N H j loss, p. c. o f N H 4*

Experim ent W atervapour W indspeed
period p ressure m is 6 tim e r 12tim er 6 d a se

d efic it, m b a r 6 hours 12 hours 6 days

1. 19S8 Svg 3,0 (1,0) 0 ,6 (0 ,5 ) 5,2 (0,2) 2.8 3.8 15,8
09.04-15.04 Sva 10,1 13.2 27.9

Hg 5.2 7.2 23,1

2. 19S7 Kg 10.3 (1 ,9) 2 ,3 (1 ,4 ) 4.6 (0 ,D 1.2 3.1 16.7
02.06-08.06 Kg 1,5 3.1 14.5

Kg 0.4 1.3 12.1

3. 19S7 Svf 10,3 (1 ,5) 2 ,0 (1 .3 ) 4.8 (0 ,5) 7.6 11.2 17.5
15.09-21.09 Svf 5.1 6.8 21.4

4. 19S7 Svf 7,7 (2 ,0) 1,8 (0 ,9 ) 5,1 (0,3) 4.8 8.1 17.S
24.09-30.09 Svf 7.3 11.9 42.2

Svf 11.0 16.3 45.4

5. 19S7 Kf 5.5 (3 .4) 2,5 (1 ,8 ) 5.0 (0.3) 31.0 31.0 42,4
30.09-06.10 Kf 30.2 30.2 48.0

Kf 22.7 22.7 45.2

6. 19S7 Kf 6.5 (1.S) 0,7 (0 .3 ) 5,5 (0.2) 6.2 22.5 30.0
17.11-23.11 Kf 15.1 21.4 44.0

7. 19SS Svgv 1,6* (1 .9) 0,S (0 ,5 ) 4,6 (0,3) 5.1 8.4 29.9
09.03-15.03 Svgav 5.9 10.3 26.2

Svgav 4.9 S.S 25.5

8. 19SS Svgv 2,0 (1 .1) 1,0 (0 ,6 ) 4,5 (0,2) 5.5 8,2

rifO

16.03-22.03 Svgv 6.5 9.0 32.6
Svgav 6.5 9.2 30.9

9. 19SS Svsv 2.7 (1 ,2) 0 ,7 (0 ,3 ) 4,7 (0 ,3) 4.1 7.2 18.7
23.03-29.03 Svgav 9.9 14.S 17.S

Svgav 8.0 12.0 25.2

10. 19SS Svgv 4,6* (3 .2) 2 ,0 d , 4 ) 4,6 (0 ,3) 12,2 15.6 48.4
05.04-11.04 Svgv 13,4 17.0 54,1

Svgav 17.6 23.3 46.1

11. 19SS Svg S ,l*  (2 .3) 2 ,7 (1 .3 ) 5.0 (0 ,3) 15.6 33.S 61,3
17.05-23.05 Svga 24.5 34.4 47,9

Svga 32.9 44.3 58.0

12. 19SS Svg 17,4 (0 ,2) 5 .8 (2 .7 ) 5,1 (0 ,3) 26.7 34.1 54.4
25.05-31.05 Svg 30,5 38.7 56.8

Svga 44.1 51.9 67.2

13. 19SS Kgf 11,9* (1 ,2) 2 ,2 (1 .1 ) 4.3 (0 ,1) 40,6 4S.1 72.6
31.05-06.06 Kgf 45,7 52.1 64,7

Kgf 25,1 26.9 33,1

(fo rtsæ tte r )
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Tabel 2. (Fortsat).

nr. Forsøgs­ L uft tem p . CC V a n d d am p s V indhastighed A k k u m u le re t N H ;ta b .p c t .  af N H 4+
no. periode A ir  tem p . “C d e fic it,  m b ar m /s C um ula ted  N H , loss. p. c. o f N H T

Experiment W atervapour W indspeed
period pressu re m /s 6 tim er 12 tim er 6 dage

d efic it, m bar 6 Itours 12 hours 6 days

14. 19S8 K a 3.2 (4 ,7 ) 0 ,7  (0 ,3) 3,3 (0,1) 16,8 16,S 47.3
16.11-22.11 Svov 3.8 5.2 15.6

Svgf 21,8 36.3 66,1

15. 1988 Ka 5.5 (1 ,6 ) 0 ,7  (0 ,3) 3.5 (0.2) 12,0 20.7 55 .S
23.11-29.11 S\'EV 3.1 4,7 18.1

Svgf 16,7 33,9 73.5

16, 1988 Ke 1.3 d , 8 ) 0 ,7  (0 ,5) 3,8 (0.2) 15.1 23.5 74,0
14.12-20.12 Svgv 2,1 3.1 10.3

Svgf 36.2 51.9 100.0

17. 1989 B ea 5,7 '* (1 ,9 ) 2 ,2  (1 ,4) 3,7 (0,1) 1,5 3.8 52.5
25.04-01.05 B sa 2.2 4.5 48,7

Bga 2,7 6.4 50.3

18. 1989 B2f 8,7 (2 ,0 ) 2 ,7  (1 ,6) 3,4 (0.1) 58.6 68,0 97,4
31.05-06.06 B sv 4.5 5,4 19,0

Kg 17.6 26.4 5 3 .S

19. 1989 B ev 11,4 (3 .5 ) 4 ,2  (2 ,6) 3,7 (0.1) 1,6 3.5 23.1
07.06-13.06 B sf 26,1 32,4 67.6

Kg 20.2 28.2 58.8

* Målt på k lim astation.

Sv inegy llen  e r  a f g a s s e t  i e t  a n a e r o b t .  f i k s e r e t  
b io f i l t e r  m e d  g e n n e m s n i t l i g  o p h o l d s t i d  p å  c a .  7 
d ø g n .  E n  g y l l e n e d f æ l d e r  m e d  a r b e j d s b r e d d e  p å  2 
m  s v a r e n d e  til f o r s o g s a r e a l e t s  l æ n g d e  b l e v  b e n y t ­
t e t  til n e d f æ l d n i n g  a f  g y l l e n  i 15 c m  d y b d e .

F o r s ø g e n e  b l e v  g e n n e m f ø r t  f r a  d .  9 .  a p r i l  1987 
til d .  13. jun i  1989.  D e r  b l e v  s o m  r e g e l  t i l f ø r t  g y l le  
s v a r e n d e  til 3 0 1 p r .  h a .  I f o r s ø g e t  m e d  h ø n s e g y l l e  
b l e v  d e r  t i l fø rt  m æ n g d e r  s v a r e n d e  t i l  2 5  t p r .  h a ,  
o g  i e t  fo r s ø g  m e d  f i b e r f r a k t i o n e n  a f  f i l t r e r e t  
k v æ ggy l le  t i l f ø r t e s  4 0 ,  8 0  o g  120 t p r .  h a .

G y l le n  b lev  u d b r a g t  p å  f r æ s e t  b a r  j o r d ,  f r æ s e t  
s t u b ,  u b e h a n d l e t  s t u b ,  g r æ s  e f t e r  s l æ t ,  s a m t  r u g ,  
m a j s  og  bvg i f o r s k e l l i g e  v æ k s t s t a d i e r .  F o r s ø g e n e  
b l e v  g e n n e m f ø r t  p å  J B 1  o g  J B 5 .  G y l l e n  b l e v i  s e k s  
f o r s ø g  n e d f æ ld e t  d i r e k t e ,  o g  f a s t  g ø d n i n g  b l e v  i t o  
f o r s ø g  n e d h a r v e t .  I t o  f o r s ø g  b l e v  d e r  v a n d e t  m e d  
h e n h o ld s v i s  5 e l l e r  10 m m  v a n d  0 ,  I ,  2  o g  3 d ø g n  
e f t e r  u d b r i n e n i n s  a f  f a s t  g ø d n i n g  s v a r e n d e  til i a l t  
20  o g  40 m m .

R esultater og diskussion
V i n d h a s t i g h e d e n  m å l t  i m e t a l r o r e t  v a r  i f o r s ø ­
g e n e  m e l l e m  3 ,3  o g  5 , 5  m / s  ( t a b e l  2 ) ,  o g  d e r  b l e v  
r e g i s t r e r e t  m i d d e l l u f t t e m p e r a t u r e r  f r a  1.3 til 
1 7 ,4 °C  o g  v a n d d a m p s d e f i c i t  f r a  0 , 6  til 5 , 8  m b a r .  
D e r  e r  b e n y t t e t  v a n d d a m p s d e f i c i t  b e s t e m t  f r a  m å ­
l i n g e r  p å  k l i m a s t a t i o n e n  p å  A s k o v  f o r s ø g s s t a t i o n .  
M å l i n g e r  a f  l u f t t e m p e r a t u r e n  p å  k l i m a s t a t i o n e n  
e r  b e n y t t e t  i d e  f o r s ø g ,  h v o r  d e r  i k k e  e r  m å l t  l u f t ­
t e m p e r a t u r  i v i n d t u n n e l e n .  D e t  e r  p å v i s t ,  a t  d e r  
e r  l i l le  f o r s k e l  p å  t e m p e r a t u r e n  m å l t  u d e n  f o r  o g  
i n d e  i v i n d t u n n e l e n  (9 ) .

F o r  g ø d n i n g  p å  j o r d o v e r f l a d e n  f a n d t e s  d e  s t ø r ­
s t e  a m m o n i a k t a b s h a s t i g h e d e r  i n d e n  f o r  d e t  
f ø r s t e  d ø g n  e f t e r  u d b r i n g n i n g e n ,  h v o r e f t e r  t a b s ­
h a s t i g h e d e n  m i n d s k e d e s .  S å l e d e s  u d g j o r d e  a m ­
m o n i a k t a b e t  i n d e n  f o r  d e t  f ø r s t e  d ø g n  t y p i s k  h a l v ­
d e l e n  a f  d e t  s a m l e d e  t a b  o v e r  6 d ø g n s  p e r i o d e n .  
D e t  s a m m e  m ø n s t e r  e r  f u n d e t  a f  Pain e l al. ( 8 ) o g  
T h o m p s e n  e t al. (13 ) .  D e  h ø j e  t a b  f r a  g y l le  i d e t
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f ø r s t e  d o g n  e f t e r  u d b r i n g n i n g e n  s k y l d e s  f o r m e n t ­
l ig ,  a t  d e r  i f o r b i n d e l s e  m e d  u d b r i n g n i n g e n  s k e r  
e n  p H  s t i g n in g  i g y l le n s  o v e r f l a d e  ( 1 0 ) .  E f t e r f ø l ­
g e n d e  f a l d e r  p H  s o m  fø lg e  a f  a m m o n i a k f o r d a m p ­
n i n g e n .  D e t t e  f a ld ,  s a m t  n e d s i v n i n g  a f  a m m o ­
n i u m  i j o r d e n  o g  u d t ø r r i n g  a f  g ø d n i n g e n  m e d  
s k o r p e d a n n e l s e  til fø lg e  m e d f ø r e r ,  a t  d e r  m e d  t i ­
d e n  s k e r  e n  r e d u k t i o n  i h a s t i g h e d e n  a f  a m m o n i a k ­
t a b e t  (10, 13).

Fast kvæ ggødning og h øn segy lle
A m m o n i a k t a b e t  f r a  f a s t  k v æ g g ø d n i n g  p å  j o r d ­
o v e r f l a d e n  v i s te  e t  e k s p o n e n t i e l t  f o r l ø b  s v a r e n d e  
til t a b e t  f r a  g y l le  (f ig .  1 A ) .  A f  d e n  t i l f ø r t e  a m m o ­
n i u m  f o r d a m p e d e  i g e n n e m s n i t  45  p c t .  i o k t o b e r  
o g  3 7  p c t .  i n o v e m b e r  1987 ( t a b e l  2 ) .  I s æ r  d e  f ø r s t e
6 t i m e r  e f t e r  u d b r i n g n i n g  v a r  a m m o n i a k f o r d a m p -

i 1 i ■ i 1 i 1— i ■ i----------- '---------------- 1----------------■---------------- r
o 24 48 72 96 120 144 168

Timer fra foreøgsstart

Fig. 1. A k k u m u le re t a m m o n ia k fo rd a m p n in g  fra  fast 
kvæ ggodning (30 t pr. h a ), sv inegy lle  (3 0  t p r. h a ) og 
hønsegylle  (25 t pr. h a ).'T S  =  tø rs to f .  L o d r e t te  p in d e  

angiver 1 s. d.
Cum ulated loss o f  am m onia  fr o m  so lid  cattle  m a n u re  (30 
t per ha), p ig  slurry (30 t p er ha) a nd  p o u ltr y  s lu rry  (25 t 

per ha). TS  = dry matter. Bars in d ica te  1 s. d.

n i n g e n  i n o v e m b e r  l a v e r e  e n d  i d e t  f o r u d g å e n d e  
f o r s ø g .  D a  d e r  i k k e  v a r  s t o r  fo rske l  p å  t e m p e r a t u ­
r e n  i d e  t o  f o r s ø g ,  e r  d e t  f o r m e n t l ig t  d e n  l a v e r e  
l u f t f u g t i g h e d  i o k t o b e r ,  d e r  h a r  m e d f ø r t  d e  s t ø r r e  
a m m o n i a k t a b  (10) .  M e d  v i n d t u n n e l m e t o d e n  e r  
d e r  m å l t  d o b b e l t  s å  s t o r e  t a b  af a m m o n i a k  i l ø b e t  
a f  s e k s  d ø g n  f r a  f i l t r e r e t  kvæ ggy l le  m e d  s a m m e  
p H  o g  j u s t e r e t  til s a m m e  tø r s t o f i n d h o l d  (12) .

A m m o n i a k t a b e t  f r a  h ø n s e g y l l e  b le v  s a m m e n ­
l i g n e t  m e d  t a b e t  f r a  t o  f o r s k e l l ig e  t y p e r  a f  s v i n e ­
g y l le  (f ig .  I B ) .  F r a  d e  t o  t y p e r  sv in eg y l le  v a r  a m ­
m o n i a k t a b e t  i l ø b e t  a f  6  d ø g n  fra  15,8 til 2 7 , 9  p c t .  
a f  d e n  u d b r a g t e  a m m o n i u m  ( ta b e l  2) .  A m m o n i ­
a k t a b e t  f r a  h ø n s e g v l l e n  v a r  på  e t  n iv e a u  m e l l e m  
t a b e t  f r a  d e  t o  t y p e r  s v in e g y l le .  D e t  l a v e s t e  t a b  
s t a m m e r  f r a  s v i n e g y l l e n  m e d  lavere  t ø r s t o f i n d ­
h o l d  o g  e t  p H  v æ s e n t l i g  l a v e re  s o m  i h ø n s e g v l l e n .  
D e t  s t ø r s t e  t a b  e r  f r a  s v i n e g y l l e n  m e d  l a v t  t ø r s t o f ­
i n d h o l d ,  m e n  m e d  h ø j t  p H .  A m m o n i a k f o r d a m p ­
n i n g e n  v a r  g e n e r e l t  l a v  i d e t t e  fo r sø g  s o m  f ø l g e  a f  
la v e  t e m p e r a t u r e r  ( u d e n  f r o s t )  o g  en  h ø j  l u f t f u g ­
t i g h e d .

A m m o n i a k t a b e t  f r a  h ø n s e g y l l e  e r  s å l e d e s  p å  
n i v e a u  m e d  t a b e t  f r a  s v in e g y l le .  E v e n t u e l l e  f o r ­
s k e l l e  s k y l d e s  f o r s k e l l e  i gy l lens  p H ,  t ø r s t o f  o g  
a m m o n i u m i n d h o l d .  L i g n e n d e  k o n k l u s i o n e r  k a n  
d r a g e s  a f  f o r s ø g  a f  L o c k y e r  et al. (6) .  D i s s e  h a r  
e n d v i d e r e  v i s t ,  a t  t ø r r i n g  k o r t  e f t e r  p r o d u k t i o n  a f  
h ø n s e g y l l e  k a n  b e g r æ n s e  a m m o n i a k t a b e t  i s t a l ­
d e n  o g  v e d  e f t e r f ø l g e n d e  u d b r in g n i n g .  D e t t e  t i l ­
s k r i v e s ,  a t  t ø r r i n g  h a r  b e g r æ n s e t  h y d r o l y s e n  a f  
u r i n s y r e  o g  d e r v e d  b e g r æ n s e t  i n d h o ld e t  a f  a m m o ­
n i u m  i h ø n s e g ø d n i n g .

A fg a sset gy lle
A m m o n i a k f o r d a m p n i n g e n  fra a fg a ss e t  o g  u b e ­
h a n d l e t  s v in e g y l l e  b l e v  u n d e r s ø g t  i to  p å  h i n a n ­
d e n  f ø l g e n d e  p e r i o d e r  i m a j  19S8 (fig. 2 A ,  t a b e l  
2 ) .  D e r  b l e v  ik k e  f u n d e t  fo r s k e l  p å  a m m o n i a k f o r ­
d a m p n i n g e n  f r a  d e  t o  t y p e r  af s v in eg y l le .  I n d h o l ­
d e t  a f  a m m o n i u m  o g  t o t a l - N  va r  e n s  f o r  d e  t o  g y l ­
l e t y p e r ,  m e n s  p H  i d e n  u b e h a n d l e d e  s v i n e g y l l e  
v a r  e n  s m u l e  l a v e r e  o g  t ø r s t o f i n d h o l d e t  e n  s m u l e  
h ø j e r e  e n d  i d e n  a f g a s s e d e  sv inegyl le .

A m m o n i a k f o r d a m p n i n g e n  f r a  v æ s k e f r a k t i ­
o n e n  a f  f i l t r e r e t ,  a f g a s s e t  og  u b e h a n d l e t  s v i n e ­
g y l l e  b l e v  u n d e r s ø g t  i 12 f o r s o g  o v e r  f ire  p å  h i n a n ­
d e n  f ø l g e n d e  p e r i o d e r  i m a r t s  og  apri l  1988 ( f ig .  
2 B ) .  D e r  v a r  i k k e  f o r s k e l  p å  f o r d a m p n i n g e n  a f  
a m m o n i a k  f r a  d e  t o  t y p e r  a f  v æ s k e f r a k t i o n e r ,  
h v e r k e n  p å  g e n n e m s n i t t e t  a f  d e t  a k k u m u l e r e d e  
a m m o n i a k t a b  f o r  d e  4  p e r i o d e r  (fig. 2 B )  e l l e r  f o r
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A: 17. maj - 31. maj 1988 (Eks. nr. 11-12)

Svinegylle. pH 7.5 og 3.1 pct. TS (n - 3)

Afgasse: svinegylle. pH 7.8 og 2.7 pct. TS (n - 3)

72 96 120 144 168

f e k t  p å  a m m o n i a k f o r d a m p n i n g e n ,  i d e t  t a b e t  f r a  
v æ s k e f r a k t i o n e n  e r  m i n d r e  e n d  f r a  d e n  u b e h a n d ­
l e d e  g y l l e  ( f ig .  2 A  o g  2 B ) .

V æ s k e -  o g  f i b e r f r a k t i o n  a f  f i l t r e r e t ,  a l m i n d e l i g  

g J ’He
A m m o n i a k t a b e t  f r a  v æ s k e -  o g  f i b e r f r a k t i o n e n  a f  
a l m i n d e l i g  g y l le  b l e v  s a m m e n l i g n e t  m e d  t a b e t  f r a  
u b e h a n d l e t  k v æ g g y l l e .  F o r d a m p n i n g e n  i f o r s ø ­
g e n e  g e n n e m f ø r t  i v i n t e r e n  19S8 o g  i s o m m e r e n  
1989  v a r  p å  s a m m e  n i v e a u  (f ig .  3 ) .  D e  h ø j e  t a b  f r a  
f i b e r f r a k t i o n e n  a f  s v i n e g y l l e n  s a m t  k v æ g g y l l e n  
u d b r a g t  i v i n t e r e n  1988 s k y ld e s  f o r m e n t l i g  b å d e  
e f f e k t e n  a f  e t  h ø j t  t ø r s t o f i n d h o l d  o g  e t  h o j t  p H .  
D e  f ø r s t e  t i m e r  e f t e r  u d b r i n g n i n g  a f  f i b e r f r a k t i ­
o n e n  o g  k v æ g g y l l e n  v a r  t a b e t  s t ø r r e  i s o m m e r e n
1989  e n d  i v i n t e r e n  1988 (f ig .  3 A  o g  B ) .  D e  h ø j e

Timer fra forsogsstert

Fig. 2. A k k u m u le re t a m m o n ia k fo rd a m p n in g  fra  sv in e ­
gylle og afgasset sv in eg y lle  sam t v æ sk e fra k tio n en  af 
svinegylle og a fgasse t sv in eg y lle  ( 3 0 1 p r. h a ) .  TS  =  tø r- 

siof. L o d re t te  p in d e  an g iv e r 1 s. d. 
Cum ulated loss o f  a m m o n ia  fr o m  p ig  slurry  an d  fe rm e n ­
ted p ig  slurry, and  fr o m  the liqu id  fraction  o f  p ig  slurry  
and  ferm ented slurry ( 3 0 1 p e r  ha). TS  =  dry  matter. Bars 

indicate I s. d.

d e  e n k e l t e  p e r i o d e r  ( t a b e l  2 ) .  D e t  l id t  h ø j e r e  p H  
i v æ s k e f r a k t i o n e n  a f  d e n  a f g a s s e d e  g y l le  m o d v i r ­
k e s  a f  e t  l av e re  t ø r s t o f i n d h o l d .

T a b e n e  i p e r i o d e n  f r a  5 . - 1 1 .  a p r i l  1988 v a r  v æ ­
s e n t l i g  s tø r r e  e n d  i d e  f o r e g å e n d e  f o r s ø g  ( t a b e l  2 ) ,  
h v i l k e t  h a r  b e v i r k e t  d e n  s t o r e  s t a n d a r d a f v i g e l s e  
p å  m i d d e l v æ r d i e r n e  f o r  a l le  f o r s ø g e n e .  I d e n n e  
p e r i o d e  v a r  t e m p e r a t u r e n  h ø j e r e  o g  v a n d d a m p s ­
d e f i c i t  v æ s e n t l ig  s t ø r r e  e n d  i d e  f o r g å e n d e  f o r s ø g .  
V e d  s t i g e n d e  t e m p e r a t u r  o g  ø g e t  v a n d d a m p s d e f i ­
c it  ø g e s  a m m o n i a k f o r d a m p n i n g e n  ( 10).

O m s æ t n i n g  a f  o r g a n i s k e  f o r b i n d e l s e r  v e d  a fg a s -  
n i n g  a f  gyl le  i b i o g a s a n l æ g  p å v i r k e r  s å l e d e s  i k k e  
a m m o n i a k f o r d a m p n i n g e n  e f t e r  u d b r i n g n i n g .  B e ­
h a n d l i n g  i f o r m  a f  f i l t r e r i n g  h a r  i m i d l e r t i d  e n  ef-

A; 16. november-20. december 191 
(Eks. nr. 14-16)

- ' Fiberfraktion. svinegylle, pH 8.6 og 19.6 pct. TS (n • 3)
' — Kvæggylle. pH 7,9 og 8.2 pct. TS (n • 3)

' — — VæskefreWion, svinejyi'e, pH 7.5 og 1.1 PCI. TS (n » 3)

. FibertraWion. bianoet gy«e. pH7,0 og 22,0 pct. TS (n - 2) 

. Kvæggylle. pH 7.5 og 6.5 pel. TS (n • 2)
• Væskefraktion, bianoet gylle. pH 7,i og 0.9 pct. TS (n - 2)

IS O  144 166

Timer fra lorsogssian

F ig . 3. A k k u m u le re t  a m m o n iak fo rd am p n in g  fra  kvæg- 
2y lle . f ib e r-  og  v æ sk e frak tio n en  af sv inegy lle  og  b la n ­
d e t gy lle  ( 3 0 1 pr. h a ). TS  =  tø rs to f. L o d re tte  p in d e  a n ­

giver 1 s. d.
C u m u la ted  loss o f  am m on ia  fro m  cattle slurry, the fib ro u s  
a n d  liq u id  fractions o f  p ig  slurry and m ixed  slurry  (3 0 1 p e r  

ha). TS  = dry matter. Bars indicate I  s. d.
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t e m p e r a t u r e r  o m  s o m m e r e n  h a r  s å l e d e s  m e d f ø r t  
h ø j e  t a b s h a s t i g h e d e r  i n d e n  f o r  d e  f ø r s t e  12 t i m e r .  
D e t  a k k u m u l e r e d e  t a b  e f t e r  s e k s  d ø g n  e r  d e t  
s a m m e  s o m  i v i n t e r p e r i o d e n ,  h v o r  t a b s h a s t i g h e ­
d e n  e f t e r  d e  f ø r s t e  12 t i m e r  i k k e  a f t a g e r  i s a m m e  
g r a d  s o m  o m  s o m m e r e n .  L u f t t e m p e r a t u r e n  v a r  
la v  u n d e r  f o r s ø g e n e  i v i n t e r e n  1988 ( t a b e l  2 ) ,  o g  
d e r  h a r  v æ r e t  p e r i o d e r  m e d  f r o s t ,  h v i l k e t  k a n  
h a v e  m e d v i r k e t  t il  d e  s t o r e  t a b  f r a  f i b e r f r a k t i o n e n  
o g  k v æ g g y l l e n .  F r o s t p e r i o d e r  h a r  i k k e  h a f t  
s a m m e  i n d v i r k n i n g  p å  t a b e t  f r a  v æ s k e f r a k t i o n e n ,  
s a n d s y n l i g v i s  f o r d i  v æ s k e f r a k t i o n e n  i d a g t i m e r n e  
e f t e r  u d b r i n g n i n g e n  h a r  k u n n e t  s ive n e d  i j o r d e n .

E f t e r  s e k s  d ø g n  v a r  a m m o n i a k t a b e t  f r a  v æ s k e ­
f r a k t i o n e n  1 0 -2 0  p c t .  a f  a m m o n i u m i n d h o l d e t  v e d  
u d b r i n g n i n g  i v i n t e r e n  1988 o g  1 9 -2 3  p c t .  v e d  u d ­
b r i n g n i n g  i s o m m e r e n  1989 ( t a b e l  2 ) .  F r a  f i b e r ­
f r a k t i o n e n  v a r  t a b e n e  h e n h o l d s v i s  66 -1 0 0  p c t .  o g  
6 8 - 9 7  p c t .  A m m o n i a k t a b e t  f r a  f i b e r f r a k t i o n e n  
v a r  i b e g g e  p e r i o d e r  s t ø r r e  e n d  t a b e t  f r a  k v æ g g y l ­
l e n ,  m e n s  t a b e t  f r a  v æ s k e f r a k t i o n e n  v a r  m i n d r e .  
U n d e r s ø g e l s e n  b e k r æ f t e r  s å l e d e s ,  a t  a m m o n i a k ­
t a b e t  e r  s t o r t ,  h v i s  g ø d n i n g e n  h a r  h ø j t  t ø r s t o f i n d ­
h o l d ,  o g  a t  t a b e t  f r a  g ø d n i n g  m e d  l a v t  t ø r s t o f i n d ­
h o l d  e r  r i n g e .  D e t  e r  t i d l i g e r e  v i s t ,  a t  a m m o n i a k ­
t a b e t  s t i ° e r  l i n e æ r t  m e d  t ø r s t o f i n d h o l d e t  i g y l l e  
(12).

V e d  u d b r i n g n i n g  a f  8 0  o g  120 t f i b e r f r a k t i o n  p r .  
h a  v a r  t a b e t  c a .  65  o g  73  p c t .  a f  d e n  u d b r a g t e  a m ­
m o n i u m  ( t a b e l  2 ) .  D e t t e  e r  m e r e  e n d  d o b b e l t  s å

31. maj -  6. juni 1988 (Eks. nr. 13)
Fiberfrakiion, kvæggylle, pH 8.1 og 19.9 pct. T S

y p
/ D
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Fig . 4. A k k u m u le re t  a m m o n iak fo rd am p n in g  fra  f ib e r ­
fra k tio n e n  af kvæ ggylle (40 , 80 e lle r 1201 pr. h a ) .  T S  =  

tø rs to f.
C um ula ted  loss o f  am m on ia  fr o m  fib ro u s  fra c tio n  o f  

cattle s lurry (40, 80 or 1201 p er ha). TS  =  dry  m atter.

m e g e t  s o m  v e d  u d b r i n g n i n g  a f  40  t p r .  h a  ( f ig .  4 ) .  
T a b e t  v e d  d e  t o  h ø j e  t i l f ø r s l e r  v a r  e f t e r  6  t i m e r  v æ ­
s e n t l i g t  s t ø r r e  e n d  v e d  u d b r i n g n i n g  a f  4 0  t p r .  h a .  
1 d e t t e  f o r s ø g  h a r  u d b r i n g n i n g  a f  s t i g e n d e  m æ n g ­
d e r  f i b e r f r a k t i o n  s å l e d e s  ø g e t  d e t  r e l a t i v e  a m m o ­
n i a k t a b .  D e t t e  e r  i m o d s æ t n i n g  til r e s u l t a t e r n e  
v e d  u d b r i n g n i n g  a f  s t i g e n d e  m æ n g d e r  a f  g v l l e ,  
h v o r  d e t  b l e v  v i s t ,  a t  d e t  p r o c e n t i s k e  a m m o n i a k ­
t a b  r e d u c e r e s  v e d  u d b r i n g n i n g  a f  m e r e  e n d  6 0  t 
s v i n e g y l l e  p r .  h a  (6 , 11) .

D ir e k te  ned fæ ld n in g  o g  nedharvning
S e k s  d ø g n  e f t e r  n e d f æ l d n i n g  a f  k v æ g g y l l e  v a r  a m ­
m o n i a k t a b e t  i s o m m e r e n  1987 m i n d r e  e n d  17 p c t .  
a f  d e n  u d b r a g t e  a m m o n i u m .  I e t  t i l s v a r e n d e  f o r ­
s ø g  m e d  b i o g a s g y l l e  i f o r s o m m e r e n  1989  v a r  t a b e t  
4 9 - 5 3  p c t .  I b e g g e  f o r s ø g  v a r  t a b e t  l a v t  v e d  f o r s ø ­
g e t s  s t a r t ,  h v o r e f t e r  d e t  a k k u m u l e r e d e  t a b  s t e g  li­
n e æ r t  m e d  t i d e n  (f ig . 5 ) .  D e t t e  f o r l ø b  a f v i g e r  v æ ­
s e n t l i g t  f r a  d e l  n o r m a l e  t a b s m ø n s t e r  e f t e r  u d ­
b r i n g n i n g  a f  u b e h a n d l e t  g y l l e  p å  j o r d o v e r f l a d e n .

2. juni-8 .  juni 1987 og 25. april - 1. maj 1989 
(Eks. nr. 2 og 17)

Afgasset, blandet gylle. 
pH 7,2 og 8,1 pct. TS, 
april 1989 (n -3 )  
Kvæggylle, pH 7.0 og 7,5 .̂ 
pct.TS. juni 1987 t - '
(n -3 ) X

O Z A  A Q  72 96 ISO \ A A  168

Timer fra forsogsstart

Fig. 5. A k k u m u le re t  am m o n ia k fo rd a m p n in g  fra  d i r e k ­
te  n e d fæ ld e t kvæ ggylle (30 t pr. ha) og  a fg a ss e t, b la n ­
d e t gvlle  (40  t pr. h a ). TS =  tø rs to f. L o d re t te  p in d e  a n ­

giver 1 s. d.
C um ula ted  loss o f  am m on ia  fr o m  injected cattle s lu rry  (30 
t p e r  ha) a n d  fe rm en ted  m ixed  slurry ( 4 0 1 p e r  ha). T S  =  

dry  matter. Bars indicate I s. d.

I  f o r s o m m e r e n  19S9 b l e v  gy l le n  n e d f æ l d e t  i j o r d  
m e d  h ø j t  v a n d i n d h o l d  e f t e r  e n  l a n g  p e r i o d e  m e d  
m e g e n  n e d b ø r .  D e t t e  e r  f o r m e n t l i g  å r s a g e n  t i l  d e t  
s t o r e  t a b  a f  a m m o n i a k  e f t e r  s ek s  d ø g n .  A m m o n i ­
a k t a b e t  f r a  j o r d  m e d  h ø j t  v a n d i n d h o l d  e r  k o r r e l e -  
r e t  ti l f o r d a m p n i n g e n  a f  v a n d  fra  j o r d e n ,  i d e t  d e t  
n e d f æ l d e d e  a m m o n i u m  f ø l g e r  d e n  o p a d g å e n d e
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v a n d b e v æ g e l s e  u n d e r  u d t ø r r i n g  (1 ,  7 ) .  I s o m m e ­

r e n  1987 v a r  j o r d e n  u d t ø r r e t ,  i d e t  d e r  k u n  v a r  f a l ­
d e t  22  m m  n e d b ø r  i d e  2 u g e r  f o r u d  f o r  f o r s ø g e t .

I e n  u n d e r s ø g e l s e  a f  n e d f æ l d n i n g  g e n n e m f ø r t  
a f  T h o m p s o n  e ta ! .  (13)  b le v  g y l le n  p l a c e r e t  i 35  c m  
d y b d e  i f u r e r  l a v e t  m e d  e n  p lov .  V e d  d e n n e  d y b e  
n e d f æ l d n i n g  v a r  a m m o n i a k t a b e t  i l ø b e t  a f  12 
d ø g n  c a .  2 k g  N H 3- N  pr .  h a  v e d  n e d f æ l d n i n g  a f  
104-110  k g  N H 4+- N  pr .  ha .
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Fig. 6. A k k u m u le re t am m o n iak fo rd am p n in g  fra  v a n ­
de t e lle r n e d h arv e l fast sv inegødning  (30 t p r. h a ). TS 

=  tø rs to f. L o d re tte  p inde ang iver 1 s. d. 
C um ulated  loss o f  am m onia  from  the irrigated or in co rp o ­
rated so lid  p ig  m anure  (3 0 1per ha). TS  =  dry matter. Bars 

indicate 1 s. d.

H a r v n i n g  a f  j o r d e n  u m i d d e l b a r t  e f t e r  u d b r i n g ­
n i n g  a f  f a s t  s v i n e g ø d n i n g  b e g r æ n s e d e  a m m o n i a k ­
t a b e t  e f t e r  s e k s  d ø g n  til 39  o g  93  p c t .  a f  f o r d a m p ­
n i n g e n  f r a  g ø d n i n g  e f t e r l a d t  p å  o v e r f l a d e n  ( t a b e l  
2 ) .  D e t  g e n n e m s n i t l i g e  a k k u m u l e r e d e  a m m o n i ­
a k t a b  v a r  j æ v n t  s t i g e n d e  g e n n e m  h e l e  f o r s ø g s p e ­
r i o d e n  (f ig .  6 ) .  F o r l ø b e t  s v a r e r  til a m m o n i a k f o r ­
d a m p n i n g e n  f r a  g y l le  n e d f æ l d e t  i v å d  j o r d .  A d ­
s o r p t i o n  a f  a m m o n i u m  til j o r d e n  e r  d e n  f a k t o r ,  
d e r  b e g r æ n s e r  a m m o n i a k t a b e t  v e d  n e d h a r v n i n g .  
F o r s k e l l e n  i e f f e k t e n  a f  n e d h a r v n i n g  s k y l d e s  d e r ­
f o r  s a n d s y n l i g v i s  e n  r i n g e r e  o p b l a n d i n g  a f  s v i n e ­
g ø d n i n g  o g  j o r d  i f o r s ø g e t ,  h v o r  d e r  b l e v  m å l t  
s t o r e  t a b  a f  a m m o n i a k  e f t e r  n e d h a r v n i n g .

N ed b ør
N e d b ø r  h a r  h a l v e r e t  a m m o n i a k f o r d a m p n i n g e n  
f r a  fa s t  s v i n e g ø d n i n g  p å  j o r d o v e r f l a d e n  ( t a b e l  2 ). 
D e r  b l e v  v a n d e t  u m i d d e l b a r t  e f t e r  u d b r i n g n i n g e n  
o g  d e r p å  e f t e r  h v e r t  a f  d e  e f t e r f ø l g e n d e  t r e  d ø g n .

I d e  t r e  d ø g n ,  h v o r  d e r  b l e v  v a n d e t ,  v a r  a m m o n i ­
a k t a b e t  m i n d r e  v e d  v a n d i n g  m e d  10 m m  e n d  m e d
5 m m  pr .  g a n g  ( f ig .  6 ).  E f t e r  s e k s  d ø g n  v a r  t a b e t  
v e d  d e  t o  b e h a n d l i n g e r  i m i d l e r t i d  d e t  s a m m e .

V a n d i n g  e l l e r  n e d b ø r  m i n d s k e r  s å l e d e s  a m m o ­
n i a k f o r d a m p n i n g e n  u d e n  a t  b r i n g e  d e n  til o p h ø r .  
E f t e r  n e d b ø r s p e r i o d e r  e r  e t  l i g n e n d e  f o r l ø b  a f  
a m m o n i a k t a b e t  f r a  gy l le  u d b r a g t  p å  j o r d  b l e v e t  
m å l t  m e d  m e t e o r o l o g i s k e  m a s s e b a l a n c e m e t o d e r  
( 2 ) .  B e a u c h a m p  e t al. (2 )  a n t o g ,  a t  f o r d a m p n i n g e n  
a f  v a n d  e f t e r  n e d b ø r s p e r i o d e r  l e d s a g e s  a f  a m m o ­
n i a k f o r d a m p n i n g .

K onklusion
D e r  e r  i k k e  f o r s k e l  p å  a m m o n i a k t a b e t  f r a  a f g a s -  
s e t  o g  a l m i n d e l i g  gy l le .  V i d e r e  f o r a r b e j d n i n g  a f  
d i s s e  g y l l e t y p e r  æ n d r e r  i k k e  p å  d e t t e  f o r h o l d ,  i d e t  
d e r  i k k e  v a r  f o r s k e l  p å  a m m o n i a k t a b e t  f r a  v æ s k e ­
f r a k t i o n e n  a f  a l m i n d e l i g  o g  a f g a s s e t  g y l l e .  D e r  v a r  
u b e t y d e l i g  f o r s k e l  p å  d e  t o  g y l l e t y p e r s  s a m m e n ­
s æ t n i n g .  U n d e r  e n s  k l i m a f o r h o l d  o g  v e d  s a m m e  
u d b r i n g n i n g s t e k n i k  vil f o r s k e l l e  i a m m o n i a k f o r ­
d a m p n i n g  h o v e d s a g e l i g t  s k y l d e s  f o r s k e l l e  i p H ,  
t ø r s t o f i n d h o l d  o g  a m m o n i u m i n d h o l d .

A m m o n i a k t a b e t  f r a  h ø n s e g y l l e  v a r  p å  n i v e a u  
m e d  t a b e t  f r a  s v in e g y l l e .  D i s s e  r e s u l t a t e r ,  s a m t  
u n d e r s ø g e l s e r  a f  f i b e r -  o g  v æ s k e f r a k t i o n e r  a f  
g y l l e  a n t y d e r  s å l e d e s ,  a t  i n d e n  f o r  s a m m e  g ø d ­
n i n g s k a t e g o r i  s o m  fx g y l le ,  a j l e  e l l e r  f a s t  g ø d n i n g ,  
k a n  f o r d a m p n i n g e n  r e l a t e r e s  t il  g y l l e n s  p H  o g  t ø r ­
s t o f i n d h o l d .  D e t t e  e r  i k k e  t i l f æ l d e t  i m e l l e m  g ø d ­
n i n g s k a t e g o r i e r .

F o r d a m p n i n g e n  a f  a m m o n i a k  f r a  v æ s k e f r a k t i ­
o n e n  v a r  m i n d r e  e n d  20  p c t .  o g  f r a  f i b e r f r a k t i ­
o n e n  s t ø r r e  e n d  66  p c t .  a f  a m m o n i u m i n d h o l d e t .  
T i l  s a m m e n l i g n i n g  v a r  f o r d a m p n i n g e n  f r a  k v æ g ­
g y l l e  c a .  5 0  p c t .  i s a m m e  f o r s ø g s p e r i o d e r .  V e d  u d ­
b r i n g n i n g  a f  s t i g e n d e  m æ n g d e r  f i b e r f r a k t i o n  p r .  
h a  f o r d a m p e d e  e n  s t i g e n d e  a n d e l  a f  d e t  u d b r a g t e  
a m m o n i u m .  P e r i o d e r  m e d  f r o s t  m e d f ø r t e  ø g e t  
a m m o n i a k t a b  f r a  f i b e r f r a k t i o n e n ,  m e n  i k k e  f r a  
v æ s k e f r a k t i o n e n .  V æ s k e f r a k t i o n e n  h a r  ø j e n s y n ­
l i g t  i n f i l t r e r e t  j o r d e n  i d a g t i m e r n e  e f t e r  u d b r i n g ­
n i n g ,  h v o r v e d  a d s o r p t i o n  a f  a m m o n i u m  ti l j o r d e n  
h a r  b e g r æ n s e t  e f f e k t e n  a f  f r o s t .

V e d  n e d f æ l d n i n g  a f  gy l le  i e n  i k k e  v a n d m æ t t e t  
j o r d  v a r  a m m o n i a k t a b e t  e f t e r  s e k s  d o g n  m i n d r e  
e n d  17 p c t .  a f  a m m o n i u m i n d h o l d e t .  B l e v  g y l l e n  
n e d f æ l d e t  i f u g t i g  j o r d ,  v a r  t a b e t  c a .  5 0  p c t .  H a r v ­
n i n g  e f t e r  u d b r i n g n i n g  a f  f a s t  s v i n e g ø d n i n g  b e ­
g r æ n s e d e  a m m o n i a k t a b e t  til 3 9  o g  93  p c t .  a f  t a b e t  
f r a  g ø d n i n g  p å  j o r d o v e r f l a d e n .  F o r s k e l l e n  m e l l e m
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d e  t o  f o r s ø g  k a n  t i l s k r i v e s  v a r i e r e n d e  o p b l a n ­
d i n g s g r a d  a f j o r d  o g  g ø d n i n g .

V a n d i n g  m e d  5 o g  10 m m  v e d  u d b r i n g n i n g e n  o g  
2 4 ,  4 8  o g  7 2  t i m e r  e f t e r  u d b r i n g n i n g  a f  f a s t  s v i n e ­
g ø d n i n g  b e g r æ n s e d e  a m m o n i a k t a b e t  i p e r i o d e n ,  
h v o r  d e r  b l e v  v a n d e t .  I d e  f ø r s t e  t r e  d ø g n  h a v d e  
t i l f ø r s e l  a f  4  X 10 m m  s t ø r s t  e f f e k t ,  m e n  fcfter s e k s  
d ø g n  v a r  t a b e t  v e d  d e  t o  v a n d i n g s n i v e a u e r  d e t  
s a m m e .

I  v i n d t u n n e l e n  e r  f o r s ø g s a r e a l e r n e  a f s k æ r m e t  
m o d  n e d b ø r .  U n d e r s ø g e l s e r n e  f a n d t  d e r f o r  s t e d  
u n d e r  u d t ø r r e n d e  f o r h o l d .  P e r i o d e r  m e d  n e d b ø r  
vil  m e d f ø r e  e t  r e d u c e r e t  t a b  a f  a m m o n i a k  f r a  h u s ­
d y r g ø d n i n g .

E rkendtlighed
U n d e r s ø g e l s e r n e  e r  g e n n e m f ø r t  m e d  ø k o n o m i s k  
s t ø t t e  f r a  M i l j ø s t y r e l s e n s  N P O - f o r s k n i n g s p r o -  
g r a m .
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